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INTRODUCTION 
 

Neurodegenerative diseases are a multifarious group of 

disorders that are characterised by the continuous 

disruption in the anatomy and functioning of central 

nervous system. In these disorders deterioration in the 

neuronal cells of brain and spinal cord occurs. 

Neurodegenerative diseases affect various body activities 

that include balance, movement, talking, breathing, and 

heart function.
[1]

 

 

Alois Alzheimer discovered the AD in 1906.
[2]

 It is a 

neurodegenerative disease that mainly affects the older 

people having an age above 65 years and one of the 

largest common causes of death. It impairs the memory 

and cognitive judgement of the person. The credit of the 

discovery of AD is given to Alois Alzheimer who firstly 

describes the dementic condition which thereafter 

became known as AD. 
[3]

 He described the case of 51 

years old lady, named Auguste D, who was suffered with 

cerebral cortex disease; showed impairment in memory, 

language, orientation, behaviour.
[4] 

 

AD is the commonest origin of irreversible dementia that 

initiates neurodegeneration and vascular processes in 

brain.
[5]

 Dementia is a clinical syndrome that causes 

progressive loss in the intellect, cognitive abilities, social 

behaviour, emotional state, person‟s ability to perform 

daily activities. Person‟s memory, language, decision 

making ability, attention, social activities, relationships, 

all get affected in the AD.
[6]

 AD is characterised by 

accumulation of hyperphosphorylated Tau protein inside 

the neuronal cytoplasm that constitute neurofibrillary 

tangles (NFT‟s) and Aβ peptide that forms Aβ plaques 

outside the neuron of diseased person.
[7]

   

 

Neuroinflammation, oxidative stress, genetic alterations, 

and environmental factors plays important role in the 

pathogenesis of AD. Various animal models are 

available which are used in the evaluation of drugs that 

shows their action on the particular targets to treat the 

complication occurs in the AD. Currently available drugs 

used in the treatment of AD are only show symptomatic 

relief but does not treat the underlying cause. So there is 

an urgent need to develop efficient therapies to treat the 

cause of AD. In the last years, various compounds were 

isolated from the natural sources that showed their 

effectiveness in treating the different pathological 

mechanism of AD.
[8]

 In this review, we will focus on 

various natural, organic, inorganic compounds that are 

under different phases of clinical trials.
[9-11]

 Natural 

compounds obtained a first position in the treatment of 

AD. In a current scenario, scientific community showing 
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ABSTRACT 
 

Alzheimer‟s disease (AD) is a neurodegenerative disease in which there is a progressive loss in the structure and 

function of neurons.  In a neuron, myelin sheath is highly affected in this disease. AD mainly affects the older 

people and is the fourth largest cause of death.  In AD, because of overactivity of APP secretase, activation of β- 

and γ-pathways initiate that causes the overproduction of toxic amyloid species i.e. Aβ oligomers and amyloid 

plaques. The function of MAPs is to interact with tubulin and assemble them into microtubules to form a 

microtubule network. Dementia a chronic loss of cognition usually affecting memory and Alzheimer causes 50% to 

80% of dementia causes. Molecular mechanisms underlying the pathophysiology of AD are still not known. 

Currently available drug therapies primarily consist of cholinesterase inhibitors and N-methyl-D-aspartate receptor 

antagonist approved by the U.S. Food and Drug Administration (FDA) and some neuroprotective agents. Various 

target specific drugs from natural, organic and inorganic origins are studied which with the help of animal models 

can be evaluated to show a potential in the treatment of AD. All these available drugs show only symptomatic 

relief but not treating the cause of this disease. 
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lot of interest in choosing the naturals as they have 

neuroprotective effects in treating the cause of AD.
[12]

 

Natural compounds inhibit the pathological mechanisms 

in different ways such as; inhibiting Aβ production, 

reducing oxidative stress, stimulating the degradation of 

Aβ, decreasing neuroinflammation. In vitro and in vivo 

studies are done using naturals that shows their potential 

pharmacological activity in the treatment of AD.
[13]

 

 

Organic and inorganic compound are formed by various 

substitution reactions. Redox chemistry has shown its 

prominent role in the development of various organic, 

inorganic compounds in AD pathogenesis.
 [14]

 Metal ions 

such as copper, ferrous, zinc have potential role in the 

pathogenesis of AD. These ions stimulate the oxidative 

stress in Aβ toxicity. Aβ plaques having complexes with 

copper and iron generate hydrogen peroxide free radical 

species that enhances oxidative stress in the neurons. On 

the basis of this, various antioxidants and metal 

coordinating compounds showing promising effects in 

clinical trial phases in the treatment of AD.
[15]

 

 

Epidemiology of AD 

AD is a multifactorial disease that is not defined with the 

help of a single known cause. For its development and 

progression several factors are associated which can be 

modifiable or nonmodifiable. 
[16]

 These factors include 

age is the largest risk factor for AD. More than 95% 

cases of AD are the people that are having an age of 65 

or above this. 
[17]

 AD can occur due to mutation in the 

Presenillin genes present on chromosomes 1-14 or 

mutation in the Amyloid Precursor Protein (APP) genes 

present on chromosomes 21. People with Down‟s 

syndrome disorder may have early onset of AD. In this 

disorder abnormal cell division occurs that results in 

extra genetic material from chromosome 21. Due to 

which a distinct facial appearance, mental 

dysfunctioning, retardation of growth and various thyroid 

or heart related diseases may occur.
[18]

 The E4 variant of 

Apolipoprotein E (APOE) gene which is located on a 

chromosome 19 is the largest risk factor for late onset 

AD. Nigerian blacks have higher levels of APO E4 allele 

in world populations. APOE is synthesized by astrocytes, 

and it helps in the transport of cholesterol to neurons by 

acting on their receptors. People with diabetes, 

hypertension, obesity, and smoking have high risk of 

AD.
[19]

 

 

Pathological Mechanisms in AD 

In AD, progressive neuron degeneration occurs because 

of formation of Aβ a plaque forming peptide and NFT‟s 

composed of hyperphosphorylated Tau proteins. Both 

these reasons results in the formation of Aβ toxic 

oligomers that ultimately cause imbalance between the 

formation, aggregation and excretion of Aβ plaques. 
[20]

 

The overproduction and aggregation of Aβ peptides leads 

to the generation of neuritis plaques and 

hyperphosphorylation of Tau proteins results in the 

formation of NFT‟s that ultimately changes the 

cytoskeletal. Both these impair neuronal equilibrium and 

results in neuronal dysfunctioning and cell death in the 

AD .With the help of α-secretase (non-amyloidogenic) 

and β and γ-secretases (amyloidogenic) enzymes, APP 

cleaved into smaller peptides (Aβ1-40 and Aβ1-42). In 

AD, APP secretases are highly active that results in the 

activation of β and γ pathway. These pathways are 

responsible for the formation of reactive and toxic 

amyloid species i.e. Aβ oligomers (Aβ1-42 and Aβ1-40) 

and amyloid plaques. Aβ1-42 form insoluble aggregates 

and is more toxic than Aβ1-40. 
[21]

 Generation of signals 

because of cleavage of APP results in the formation of 

active oligomers involved in the pathogenesis of AD. β 

and γ-secretase enzymes act on the APP and initiate the 

process of proteolysis because of which Aβ1–42 

monomer are formed, which in turn again converted into 

toxic oligomers. Neprilysin and insulin-degrading 

enzyme (IDE) are the two enzymes that are able to 

degrade the Aβ monomer. Accumulation of toxic 

oligomers  cause inactivation of various signalling 

pathways like inactivation of cyclin dependent kinase 5 

pathway because of which cell cycle get arrested (Fyn, 

FAK, GSK3β, CDK5) and changes in the structure of 

cell, proteins present in the synaptic cleft get altered. 

