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Background

Neurodegeneration is a unified term defining the hereditary and sporadic
conditions characterized by dysfunction of nervous system encompassing
gradual structural and functional aspects of neurons often leading to
death [1]. Alzheimer’s disease (AD) is renowned as the most prevalent
multifactorial neurodegenerative disorder (after Parkinson’s disease)
marked primarily with progressive decline in cognition and impairment
in memory [2]. AD is the main cause of dementia in more than 80% of
geriatric population and it is expected that the present number of 46.8
million persons in the world suffering from dementia will reach a height
of 74.7 million in 2030 and 131.5 million in 2050 [3]. Owing to the
dramatic increase in the population as the year and age progresses, AD
is often hired as life threatening as well as economic and social burden to
the health-care system.

AD is characterized by two major pathological remarks. Neuritic
plaques of amyloid- B (AP) peptide [4] and neurofibrillary tangles of
hyperphosphorylated tau proteins (Fig.1) [5].

Uncanny accumulation of B-amyloid (AP) peptide, a key component
of extracellular neuritic plaques, is one among the major responsible
factors for neuronal death in AD. Oligomeric AP (1-42) is considered
as highly toxic among the A species and AP (1-42)-induced oxidative
stress tightly floors the pathogenesis of AD [6]. AP peptide, is synthesized
from amyloid precursor protein (APP) catalyzed by enzymes-  and y -
secretase, of which B- secretase is considered as the rate limiting enzyme
and is also attributed to BACE1 protein in the brain [4,7]. Aging, diet and
metabolism, genetic and pathogenic alterations exist as contributors to
increase the amount of AP peptide and may occur through higher APP
expression, increased APP metabolism, decreased A catabolism, failure
in clearing of AP from the brain etc. [8]. Rather than insoluble deposits
of AP peptide soluble oligomeric AP peptide depositions are more toxic
and contribute to plaque formation responsible for enhanced neuronal
loss and cholinergic dysfunctions resulting impairments in learning and

memory (amnesia) [9,10].

The second lesion in AD brain is by Tau, a microtubule associated
protein, whose hyperphosphorylated form make polymers to assemble

in neurofibrillary tangles (NFT) [5]. Phosphorylation of Tau alters
microtubule assembly of brain by inhibiting polymerization of tubulin
into microtubules. Hyperphosphorylated Tau results in oligomerization
and aggregation leading to the formation of tangles in AD patients
[11]. Hyperphosphorylated Tau also gets misfolded in both synaptic
nerve terminals causing synaptic dysfunctions [12] contribute to
neurodegeneration and dementia. Besides AD, Tau exists as a prominent
factor in many additional neurodegenerative diseases as Taupathies [13].
Apart from these main causatives, AD is also contributed by mitochondrial
dysfunctions, oxidative stress, inflammatory responses, etc., ending upto
difficulties in social and personal living owing to minimal communication
(aphasia) and fraility to perform day-to-day activities (apraxia) and
defective sensory output (agnosias) [14,15] (Figure 2).

Dietary and lifestyle factors posit its own role in adding to the risk of
AD even though more research findings are yet to be unveiled to tighten
the floor. Studies report that consuming high calorie and high fat diets,
low education level and a sedentary lifestyle may increase the risk of AD
[16,17]. Studies on mouse models have also come up with the fact that low
dietary folate and homocysteine levels increase the risk of AD [17]. On
the other hand, regular physical exercise is found to be neuroprotective
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by promoting neurogenesis and hippocampal synaptic plasticity [18].
Smoking may also increase the risk of dementia, AD and impairment
in cognition by increasing oxidative stress and inflammatory responses
[19]. Studies exploring dietary interlinks between high cholesterol levels,
Type 2 diabetes mellitus, Mid-life obesity with risk progression of AD and
cognitive decline is highly vocal and makes platforms for future research
(8,20,21].
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Figure 1. Major pathological remarks of Alzheimer’s disease. Neuritic
plaques of amyloid- B (AP) peptide and neurofibrillary tangles of
hyperphosphorylated tau proteins forms the major pathological remarks
of AD. (Adapted from Dana MN et al., 2011)
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Figure 2: Causes and consequences of Alzheimer’s disease.
from R. N Kalaria et al., 2008 and Russo P et al., 2015).

CONSEQUENCES

(adapted

Counteragents of Alzheimer’s Disease: from Drugs to
Natural Resources

Ever since the discovery of first case of AD by Alois Alzheimer in 1906,
enormous researches and development efforts were taken for the upsurge
of effective treatment practices for this globalized disease. Cholinesterase
inhibitors - Tacrine, rivastigmine, donepezil, and galantamine and
N-methyl-D-aspartate (NMDA) receptor antagonist- memantine, were
the firstline drugs approved by the Food and Drug Administration (FDA)
recommended for the treatment of AD [22]. Apart from many reports
came up with disadvantages and side-effects while treating the old aged,
the drugs have no significant role in preventing disease progression but in
only ameliorating symptoms in limited number of people for limited time
[23]. Also, none of these drugs have proved to be effective in the treatment
of Mild Cognitive Impairment (MCI). MCI, defined as symptomatic
pre-dementia stage’ is often a fear in old people for progressing to
dementia, mainly AD dementia. Hence the studies targets this phase is
more important to disclose suitable interventions [24]. These ramparts
created a paucity in treating the disease for a while. Subsequently, current
science inclined to natural remedies as treatment strategies for AD which
were found beneficial without side-effects. Herbal compounds from
medicinal plants pioneered the series: extending from Murraya koenigii
(curry leaves) to Ginkgo biloba in inhibiting amyloid-beta aggregation
[10], curry leaves improving spatial memory and reducing brain Ap level
[25,26], isoflavones from soyabean and temph improving cholinergic
activities and reducing neuroinflammation in brain (27), reversal of
memory deficits by coriander leaves [28], managing cognitive functions
by Daucus carota [29], alleviation of cholinergic pathways, reduction of
oxidative stress thereby betterment of spatial memory by resveratrol found
in red grape skin [30] and improving memory and neuronal metabolism
in APPP-PS1 mouse model of Alzheimer’s disease by Amlakirasayana (a
preparation derived from Indian goose- berry (Emblica officinalis) fruit)
[31]- to highlight the list.