Matrix type metalloproteinase shows its emerging effects 

in pathogenesis of AD by progressing the intracellular 

neuronal inflammation and synaptic dysfunction. All 

these mechanisms ultimately results in the neuronal 

deterioration.
[22-23]

 

 

Treatment of AD 
Molecular pathways underlying the cause of AD are yet 

not completely understood. 
[24]

 USFDA approved some 

drug therapies that only able to produce a symptomatic 

relief but not treat the underlying cause. Presently 

available drug treatment includes; inhibitors of 

cholinesterase (ChE) enzyme that inhibits the 

cholinesterase enzyme and able to increase the level of 

Ach at the synaptic cleft. Other than this Memantine 

drug is available which is a competitive antagonist of 

glutamate receptor is. These drugs show their actions by 

one of the following mechanism: a) by increasing blood 

flow to cerebral region, b) by inhibit the metabolism of 

ACh, c) by enhancing the level of ACh at synaptic cleft, 

d) by enhancing the memory. Recently available new 

drug therapies are able to target the genetic variants and 

enzymes that are involved in the AD.
[25]

  

 

Treatment is chosen on the basis of age, overall health, 

and medical history, severity of disease, effectiveness of 

drug, priority of patient and caregivers about what 

treatment have to be taken. Aβ protein cataract and 

hyperphosphorylation of Tau protein are the two major 

causes for the AD. Thus the drug therapy of AD mainly 

target on decreasing Aβ level and hyperphosphorylation 

of Tau protein. Drugs used in the AD are also known as 

cerebroactive drugs. 
[26]

 In a current scenario various 

drugs are available which are classified into AChE 

inhibitors (Tacrine, Rivastigmine, Donepezil, 

Galantamine), Glutamate Antagonist (Memantine) act on 

NMDA receptor. Others are (Piracetam, Pyritinol, 

https://en.wikipedia.org/wiki/Astrocytes
https://en.wikipedia.org/wiki/Cholesterol
https://en.wikipedia.org/wiki/Neurons
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Dihydroergotoxine, Citicoline, Piribedil), NSAIDs, 

Estrogen, Melatonin, Antihypertensives, Insulin, 

Secretase Inhibitors, Immunization.
 [27]

 The available 

marketed drugs only treat the symptoms but not the 

cause so there is an urgent need to develop the drugs to 

treat the cause of AD. In this review, we have discussed 

the researches of scientific community on various 

natural, organic, inorganic compounds based on their 

potential efficacy in AD based preclinical and clinical 

models.  This review focused on potential therapeutic 

effects of natural agents followed by organic and 

inorganic agents by inhibiting different the pathological 

mechanisms involved in AD.  

 

Natural Agents 

Maher P et al investigated the neuroprotective activity 

of Eriodictyon (Yerbasanta), a genus to treat respiratory 

and age-related complications. Investigator prepared 

Dichloromethane extracts from leaves of 14-

Eriodictyontaxa and were preserved in the SD Herbarium 

for further research. The extracts were tested for 

neuroprotection in nerve cells against oxytosis and 

ferroptosis and for antinflammatory activity in brain 

microglial cells exposed to bacterial lipopolysaccharide. 

In parallel, the levels of the flavanones sterubin, 

Eriodictyon and homoeriodictyol were measured by 

mass spectrometry. Eriodictyon species presented strong 

neuroprotective and antinflammatory activities. The 

extract was co related with sterubin content for its 

protective properties, indicating that sterubin was the 

major active compound present.
[28]

 

 

Kurt B et al investigated the antineuroinflammatory and 

glia/neuroprotective properties of GR24, making SLs 

promising Scaffolds for the development of novel anti 

AD candidates.  A Subclasses was identified which was 

structurally different and biologically active compound 

as of apocarotenoids named strigolactone (SLs) was 

found to be novel phytohormones. SLs are mainly anti-

cancer agents but, their effects on the brain need to be 

explored. Herein, the SIM-A9 Microglial cell line was 

used as a phenotypic screening tool to search for the 

representative SL, GR24, and demonstrating marked 

potency in the suppression of lipopolysaccharide induced 

neuroinflammatory / neurotoxic mediators by regulating 

NF-κB, Nrf2, and PPARγ signaling. GR24 also in the 

brain endothelial cell line bEnd3 mitigated the LPS-

increased permeability as evidenced by reduced Evans 

blue extravasation through enhancing the expression of 

tight junction protein, occluding.
[29]

 

 

Gao N et al synthesized and carried out the screening of 

inorganic metal compounds as multifunctional 

therapeutic agents against AD by Inhibitions of Aβ 

aggregation and Aβ haem peroxidase like activity have 

received much attention because polyoxometalate with a 

Wells Dawson structure can efficiently inhibit Aβ 

aggregation. However, the interaction between POMs 

and Aβ is robust, but still needs to improve Aβ binding 

affinity. The designed series of transition metal-

functionalized POM derivatives with a defined histidine 

chelated binding site have much better Aβ inhibition and 

peroxidase like activity inhibition effects than the parent 

POM and these compounds can cross the BBB and are 

metabolized after 48h.
[30]

 

 

Kumar H et al investigated the oxidative stress is the 

central component of chronic diseases. The 

cytoprotective genes help to up-regulate enzyme activity 

in response to oxidative stress and its treatment with 

certain dietary phytochemicals with respect to nuclear 

factor, erythroid 2-related factor and antioxidant 

response (Nrf2/ARE) pathway. Research work drafted 

natural product derived bioactive compounds to activate 

Nrf2/ARE pathway and recapitulated to induce Nrf2 

molecular mechanisms for providing favorable condition 

in model for experiment of chronic diseases. Also, 

pharmacological barrier of Nrf2 signaling has arrived as 

a favorable strategy against multi-drug resistance by 

remodeling its treatment strength. Many natural product-

derived inhibitors of Nrf2/ARE pathway were also 

enlisted by the researcher as oxidative stress is the main 

and basic component of all major chronic diseases. The 

Nrf2/ARE pathway was primarily thought to be a 

regulator of antioxidant enzymes but recent studies have 

proved its role in the regulation of many genes for stress-

generated. Contrary Nrf2 production appears to decline 

with ageing. It is still unclear which target gene in the 

Nrf2 pathway contributes to these detrimental effects; 

hence, it is mandatory to evaluate the role of activating 

Nrf2 in in vitro and in vivo experimental models with the 

use of available Nrf2 inducers, Nrf2 overexpression, or 

Keap1 down-regulation. Epidemiological studies have 

shown that natural products provide beneficial effects by 

regulating Nrf2 levels.
[31]

 

 

Murray AP et al investigated a total of 128 studies 

which correspond to the most relevant research work 

published during 2006-2012 on plant derived 

compounds, plant extracts and essential oils found to 

explore AChE inhibition as AChE inhibitors show useful 

therapeutic approach in AD, target is for new molecules 

with antiAChE activity. Many secondary metabolites are 

potential origin for new inhibitors and extracts derived 

from plants to inhibit ACh enzyme, as it, increases the 

levels of the acetylcholine neurotransmitter present in the 

brain, thereby correcting cholinergic functional activity 

in patients with AD and alleviating the symptoms of this 

neurological disorder.
[32]

 

 

Gao J et al investigated that the efficacies and 

underlying mechanisms of flavonoids, alkaloids, 

phenylpropanoids, triterpenoid saponins, and 

polysaccharides have potential efficacies against AD via 

targeting multiple pathological changes of this disease. 

Research explained the evidence-based medicine 

principle to use medicines clinically for the treatment of 

AD, and also discovered its monomer compositions as 

promising lead molecule for drug design in treatment of 

AD. Some agents in categories of flavonoids and 

https://www.frontiersin.org/people/u/276422
https://www.nature.com/articles/ncomms4422#auth-1
https://pubs.rsc.org/en/results?searchtext=Author%3AHemant%20Kumar
https://www.ncbi.nlm.nih.gov/pubmed/?term=Murray%20AP%5BAuthor%5D&cauthor=true&cauthor_uid=24381530
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phenylpropanoids exhibit multiple biological properties 

that aim to eradicate the root causes of AD onset and 

may represent the future direction of new drug 

development.
[33]

  

 

Habtemariam S et al investigated the Aβ peptides, Aβ 

1–40 and Aβ 1–42, represent major molecular targets to 

develop potential drugs and diagnostic tools for AD. 

Many oligomeric and fibrillar mixture derived from 

peptides are principal component for amyloid plaques 

which is seen in post mortem of patients suffering from 

AD. Rosmarinic acid was found to be efficient in 

blocking in vitro amyloid peptides aggregation and also 

hamper the growth of the disease in targeted animal 

models. They also demonstrated the possibility to exploit 

STD-NMR and trNOESY experiments to screen extracts 

from natural sources for the presence of Aβ peptide 

ligands. RA has been previously identified as the main 

molecule causing the neuroprotective effect of sage 

against Aβ peptide neurotoxicity, the characterization of 

Aβ oligomer recognition and binding processes is crucial 

for the rational design of new ligands with higher affinity 

for Aβ aggregates, suitable for the development of 

innovative tools for both therapy and diagnosis of AD. 

The significance of this result increases in the light of the 

recent discovery of the antidiabetic activity of methyl 

caffeate which fits with the accumulation of Aβ fibrils in 

type 2 diabetes.
[34]

 

 

Choi DY et al investigated several factors contribute to 

oxidative stress in AD brains as it is a disease‟s hallmark. 

Mitochondrial dysfunction found in AD patients may 

exaggerate generation of ROS and oxidative stress. 

Second, Aβ peptide generates ROS in the presence of 

metal ions such as Fe
2+

 and Cu
2+

. Third, activated glial 

cells in AD brains may produce excessive amount of 

superoxide and nitric oxide through NADPH oxidase and 

inducible nitric oxide synthetase, respectively. Increased 

concentrations of ROS damage the body protein, lipid 

and nucleic acids. Plant derived polyphenolic compounds 

act in vitro and in vivo against many neurotoxic 

problems found in AD models. Dietary polyphenolic 

compounds exhibit neuroprotective effects through 

scavenging free radicals and increasing antioxidant 

capacity. Furthermore, they could facilitate the 

endogenous antioxidant system by stimulating 

transcription as many epidemiological and clinical 

studies showed therapeutic potential in the treatment of 

AD. Antioxidant polyphenolic compounds have been 

considered as an alternative therapeutic strategy for AD, 

natural polyphenolic chemicals still hold potential for 

intervention of AD neurodegeneration due to their safety 

and neuroprotective capacity. Elucidation of their action 

mechanism may provide better insight for new targets for 

neuroprotective drugs.
[35]

 

 

Ballatore C et al investigated the microtubule (MT) 

associated protein tau and is expressed in the axons of 

neurons. Protein tau is an endogenous MT stabilizing 

agent required for axonal transport. There are many 

factors responsible for the loss of MT stabilizing tau 

activity majorly caused by misfolding, hyper-

phosphorylation, and sequestration of tau to insoluble 

form of aggregates, and this leads to deficiency in axonal 

transport along with Neuropathological disorder. MT 

stabilizing drugs can be utilized for in vitro and 

preclinical in vivo studies to compensate the loss of tau 

function and also help to maintain or restore transport of 

axon. According to this research MT stabilizing 

compounds help in the treatment of AD and related 

tauopathies. Research also demonstrates the therapeutic 

activity of MT stabilizing drugs with respect to 

neurodegenerative tauopathies, as well as an overview of 

the different classes of MT stabilizing compounds.  

These agents appear to be among the most compelling as 

potential treatments for neurodegenerative tauopathies. 

The promising results obtained from the epothilone D 

studies in tau animal models, summarized here, provide 

important validation of this therapeutic strategy and, 

notably, have resulted in the selection of epothilone D as 

a clinical candidate for the treatment of AD.
[36]

 

 

Mancuso C et al investigated the study on curcumin 

obtained from Ginkgo biloba and acetyl-L-carnitine with 

the help of some preclinical studies suggested 

neuroprotective effects can be caused due to free radical 

scavenging activity or the inhibition of pro-inflammatory 

pathways or the potentiation of the cell stress response. 

A new drug-delivery strategy involving factors like 

improve systemic bioavailability, brain penetrance and 

administration of natural substances at low doses will 

help in the treatment of AD. This approach could also 

minimize the risk for adverse effects related to unwanted 

fluctuations in nutraceutical plasma concentrations.
[37]

 

 

Essa MM et al investigated the effect of polyphenolic 

antioxidants present in fruits, vegetables, herbs and nuts, 

can effectively help hinder neurodegeneration effect by 

improving memory and cognitive behaviour. Walnut 

showed neuroprotective effect against AD, as 

mechanisms behind the curative effects depends on the 

activity of phytonutrients signalling pathways mainly 

associated with protein folding and neuroinflammation 

shown by resveratrol in grapes, curcumin in turmeric, 

gingerols in ginger, and epicatechin-3 gallate in tea since 

all the mentioned phytopeholics exhibit 

antiamyloidogenic activity in AD models. Furthermore, 

polyphenols can also exert protective effects by 

regulating signalling pathways such as NF-kB, JNK and 

MAPK. The neuroprotective effects of the natural 

compounds, withanoides, ginkolide, iridoid glycoside, 

and huperzine, these natural products act against Aβ 

formation and/or tau hyper phosphorylation. AChE 

inhibitory activity of herbs, marine sponges and other 

natural products can also play important role in the 

prevention of AD.
[38]

 

 

Di Paolo et al investigated the lipid-mediated signal 

regulates physiological processes, and function of 

brain. This dysregulation of lipid pathways cause AD. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Choi%20DY%5BAuthor%5D&cauthor=true&cauthor_uid=22155297
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ballatore%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23020671
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mancuso%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21939756
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Similar to genome-wide and proteomics-based 

approaches, lipidomics can unmask crosstalk between 

biochemical pathways and provide essential mechanistic 

insights into the molecular basis of cellular or organismal 

changes. Additionally, lipidomics offers enormous 

potential for the identification of disease linked body 

fluid biomarkers, which can prove particularly helpful as 

diagnostic tools at early stages of dementia and in the 

diagnosis of AD specific mild cognitive impairment.
[39]

  

 

Ji HF et al investigated a study on a natural isoquinoline 

alkaloid namely berberine possesses antioxidant activity, 

AChE and butyrylAChE inhibitory effect, monoamine 

oxidase inhibitory action, Aβ peptide level-reducing and 

cholesterol lowering action, showed multipotent activity 

of berberine to encounter AD since the compound is 

nontoxic at clinical use dose, show loss of genotoxic 

effect, cytotoxic effect or mutagenic activity. Berberine 

when orally administered it passes through the BBB and 

is multipotent agent to combat AD.
[40]

 

 

Ferruzzi MG et al investigated a study on grape seed 

polyphenolic extract (GSPE) the bioavailability profile 

and its brain deposition in mouse model of AD. Plasma 

pharmacokinetic response of plasma in GSPE phenolic 

compound was measured by intragastric gavage of 50, 

100, and 150 mg per kg body weight. Presence of gallic 

acid, catechin, and epicatechin in plasma of rats was 

identified using liquid chromatography mass 

spectrometry analysis as gavaged acutely with GSPE. 

Also found the presence of metabolites like 4-

methylgallic acid, 3‟-methylcatechin, and 3‟-

methylepicatechin. Cmax for individual GSPE 

constituents and their metabolites increased with 

increasing GSPE oral dose. A Significant increase in 

bioavailability was found on daily exposure of GSPE of 

gallic acid, catechin, and epicatechin. Catechin, and 

epicatechin were not found active in brain tissues of rats 

on single GSPE dose.
[41] 

 

Adams M et al investigated a study on vietnamese 

medicine for treating age related dementia. 

Acanthopanax trifoliatus family Araliaceae useful for its 

stimulant and tonic activity also improve memory. 

Leaves of Acanthopanax trifoliatus contain 16-en-19-oic 

acid, taraxerol, taraxerol acetate, lupane-triterpene 

carboxylic acids, called acantrifoic acid and acantrifoside 

as major chemical constituents. Dimocarpus longan 

family Sapindaceae, source of longan fruits also useful as 

tonic and used to treat mental deficiency, neurasthenia, 

insomnia and amnesia. In Malaysia Casuarina 

equisetifolia (Casuarinaceae) a wide spreads herb or tree 

which somewhat resembles pine trees, is used as a 

sedative for the demented and to treat memory problems. 

In Tibet Iris germanica (Iridaceae) is believed to be a 

promoter of intellect and also useful in the treatment of 

insanity, epilepsy and against evil spirits. Centella 

asiatica already listed in the part on India is also used in 

Tibet as a promoter of memory and voice and is believed 

to be rejuvenating in general. Another remedy, believed 

to prevent aging is ghee, a form of melted butterfat 

which is said to promote complexion, beauty, voice, 

intellect, memory and give strength, virility and 

longevity Interestingly, a large study conducted with 

ginkgo extract EGb761 in France over 7 year suggested a 

preventive effect in an aged population cohort. The 

outcome of these long-term trials will be important in 

defining a possible role of natural product based 

preventive therapy in AD.
[42]

 

 

Filho JMB et al investigated the species belonging to 

Amaryllidaceae, Apiaceae, Asteraceae, Fabaceae and 

Fumariaceae. Rich alkaloid amount present in extract 

increases activity because many of AChE inhibitors 

contain nitrogen. The alkaloids are the major compounds 

isolated from this species and shows inhibitory activity 

for the AChE.
[43]

 

 

Akhondzadeh S et al investigated the Savia officinalis 

used in herbal medicine. In vitro cholinergic binding 

properties and modulation of mood and cognitive 

performance in humans suggested that the Salvia 

officinalis might potentially provide a novel natural 

treatment for AD. The efficacy and safety study obtained 

from extract of Salvia officinalis was explored using 

cognitive subscale of AD Assessment Scale (ADAS-cog) 

and Clinical Dementia Rating (CDR) with 60 drops/day 

dose over 4-month period using randomized studies. 

Results after 4 months of Salvia officinalis extract 

treatment produced a significant better outcome on 

cognitive functions than placebo. There were no 

significant differences in the two groups in terms of 

observed side effects except agitation that appears to be 

more frequent in the placebo group. The results of this 

study indicated that the efficacy of Salvia officinalis 

extract in the management AD. Moreover, Salvia 

officinalis may well reduce agitation of patients but these 

needs to be confirmed.
[44]

 

 

Houghton PJ et al investigated the AChE inhibitors 

such as galantamine, huperzine A, physostigmine to 

increase ACh level than using cholinergic compounds, 

even nicotinic properties are of major interest PD 

treatment has relied on the increased level of DA levels 

using precursor and main drug L-DOPA, dopaminergic 

agonists obtained from ergot alkaloid derivatives upon its 

administration. Enzyme inhibitor causes breakdown of 

DA and is under research. Future trends could involve 

the use of a polyvalent „cocktail‟ of drugs which act in 

different ways by mechanisms such as antioxidant and 

anti-inflammatory activity and the inhibition of the 

formation of fibrillary tangles and Aß plaques. Although 

the introduction of L-DOPA and other dopaminergic 

compounds over the last three decades has improved the 

condition of many sufferers of PD, the side effects and 

their unpredictability of occurrence highlight the fact that 

more work is needed. In this context also, the 

exploitation of compounds derived from plants with 

other mechanisms, such as monoamine oxidase 

https://sciprofiles.com/profile/1438
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferruzzi%20MG%5BAuthor%5D&cauthor=true&cauthor_uid=19625746
https://www.ncbi.nlm.nih.gov/pubmed/?term=Adams%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17720341
https://www.ncbi.nlm.nih.gov/pubmed/?term=Houghton%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=15956811
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inhibition, may provide a better treatment experience in 

due course.
[45]

 

 

Howes MJ et al investigated for their potential in AD 

therapy, and are now in clinical use of galantamine from 

Galanthus nivalis shown agreeable pharmacological 

effects in AD therapy. The majority of studies have 

focused on the antiChE alkaloids, such as physostigmine 

and galantamine. This is perhaps a reflection of the 

relative success of the use of AChE inhibitors in AD 

patients, and a lack of understanding of the pathological 

mechanisms that occur in AD and the subsequent targets 

for treatment. Although some plants, such as Ginkgo 

biloba and Withania somnifera, have shown beneficial 

effects on cognitive function, further studies regarding 

the compounds responsible for activity are necessary, to 

identify pharmacological activities of compound and was 

observed synergistically to increase activity.
[46]

 

 

Auddy B et al investigated three such rasayana plants 

were tested for the first time for their toxicity and free 

radical scavenging activity both in vitro and ex vivo. 

Plant mixture infusions displayed no toxic effects on the 

viability of PC12 cell line when tested using MTT-test. 

The plant Extract of ethanol and water infusions were 

tested for their antioxidant activity in the 2,2-azinobis-3-

ethyl-benzothiazoline-6-sulfonic acid radical cation 

decolourization assay; inhibition of lipid peroxidation by 

plant infusions was carried out using spontaneous lipid 

peroxidation of rat brain homogenate, and IC50 values 

were determined. The results showed that ethanolic 

extract obtained from Sida cordifolia was most potent 

followed by Evolvulus alsinoides and Cynodon dactylon. 

The antioxidant activity for the water infusions was 

observed using given order: Evolvulus alsinoides / 

Cynodon dactylon / Sida cordifolia. The results obtained 

for plant‟s water infusions on lipid peroxidation were 

high value of IC50 for Cynodon dactylon followed by 

Sida cordifolia and Evolvulus alsinoides.
[47]

 

 

Organic Agents 

Perez-Areales FJ et al investigated the synthesis of 

fluorobenzohomoadamantanamine with the potent AChE 

inhibitor 6-chlorotacrine by molecular hybridization of 

an NMDA receptor. The best hybrids (1) exhibit greater 

potencies than parent compounds against AChE IC50 44-

fold increased potency over 6-chlorotacrin, IC50 44-fold 

increased potency over 6-chlorotacrine against 

butyrylAChE and 2-fold increased potency over the 

parent benzohomoadamantanamine and memantine 

against NMDA receptors, which suggests an additive 

effect of both pharmacophoric moieties in the interaction 

with the primary targets.
[48] 

 

 
(1) 

 

Abdallaa MM et al investigated the antiAD activity of 

some heterocyclic pyrimidine and thiopyrimidine 

derivatives fused with steroidal structure using 

Flurbiprofen as the reference drug. Some of these 

compounds were demonstrated to exhibit remarkable 

activity and their Aß lowering results as IC50 values 

reported. The tested derivatives represent the most 

populated set of compounds obtained during this study. 

One compound (2) has displayed the highest activity 

with IC50 value. Throughout this study, it has been 

noticed that no ulcerogencity or bleeding especially 

gastric ones cases, no effects on Notch intracellular 

domain responsive genes and no effects on 

cyclooxygenase 1 and cyclooxygenase 2.
[49] 

 

 
(2)  

 

Aguilera OMB et al investigated the synthesis of 

donepezil-pyridyl hybrids and screened as multipotent 

ChE and monoamine oxidase inhibitors for the treatment 

of AD. One of the compound (3) was found as 318-fold 

more potent for AChE inhibition, and 1.3-fold less potent 

for ButyrylChE inhibition than the reference compound 

electrophorus electricus AChE.
[50] 

 

 
(3) 

 

Al-Tel TH et al structured profoundly selective 

imidazopyridines with benzimidazolas well as 

arylimidazole as potent β-secretase inhibitors. As 

measured by FRET and cell-based enzyme linked 

immunosorbent assays some of the analogues 

demonstrated low nanomolar potency for the BACE1 

enzyme and exhibited comparable affinity and high 

ligand efficiency. One of the compounds (4) displayed a 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Howes%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=12557240
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higher IC50 for BACE1 and exhibited cellular activity in 

the cell-based enzyme linked immunosorbent assay, high 

affinity and ligand efficiency. It has shown 204-fold 

more selectivity for BACE1 as compare to aspartyl 

protease BACE2.
[51] 

 

 
(4) 

 

Annweiler C et al investigated the new drug regimen 

techniques dependent on Memantine joined with 

molecules having antioxidant effects, so as to make a 

multi-target therapy to increase neuronal protection and 

forestall AD progression. The Memantine and vitamin D 

combination enhanced protection against several 

degenerative processes linked to AD. This new 

pharmaceutical composition may give a viable answer 

for the issue of neuronal death and cognitive decline in 

AD.
[52]

 

 

Bag S et al investigated the synthesis of compounds 

containing α, β-unsaturated carbonyl moiety (chalcones 

and coumarins) and evaluated as antiAD agents by 

means of inhibition of AChE, ButyrylAChE, Aβ self 

assembly and the disassembly of Aβ oligomers. Several 

compounds showed excellent potential as multifunctional 

compounds for AD. Docking studies performed well in 

all the assays gave a clear interpretation of various 

interactions in the gorge of AChE. Based on the results, 

the long chain coumarin (5) scaffold appears to be a 

promising structural template for further AD drug 

development.
[53]

 

 
(5) 

 

Benchekroun M et al investigated the synthesis of new 

tacrine ferulic acid hybrids and evaluated their biological 

and ADME studies and in vitro PAMPA-BBB analysis. 

(E)-3-(hydroxy3-methoxyphenyl)-N-{8[(7-methoxy-

1,2,3,4-tetrahydroacridin-9-yl)amino]octyl}-N-[2-

(naphthalen-2-ylamino)2-oxoethyl] acrylamide (6) 

identified as a multipotent that shows moderate and 

completely selective inhibition of human butyrylAChE, 

strong antioxidant activity and good Aβ aggregation 

properties. It is also able to permeate central nervous 

system (CNS) tissues, according to PAMPA-BBB 

assay.
[54]

 

 
(6) 

 

Berg S et al investigated the high throughput screening 

approach for new GSK3β inhibitors and co-

crystallization of key analogues to guide the optimization 

and synthesis of pyrazine series. They developed highly 

potent and selective inhibitors showing cellular efficacy 

and BBB penetrance. The inhibitors are suitable for in 

vivo efficacy testing and may serve as a new treatment 

strategy for AD. The pyrazine containing compounds 

generated high potency and selective inhibition, good 

bioavailability and brain penetrance. Several pyrazine 

analogues were having potential as novel therapeutic 

agents for the neurodegenerative diseases. Potency for 

the para substituted sulfonamide analogue (7) increased 8 

folds whereas potency for the meta and ortho isomers 

decreased to 79 and 30 folds respectively.
[55]

 

 
(7) 

 

Bolea I et al investigated the multitarget molecules 

which are able to interact with AChE and butyrylAChE 

and also with monoamino oxidase A and monoamino 

oxidase B. Novel compounds have been designed using a 

conjunctive approach that combines the benzylpiperidine 

moiety of the AChE inhibitor donepezil and the 

indolylpropargylamino moiety of the MAO inhibitor N-

[(5-benzyloxy-1-methyl-1H-indol-2-yl) methyl]-N-

methylprop-2-yn-1-amine, connected through an 

oligomethylene linker. The most promising hybrid (8) is 

a potent inhibitor of both MAO-A and MAO-B and is a 

moderately potent inhibitor of AChE and 

butyrylAChE.
[56] 

 

 
(8) 

 

Chaves S et al investigated the series of multi target-

directed ligands, obtained by attachment of a 

hydroxyphenylbenzimidazole unit to Donepezil active 

mimetic moiety benzylpiperidine/-piperazine and 

evaluated for inhibition of AChE and Aβ aggregation, 

metal chelation, and neuroprotection as potential antiAD 
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drugs. All the compounds are able to chelate Cu and Zn 

metal ions through their bidentate moieties, but below 

compound (9), containing tridentate chelating unit, is the 

strongest Cu
+2

 chelator.
[57]

 

 
(9) 

 

Costanzo P et al investigated the synthesis of donepezil 

precursors. For all products, characterized by an 

improved structural rigidity, the inhibitor activity on 

AChE selectivity vs butyrylAChE side activity on 

BACE-1, and tested for the effect on SHSY-5Y 

neuroblastoma cells. Two lead compounds were 

envisaged for a dual therapeutic strategy against AD. 

One of the compound (10) displayed better dual activity 

and lower IC50 values against both AChE and BACE-1 

enzymes as compared reported literature for structurally 

similar molecules.
[58]

 

 
(10) 

 

Viegas FPD et al investigated the series of 

multifunctional N-benzyl-piperidine-aryl-acylhydrazones 

hybrid derivatives and screened for multi target activities 

related to AD. Four compounds showed the best AChE 

inhibitory activities, but only two compounds presented 

concurrent antiinflammatory activity in vitro and in vivo, 

against Aβ oligomer induced neuroinflammation. One of 

the compounds (11) also showed the best neuroprotective 

effects against Aβ induced neurodegeneration.
[59]

 

 
(11) 

 

Fu Y et al investigated the synthesis of five novel tacrine 

ferulic acid hybrid compounds which were screened for 

inhibition of AChE and butyrylAChE, self-induced Aβ 

aggregation reduction and chelating Cu
2+ 

in vitro. Two 

compounds displayed the higher selectivity in inhibiting 

AChE over butyrylAChE. One of them (12) also 

presented dramatic inhibition of self Aβ aggregation, 

activity of chelating Cu
2+

 and activity against Aβ induced 

neurotoxicity.
[60] 

 

 
(12) 

 

Aliabadi A et al investigated the new series of 

phthalimide based compounds and antiACh effect was 

assessed using Ellman's test. The more potent compound 

of this series was with 4-fluorophenyl moiety (13). But, 

none of the compounds displayed superior inhibitory 

potency when compared to reference drug donepezil.
[61]

 

 
(13) 

 

Guo Y et al investigated the series of novel compounds 

and evaluated for their inhibitory activities towards 

AChE and butyrylAChE in vitro by Ellman method. The 

results show that some compounds have good inhibitory 

activity against AChE and butyrylAChE. The compound 

(14) exhibited the strongest inhibitory effect on both 

AChE and butyrylAChE. Moreover, it also showed lower 

cytotoxicity than that of Tacrine, indicating its safety as 

antiAD agents.
[62]

 

 
(14) 

 

Inorganic Agents 

Boulguemh IE et al synthesized and characterized two 

new Copper
+2

 complexes with bidentate Schiff base 

ligand N'-(propan-2-ylidene) thiophene-2-

carbohydrazide. To determine the antioxidant properties 

of both complexes, the ABTS radical scavenging and the 

reduction of copper
+2

-neocuproine [Cu
+2

-Nc] methods 

were used. AntiAChE activity method has been used to 

estimate in vitro antiAD effect of both and one of them 

(15) showed a potent AChE inhibition.
[63]
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(15) 

 

Cardoso BR et al investigated the tolerability and 

efficacy of selenate in modulating selenium 

concentration in the CNS by examining selenium and 

selenoproteins in serum and cerebrospinal fluid from a 2 

fold-dose 24-week randomized controlled trial of sodium 

selenate in AD patients. Results of analysis have shown 

that CSF selenium can predict change in MMSE 

performance. Sodium selenate (16) supplementation is 

well tolerated in high dose and can control CNS 

selenium concentration while individual variation must 

be considered in selenium metabolism to improve 

potential benefits in AD.
[64]

 

 
(16) 

 

Garcia-Vazqueza R et al investigated and developed 

hybrid systems based on clay minerals and 7-azaindole 

derivatives (17) in order to facilitate the oral 

administration of drugs in the treatment of AD and 

provide a controlled release. Two 7-azaindole derivatives 

with different substitutions were synthesized and 

adsorbed on nanocarriers of different morphology, the 

lamellar clay montmorillonite and the halloysite 

nanotubes. The drugs intercalation in MMT was 

confirmed by X-ray diffraction.  Studies carried out in 

cultures of human neuroblastoma cells confirmed the 

lack of toxicity of the hybrids and their neuroprotective 

effect against okadaic acid, the inhibitor of the protein 

phosphatase 2A, similarly to the nonencapsulated 

drugs.
[65]

 

 
(17) 

 

Hou R et al investigated and synthesized a novel 2-

dimensional coordination polymer with chemical 

formula [Zn2(HL)(4,4‟-bipy)(H2O)] (DMA) and 

evaluated the activity of the compound on the AD.  AD 

mice model was established and treated with the 

compound. And then, AD mice brain tissues were 

weighted and the cognitive function of AD mice was 

determined. Then, the content of Aβ peptides in the 

hippocampus was measured with western blot; the 

inflammatory cytokines. The enzyme linked 

immunusorbent assay exhibited that compound could 

decrease the inflammatory cytokines level of TNF-α and 

IL-1β ease the inflammatory response in the body. The 

ROS results showed the compound also has the ability in 

reducing the oxidative stress level in the nerve cells.
[66] 

 

Wiratpruk N et al investigated the two tridentate ligand 

systems bearing N-heterocyclic carbene, amine and 

carboxylate donor groups coupled to benzothiazole or 

stilbene based Aβ binding moieties. Reaction of the 

imidazolium salt containing pro-ligands with Re (CO)5Cl 

yielded the corresponding rhenium metal complexes (18) 

which were characterized by NMR, and X-ray 

crystallography. These ligands are of interest for the 

potential preparation of technetium-99m imaging agents 

for AD and the capacity of these rhenium complexes 

bind to Aβ fibrils composed of Aβ peptide in human 

frontal cortex brain tissue was evaluated using 

fluorescence microscopy. These studies show that the 

complexes bound efficiently to Aβ fibrils and some 

evidence of binding to Aβ plaques.
[67]

 

 

 
(18)   

 

Zhao J et al synthesized a new coordination polymer, 

namely, [Co2(L)2(H2O)4]nnH2O; (H2L= 5-(1H-1,2,4-

triazol-1-yl)-1,3- benzenedicarboxylic acid). A technique 

of green hand grinding was carried out to decrease 

complex‟s particle size, resulting in the formation of 

nano scale ball-like morphology. Furthermore, the 

prevention and treatment ability of the compound on the 

AD was evaluated and the related mechanism was 

discussed.
[68] 

 

Bicer N et al investigated the metal complexes of the 

curcumin ligand with Mn
2+

 and Fe
3+

 salts (19, 20) and 

characterized by elemental analysis, magnetic 

susceptibility, FT-IR, AAS, TG, argentometry. In vivo 

studies of the synthesized metal complexes have been 

carried out on Swiss Albino male mice to reduce the 

accumulation of Aβ 25-35 protein which is the cause of 

AD. Latent period rates of Aβ25-35/curcumin and Aβ25-

35/Fe
3+

complex groups measured. Consequently, the 

synthesized curcumin iron complex reinforced the 

memory and it was more effective than curcumin 

according to latent period comparison.
[69] 
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(19, 20) 

 

Gorantla NV et al investigated the development of 

effective drugs against AD, to prevent Tau aggregation. 

They synthesized and screened metal based complexes to 

prevent Tau protein aggregation. The role of synthetic 

cobalt complexes in inhibiting Tau aggregation was 

proposed by ThS fluorescence and TEM. CD 

spectroscopy showed that these complexes prevented 

conformational changes in Tau to β -sheet. CBMCs were 

not toxic at lower concentration and formed nontoxic 

Tau species. L1 and L2 prevented membrane leakage; 

whereas, higher concentrations of L3 caused membrane 

leakage as observed by LDH release assay. It was 

concluded that the synthetic cobalt complexes will be a 

promising molecule against AD.
[70] 

 

Pavuluru N et al investigated that the overabundance of 

certain metal ions in the brain may contribute to problem 

of formation of senile plaques which originate from the 

aggregation of the Aβ protein and that chelation therapy 

may be an effective tool to solve it. Due to copper strong 

affinity, binding energies were also evaluated for its 

interaction with potential chelators: monolayer boron 

nitride (21), monolayer molybdenum disulphide (22), 

and monolayer silicone. Silicene generated very high 

binding energies with copper, and the evidences 

demonstrated that there is a strong ionic bond existing 

between them. The minimal differences between the 

binding energies of the silicene binding sites and the Aβ 

binding sites evidencing that advance research in silicone 

chelators will expose doors for therapy in AD.
[71]

 

 
(21)                      (22) 

 

Nguyen M et al investigated the structures of the 

copper
2+ 

and zinc
2+ 

complexes of PBT2 to treat the 

disruption of metal homeostasis in neurodegenerative 

diseases, especially AD. They are believed to reduce 

metal A interactions and regulate redox homeostasis in 

AD brains. Different complexes can be formed with 

copper (23), including ternary complexes PBT2–Cu–X 

due to bi or tridenticity of PBT2.
[72] 

 

 
(23) 

 

Conclusion and Future Perspectives  
AD is a medically and financially overwhelming 

condition which completely alters the   structure and 

functions of neuronal and the incidence rates are 

expected to triple by 2050. Marketed conventional 

therapies treat the symptoms that are associated with the 

AD but are not be able to treat the cause of the disease. 

Despite decades of research in animal models of AD, the 

disease remains incompletely understood, with few 

treatment options. Nowadays researchers focused on 

various target specific drugs based on natural and 

synthetics sources that treat the underlying cause of AD. 

The Ontario Brain Institute took an initiative to improve 

the diagnosis and treatment of AD by which there will be 

an improvement in the person‟s cognitive abilities and 

memory. Moreover, epidemiological data and diverse 

traditional medicines, animal studies and the recent 

investigations about AD cellular and molecular aspects 

also provide strong starting points to develop new 

therapeutic approaches for AD. Preclinical and clinical 

studies on AD are under investigation and some have 

already shown promising results in patients.  

 

Conflict of Interest 

There is no conflict of interest. 

 

REFERENCES 
 

1. Roman MS, John FC. “Neurodegenerative diseases 

and their effect on neurons”. Nature, 2015; 537: 

36–37. 

2. Alzheimer A, Allg Z. “Psychiatry: About a Peculiar 

Disease of the Cerebral Cortex”. Neurosci, 1907; 64: 

14648. 

3. Alzheimer A, Miller J. “About a peculiar disease of 

the neurons”. Alzheimer Dis, 1987; 1: 38. 

4. Maurer K, Volk S, Gerbaldo H, Auguste. D, 

“Alzheimer‟s disease”. Lance, 1997; 349(9064): 

15469. 

5. Plassman BL, Langa KM, Fisher GG, Heeringa SG, 

Weir DR. “Prevalence of dementia in the United 

States: the aging, demographics, and memory 

study”. Neuroepidemiology, 2007; 29: 12532.  

6. Thies W, Bleiler L. “Alzheimer‟s disease facts and 

figures”. Alzheimer, 2013; 9: 20845. 

7. Barage SH, Sonawane KD. “Amyloid cascade 

hypothesis: Pathogenesis and therapeutic strategies 

http://www.nature.com/nature


www.wjpls.org 

 

118 

Diksha et al.                                                                                      World Journal of Pharmaceutical and Life Science  

in Alzheimer‟s disease”. Neuropeptides, 2015; 52: 

1–18.  

8. Heneka MT, Carson MJ, Khoury JE, Landreth GE, 

Brosseron  F, Feinstein D L, Jacobs A H, Wyss-

Coray T, Vitorica  J, Ransoho R M. 

“Neuroinflammation in Alzheimer‟s disease”. 

Lancet Neurol, 2015; 14: 388–405.  

9. Huang WJ, Zhang X, Chen WW. “Role of oxidative 

stress in Alzheimer‟s disease”. Biomed. Rep, 2016; 

4: 519–522.  

10.  David B, Wolfender JL, Dias DA. “The 

pharmaceutical industry and natural products: 

Historical status and new trends. Phytochem. Rev., 

2015; 4: 299–315. 

11. Doig AJ, Derreumaux P. “Inhibition of protein 

aggregation and amyloid formation by small 

molecules. Curr. Opin. Struct. Biol., 2015; 30: 50–

56.  

12. Baranello RJ, Bharani KL, Padmaraju  V, Chopra 

NK, Lahiri DH, et al. “Amyloid-Beta Protein 

Clearance and Degradation (ABCD) Pathways and 

their Role in Alzheimer‟s Disease”. Curr. Alzheimer 

Res., 2015; 12: 32–46. 

13. Morales I, Guzmán-Martínez L, Cerda-Troncoso C, 

Farías GA, Maccioni RB. “Neuroinflammation in 

the pathogenesis of Alzheimer‟s disease. A rational 

framework for the search of novel therapeutic 

approaches”. Front. Cell. Neurosci, 2014; 8: 112. 

14.  Huang X, Cuajungco MP, Atwood CS, Hartshorn 

MA, Tyndall JD, Hanson GR, et al .“Cu(II) 

potentiation of Alzheimer abeta neurotoxicity. 

Correlation with cell-free hydrogen peroxide 

production and metal reduction”. J. Biol. Chem, 

1999; 274: 37111–37116. 

15. Sharma AK, Pavlova ST, Kim J, Kim J, Mirica LM. 

“The effect of Cu2+ and Zn2+ on the A [small beta] 

42 peptide aggregation and cellular toxicity”. 

Metallomics, 2013; 5: 1529-1536. 

16. Holtzman DM, Morris JC, Goate AM, “Alzheimer‟s 

disease: the challenge of the second century”. Sci 

Transl, 2011; 3: 77. 

17. Reiman EM, Chen K, Alexander GE, Caselli RJ, 

Bandy D, Osborne D. “Correlations between 

apolipoprotein E epsilon4 gene dose and brain-

imaging measurements of regional hypo 

metabolism”. AcadSci. 2005; 102. 

18. Hebert LE, Scherr PA, McCann JJ, Beckett LA, 

Evans DA. “Is the risk of developing Alzheimer‟s 

disease greater for women than for men?” 

Epidemiol, 2001; 153: 155-158. 

19. Stern Y. “Cognitive reserve in ageing and 

Alzheimer‟s disease”. Neurol, 2012; 11: 100-116. 

20. Hampel H. “Current insights into the 

pathophysiology of Alzheimer‟s disease: selecting 

targets for early therapeutic intervention”. 

Psychogeriatr, 2012; 24: 10-17. 

21. Hardy J. “Has the amyloid cascade hypothesis for 

Alzheimer‟s disease been proved?” .Curr Alzheimer, 

2006; 3: 71-3. 

22. Hardy J. “The amyloid hypothesis for Alzheimer‟s 

disease: a critical reappraisal”.   Neurochem. 2009; 

110: 1129-34.  

23. Morris R, Mucke L. “Alzheimer‟s disease: a needle 

from the haystack”. Nature, 2006; 440: 284-5.  

24. Konstantina G, Yiannopoulou, Sokratis G, 

Papageorgiou. “Current and future treatment for 

Alzheimer‟s disease”. Neurol Disord. 2013; 6(1): 

19–33. 

25. Barten D, Albright C. “Therapeutic strategies for 

Alzheimer‟s disease”. Neurobiol. 2008; 37: 171–

186. 

26. Aisen P, Saumier D, Briand R, Laurin J, Gervais F, 

Tremblay P.“A phase II studies targeting amyloid-

beta with 3APS in mild-to-moderate Alzheimer 

disease”. Neurology, 2006; 67: 1757–1763. 

27. Albert JS. “Progress in the development of beta-

secretase inhibitors for Alzheimer‟s disease”. Prog 

Med Chem, 2009; 48: 133–361. 

28. Maher P, Fischer W, Liang Z, Soriano-Castell D, et 

al. “The value of herbarium collections to the 

discovery of novel treatments for Alzheimer‟s 

Disease”. Frontiers in Pharmacology, 2020; 11: 208. 

29. Kurt B, Ozleyen A, Antika G, Yilmaz YB, Tumer T 

B. “Multi target profiling of a StrigolactoneD 

analogue for early events of Alzheimer‟s disease: In 

Vitro therapeutic activities against 

Neuroinflammation”.  ACS Chemical Neuroscience, 

2020; 11(4): 501-507. 

30.  Gao N, Sun H, Dong K, Ren J, Duan T, et al. 

“Transition-metal-substituted polyoxometalate 

derivatives as functional anti-amyloid agents for 

Alzheimer‟s disease”. Nature Communications. 

2014; 3:1-7. 

31.  Kumar H,   Kim I,   More S V,    Kim
 
B , Choi D, 

“Natural product-derived pharmacological 

modulators of Nrf2/ARE pathway for chronic 

diseases”.Nat.Prod.Rep, 2014; 31: 109. 

32.  Murray AP,
 
 Faraoni MB, Castro M J, Alza N 

P, Cavallaro V. “Natural AChE Inhibitors from 

plants and their contribution to Alzheimer‟s Disease 

therapy”. Current Neuropharmacology, 2013; 11: 

388-413. 

33. Gao J,  Inagaki Y, Tang W. “Research progress on 

natural products from traditional Chinese medicine 

in treatment of Alzheimer's disease”. Drug 

Discoveries & Therapeutics, 2013; 7(2): 46-57. 

34. Habtemariam S. “Natural compounds against 

Alzheimer‟s disease: Molecular recognition of Ab1–

42 peptide by salvia sclareoides extract and its major 

component, Rosmarinic Acid, as investigated by 

NMR”.Int. J. Mol. Sci, 2018; 19(2): 458. 

35. Choi DY, Lee YJ, Hong JT, Lee HJ. “Antioxidant 

properties of natural polyphenols and their 

therapeutic potentials for Alzheimer‟s disease”. 

Brain Research Bulletin, 2012; 87: 144–153. 

36. Ballatore C, Brunden KR, Huryn DM, Trojanowski 

JQ, Lee VM, , et al. “Microtubule stabilizing agents 

as potential treatment for Alzheimer‟s disease and 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Yiannopoulou%20KG%5BAuthor%5D&cauthor=true&cauthor_uid=23277790
http://www.ncbi.nlm.nih.gov/pubmed/?term=Papageorgiou%20SG%5BAuthor%5D&cauthor=true&cauthor_uid=23277790
http://www.ncbi.nlm.nih.gov/pubmed/?term=Papageorgiou%20SG%5BAuthor%5D&cauthor=true&cauthor_uid=23277790
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3526946/
https://www.frontiersin.org/people/u/276422
https://www.frontiersin.org/people/u/211612
https://www.frontiersin.org/people/u/875695
https://www.nature.com/articles/ncomms4422#auth-1
https://www.nature.com/articles/ncomms4422#auth-2
https://www.nature.com/articles/ncomms4422#auth-3
https://www.nature.com/articles/ncomms4422#auth-4
https://www.nature.com/articles/ncomms4422#auth-5
https://pubs.rsc.org/en/results?searchtext=Author%3AHemant%20Kumar
https://pubs.rsc.org/en/results?searchtext=Author%3AIn-Su%20Kim
https://pubs.rsc.org/en/results?searchtext=Author%3ASandeep%20Vasant%20More
https://pubs.rsc.org/en/results?searchtext=Author%3AByung-Wook%20Kim
https://pubs.rsc.org/en/results?searchtext=Author%3ADong-Kug%20Choi
https://www.ncbi.nlm.nih.gov/pubmed/?term=Murray%20AP%5BAuthor%5D&cauthor=true&cauthor_uid=24381530
https://www.ncbi.nlm.nih.gov/pubmed/?term=Faraoni%20MB%5BAuthor%5D&cauthor=true&cauthor_uid=24381530
https://www.ncbi.nlm.nih.gov/pubmed/?term=Castro%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=24381530
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alza%20NP%5BAuthor%5D&cauthor=true&cauthor_uid=24381530
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cavallaro%20V%5BAuthor%5D&cauthor=true&cauthor_uid=24381530
https://www.semanticscholar.org/author/Yoshinori-Inagaki/49258500
https://www.semanticscholar.org/author/Wei-Tang/143775269
https://www.ncbi.nlm.nih.gov/pubmed/?term=Choi%20DY%5BAuthor%5D&cauthor=true&cauthor_uid=22155297
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20YJ%5BAuthor%5D&cauthor=true&cauthor_uid=22155297
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hong%20JT%5BAuthor%5D&cauthor=true&cauthor_uid=22155297
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20HJ%5BAuthor%5D&cauthor=true&cauthor_uid=22155297
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ballatore%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23020671
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brunden%20KR%5BAuthor%5D&cauthor=true&cauthor_uid=23020671
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huryn%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=23020671
https://www.ncbi.nlm.nih.gov/pubmed/?term=Trojanowski%20JQ%5BAuthor%5D&cauthor=true&cauthor_uid=23020671
https://www.ncbi.nlm.nih.gov/pubmed/?term=Trojanowski%20JQ%5BAuthor%5D&cauthor=true&cauthor_uid=23020671
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20VM%5BAuthor%5D&cauthor=true&cauthor_uid=23020671


www.wjpls.org 

 

119 

Diksha et al.                                                                                      World Journal of Pharmaceutical and Life Science  

related neurodegenerative”. J. Med. Chem, 2012; 

55(21): 8979-8996. 

37. Mancuso C, Siciliano R, Barone E, Preziosi P. 

“Natural substances and Alzheimer's disease: From 

preclinical studies to evidence based medicine”. 

Biochimica Biophysica Act, 2012; 1822: 616–624. 

38. Essa MM, Vijayan RK, Gonzalez CG, Memon MA, 

Braidy N, et al. “Neuroprotective effect of natural 

products against Alzheimer‟s Disease”. Neurochem 

Res., 2012; 37:1829–1842. 

39. Di Paolo G, Kim TW. “Linking lipids to 

Alzheimer‟s disease: Cholesterol and beyond”. 

Nature Reviews: Neuroscience, 2011; 12:384. 

40.  Ji HF, Shen L
. 
“Berberine: A potential multipotent 

natural product to combat Alzheimer‟s disease”. 

Molecules, 2011; 16: 6732-6740. 

41. Ferruzzi MG,
 
 Lobo J K,  Janle E M, Whittaker 

N, Cooper B, et al. “Bioavailability of gallic acid 

and catechins from grape seed polyphenol extract is 

improved by repeated dosing in rats: Implications 

for treatment in Alzheimer‟s disease”. Journal of 

Alzheimer‟s disease, 2009; 18: 113–124. 

42. Adams M
 

, Gmünder F, Hamburger M. “Plants 

traditionally used in age related brain disorders- A 

survey of ethnobotanical literature”. Journal of 

Ethnopharmacology, 2007; 113: 363–381. 

43. Filho JMB, Medeiros KCP, Diniz MFM, et al. 

“Natural products inhibitors of the enzyme 

acetylcholinesterase”. Brazilian Journal of 

Pharmacognosy, 2006; 16(2): 258-285. 

44. Akhondzadeh S, Noroozian M, Mohammadi M, 

Ohadinia S, et al. “Salvia Officinalis extract in the 

treatment of patients with mild to moderate 

Alzheimer‟s disease: a double blind, randomized 

and placebo-controlled trial”. Journal of Clinical 

Pharmacy and Therapeutics, 2003; 28: 53–59. 

45. Houghton PJ, Howes MJ. “Natural Products and 

Derivatives Affecting Neurotransmission Relevant 

to Alzheimer‟s and Parkinson‟s 

disease”.Neurosignals, 2005; 14: 6–22. 

46. Howes MJ, Perry NS, Houghton PJ. “Plants with 

traditional uses and activities, relevant to the 

management of Alzheimer‟s disease and other 

cognitive disorders”. Phytother. Res, 2003; 17: 1-18. 

47. Auddy B, Ferreira M, Blasina F, Lafon L, 

Arredondo F, et al. “Screening of antioxidant 

activity of three Indian medicinal plants, 

traditionally used for the management of 

neurodegenerative diseases”. Journal of 

Ethnopharmacology, 2003; 84: 131-138. 

48. Perez-Areales  FJ, Turcu AL, Barniol-Xicota M, 

Pont C, et al. “A novel class of multitarget anti-

Alzheimer benzohomoadamantane‒chlorotacrine 

hybrids modulating cholinesterases and glutamate 

NMDA receptors”. European Journal of Medicinal 

Chemistry, 2019; 180: 613-626. 

49. Abdallaa MM, Al-Omar MA, Al-Salahi RA, et al. 

“A new investigation for some steroidal derivatives 

as anti-Alzheimer agents”. International Journal of 

Biological Macromolecules, 2012; 51: 56–63. 

50. Aguilera OMB, Esteban G, Chioua M, Nikolic K, et 

al. “Multipotent cholinesterase/monoamine oxidase 

inhibitors for the treatment of Alzheimer‟s disease: 

Design, synthesis, biochemical evaluation, ADMET, 

molecular modeling, and QSAR analysis of novel 

Donepezil-pyridyl hybrids”. Drug Design, 

Development and Therapy, 2014; 8: 1893–1910. 

51. Al-Tel TH, Semreen MH, Al-Qawasmeh RA, 

Schmidt MF, et al. “Design, synthesis, and 

qualitative structure−activity evaluations of novel β-

secretase inhibitors as potential Alzheimer‟s drug 

Leads”. Journal of Medicinal Chemistry, 2011; 54: 

8373−8385. 

52. Annweiler C and Beauchet O. “Possibility of a new 

Anti-Alzheimer‟s Disease pharmaceutical 

composition combining Memantine and Vitamin D”. 

Drugs Aging, 2012; 29(2): 81-91. 

53. Bag S, Ghosh S, Tulsan R, Sood A, Zhou W, et al. 

“Design, synthesis and biological activity of 

multifunctional α,β-unsaturated carbonyl scaffolds 

for Alzheimer‟s disease”. Bioorganic Medicinal 

Chemistry Letters, 2013; 23: 2614–2618. 

54. Benchekroun M, Bartolini M, Egea J, Romero A, 

Soriano E, et al. “Novel tacrine-grafted ugi adducts 

as multipotent Anti-Alzheimer Drugs: A synthetic 

renewal in tacrine–ferulic acid hybrids”. Chem 

MedChem (In Press)  

55. Berg S, Bergh M, Hellberg S, Hogdin K, Lo-

Alfredsson Y, et al. “Discovery of novel potent and 

highly selective glycogen synthase kinase-3β 

(GSK3Β) inhibitors for Alzheimer‟s Disease: 

Design, synthesis, and characterization of 

pyrazines”. Journal of Medicinal Chemistry, 2012; 

55: 9107−9119. 

56. Bolea I, Juarez-Jimenez J, Rios CDL, Chioua M, 

Pouplana R, et al. “Synthesis, biological evaluation, 

and molecular modeling of Donepezil and N-[(5-

(Benzyloxy)-1-methyl-1H-indol-2-yl)methyl]-N-

methylprop-2-yn-1-amine hybrids as new 

multipotent cholinesterase/monoamine oxidase 

inhibitors for the treatment of Alzheimer‟s Disease”. 

Journal of Medicinal Chemistry, 2011; 54: 

8251−8270. 

57. Chaves S, Resta S, Rinaldo F, Costa M, Josselin R, 

et al. “Design, synthesis, and in vitro evaluation of 

hydroxybenzimidazole-donepezil analogues as 

multitarget-directed ligands for the treatment of 

Alzheimer‟s Disease”.  Molecules, 2020; 25: 985-

910. 

58. Costanzo P, Cariati L, Desiderio D, Sgammato R, 

Lamberti A, et al. “Design, synthesis, and evaluation 

of Donepezil-like compounds as AChE and BACE-1 

inhibitors”. ACS Medicinal Chemistry Letters, 

2016; 7(5): 470−475. 

59. Viegas FPD, Silva MDF, Rocha MDD, Castelli MS, 

Riquiel MM, et al. “Design, synthesis and 

pharmacological evaluation of N-benzylpiperidinyl-

aryl-acylhydrazone derivatives as Donepezil 

hybrids: Discovery of novel multi-target anti-

Alzheimer prototype drug candidates”. European 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Mancuso%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21939756
https://www.ncbi.nlm.nih.gov/pubmed/?term=Siciliano%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21939756
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barone%20E%5BAuthor%5D&cauthor=true&cauthor_uid=21939756
https://www.ncbi.nlm.nih.gov/pubmed/?term=Preziosi%20P%5BAuthor%5D&cauthor=true&cauthor_uid=21939756
https://www.ncbi.nlm.nih.gov/pubmed/?term=Di%20Paolo%20G%5BAuthor%5D&cauthor=true&cauthor_uid=21448224
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20TW%5BAuthor%5D&cauthor=true&cauthor_uid=21448224
https://sciprofiles.com/profile/1438
https://sciprofiles.com/profile/1642
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferruzzi%20MG%5BAuthor%5D&cauthor=true&cauthor_uid=19625746
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lobo%20JK%5BAuthor%5D&cauthor=true&cauthor_uid=19625746
https://www.ncbi.nlm.nih.gov/pubmed/?term=Janle%20EM%5BAuthor%5D&cauthor=true&cauthor_uid=19625746
https://www.ncbi.nlm.nih.gov/pubmed/?term=Whittaker%20N%5BAuthor%5D&cauthor=true&cauthor_uid=19625746
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cooper%20B%5BAuthor%5D&cauthor=true&cauthor_uid=19625746
https://www.ncbi.nlm.nih.gov/pubmed/?term=Adams%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17720341
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gm%C3%BCnder%20F%5BAuthor%5D&cauthor=true&cauthor_uid=17720341
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hamburger%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17720341
https://www.ncbi.nlm.nih.gov/pubmed/?term=Houghton%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=15956811
https://www.ncbi.nlm.nih.gov/pubmed/?term=Howes%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=15956811
https://www.ncbi.nlm.nih.gov/pubmed/?term=Howes%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=12557240
https://www.ncbi.nlm.nih.gov/pubmed/?term=Perry%20NS%5BAuthor%5D&cauthor=true&cauthor_uid=12557240
https://www.ncbi.nlm.nih.gov/pubmed/?term=Houghton%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=12557240


www.wjpls.org 

 

120 

Diksha et al.                                                                                      World Journal of Pharmaceutical and Life Science  

Journal of Medicinal Chemistry, 2018; (Accepted 

Manuscript). 

60. Fu Y, Mu Y, Lei H, Wang P, Li X, Leng Q, et al. 

“Design, synthesis and evaluation of novel tacrine-

ferulic acid hybrids as multifunctional drug 

candidates against Alzheimer‟s Disease”. Molecules, 

2016; 21: 1338-1348.  

61. Aliabadi A, Foroumadi A, Mohammadi-Farani A, 

Mahvar MG. “Synthesis and evaluation of anti-

acetylcholinesterase activity of 2-(2-(4-(2-Oxo-2-

phenylethyl) piperazin-1-yl) ethyl) isoindoline-1,3-

dione derivatives with potential Anti-Alzheimer 

effects”. Iranian Journal of Basic Medical Sciences, 

2013; 16(10): 1049-1054. 

62. Guo Y, Yang H, Huang Z, Tian S, Li Q, et al. 

“Design, synthesis, and evaluation of 

acetylcholinesterase and butyrylcholinesterase dual-

target inhibitors against Alzheimer‟s diseases”. 

Molecules, 2020; 25: 489-510. 

63. Boulguemh I-E, Beghidja A, Khattabi L, Long J, 

Beghidja C. “Monomeric and dimeric copper (II) 

complexes based on bidentateN'-(propan-2-ylidene) 

thiophenecarbohydrazideschiff base ligand: 

Synthesis, structure, magnetic properties, 

antioxidant and anti-Alzheimer activities”. 

Inorganica Chimica Acta. 2020; ICA 119519. 

Journal Pre-proofs. 

64. Cardoso B R, Roberts B R, Malpas C B, Vivash L, 

Genc S, et al. “Supranutritional Sodium Selenate 

Supplementation Delivers Selenium to the Central 

Nervous System: Results from a Randomized 

Controlled Pilot Trial in Alzheimer‟s Disease”.  

Neurotherapeutics, 2019; 16, 192-202. 

65. Garcia-Vazqueza R, Rebitskia EP, Viejob L, Riosb 

CDL , et al. “Clay-based hybrids for controlled 

release of 7-azaindole derivatives as neuroprotective 

drugs in the treatment of Alzheimer's disease”. 

Applied Clay Science, 2020; 189: 105541. 

66. Hou R, Han P, Liu Q, Xu G, Xu S, Chen T. “A new 

Zn(II)-coordination polymer based on m-

terphenylpentacarboxylic acid ligand for 

photocatalytic methylene blue degradation and 

protective effect against Alzheimer‟s disease by 

reducing the inflammatory response and oxidative 

stress in the nerve cells”. Arabian Journal of 

Chemistry, 2020; Article in press. 

67. Wiratpruk N, Noor A, McLean CA, Donnelly PS, 

Barnard PJ. “Charge neutral Rhenium tricarbonyl 

complexes of tridentate N-heterocyliccarbene 

ligands that bind to amyloid plaques of Alzheimer‟s 

disease”. (Accepted Manuscript). 

68. Zhao J, Liu X, Meng X, Gong L, Yan P, Zhang 

G. “A new Co(II)-based coordination polymer: 

crystal structure and treatment activity on 

Alzheimer‟s disease by reducing the accumulation 

of Aβ”. Inorganic and Nano-Metal Chemistry, 2020; 

423-428.  

69. Bicer N, Yildiza E, Yeganib AA, Aksu F. “Synthesis 

of curcumin complexes with iron(III) and 

manganese(II) and curcumin-iron(III) effects on 

Alzheimer's disease”. New Journal of Chemistry. 

(Accepted Manuscript), 

70. Gorantla NV, Balaraman E, Chinnathambi S. 

“Cobalt -based metal complexes prevent repeat Tau 

aggregation and nontoxic to neuronal cells”. 

International Journal of Biological Macromolecules. 

Journal Pre-proof. (Accepted Manuscript). 

71. Pavuluru N, Luo X. “The Investigation of Metal-ion 

Coordination to Amyloid-Beta and Potential 

Chelation Materials for the Treatment of 

Alzheimer‟s disease”. Peer J Preprints, 2019; 9: 1-

14. 

72. Nguyen M, Vendier L, Stigliani J, Meunier B, 

Robert A. “Structures of copper- and zinc-

complexes of PBT2, chelating agent evaluated as 

potential drug for neurodegenerative diseases”. 

European Journal of Inorganic Chemistry. (Accepted 

Manuscript) 

 