In parallel, bioactive compounds from marine resources in treating
AD were also unveiled. Bryostatin-1 (Bry-1) from the extract of
Bugulaneritina or brown bryozoans, Homotaurine from red marine
algae, Anhydroexfoliamycin from Streptomyces exfoliates, Gracilins from
Spongionella sp. and Rifampicin, previously known to be produced only
by soil actinobacteria Amycolatopsis is also synthesized in marine bacteria
Salinispora isolated from the marine sponge Pseudoceratinaclavata
[15]. According to preclinical studies, Bryostatin-lenhance learning
and memory in rats, mice, rabbits and nudibranch, reduce A levels in
monomeric AP -treated cells “in vitro” enhance synaptogenesis, leading
to recovery of cognitive deficits, regaining neurotrophic activity and
synapses loss and prevent neuronal apoptosis Bryostatin proves to be a
potential candidate for AD therapy and other forms of dementia [15]. A
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study report conducted in 10 MCI patients, it was observed that based
on its effects related to cortical GABA transmission, Homotaurine may
ameliorate the cholinergic transmission [32]. Anhydroexfoliamycin came
up with reducing tau phosphorylation in mice models [33]. Alzheimer’s
mice models treated with Gracilins shown improvement in learning and
memory in behavioral studies. Observations also clarified reduction
in AP 42 and hyperphosphorylation of tau protein [34]. Dictyostatin
from Spongia sp was found to exert Microtubule stabilization in mice
intraperitoneally administered with 5mg/kg [35]. Owing to the free
radical scavenging property and inhibition of AP fibrillar formation,
Rifampicine was expected for neuroprotection. But preclinical evidences
in AD patients gave discouraging results [34,35].

Awareness of exploiting marine compounds in hitting therapeutics were
rolled into the pipeline through the successful crowning of FDA/EMA-
approved drugs Cytarabine (from Cryptotethyacrypta), Trabectedin (from
Ecteinascidia turbinate) and Eribulinmesylate (from Halichodriaokadai)
as anticancer agents, and Ziconotide (from Conus magus)for treatment
of neuropathic pain [15,32]. Chemical complexity and natural scarcity
stay as barricades in synthesizing bioactive compounds from marine
environment. This could be overcome by proper maintenance of marine
environment and development of novel technologies for extraction,

purification and synthesis of bioactive compounds from marine resources.
Conclusion

Alzheimer’s disease is considered as social and economic burden to the
health care system devoid of any specific diagnostic step and treatment
strategies. Upcoming therapeutic interventions should really focus on
the key factors behind AD for reversing or preventing the same. Apart
from targeting the symptoms, treatments heading towards preventing
accumulation of AP peptide and clearance of neurofibrillary tangles will
be of utmost importance. Scientific research paving toward the credibility
and efficacy of dose and long-term drug supplementation is highly
demanding and challenging. People should be properly made aware to
encourage lifestyle factors and future research exploiting the possibility
of reducing dementia with physical activity oriented interventions will be
an arable field.

Acknowledgement

The authors deeply acknowledge Department of Health Research,
ICMR, New Delhi, India, for the encouragement and financial assistance
(No.R.12013/04/2017-HR) towards HRD fellowship-Women Scientist
with break in career to SL.

References

1. Mendez MF and McMurtray AM (2007) Neurodegenerative
Disorders. Encyclopedia of STRESS (Second Edition) Elsevier :840-
844.

2. Hampel H, Prvulovic D, Teipel S, Jessen F, Luckhaus C, et al. (2011)
“The future of Alzheimer’s disease: the next 10 years. Progress in
Neurobiology 95(4): 718-728.

3. World Alzheimer Report 2015.

4. Hardy J, Selkoe DJ (2002) The amyloid hypothesis of Alzheimer’s
disease: progress and problems on the road to therapeutics. Science
297(5580): 353-356.

5. Querfurth HW, LaFerla FM (2010) Alzheimer’s disease. N Engl J
Med 362(4): 329-344.

6. Pocernich CB, Lange ML, Sultana R, Butterfield DA (2011)
Nutritional approaches to modulate oxidative stress in Alzheimer’s
disease. Curr Alzheimer Res 8(5): 452-469.

7.  Vassar R, Bennett BD, Babu-Khan S, Kahn S, Mendiaz EA, et al.
(1999) Beta-secretase cleavage of Alzheimer’s amyloid precursor
protein by the transmembrane aspartic protease BACE. Science
286(5440): 735-741.

8. Niedowicz DM, Nelson PT, Murphy MP (2011) Alzheimer’s
Disease: Pathological Mechanisms and Recent Insights. Current
Neuropharmacology 9(4): 674-684.

9. Kayed R, Head E, Thompson JL, McIntire TM, Milton SC, et al.
(2003) Common structure of soluble amyloid oligomers implies

common mechanism of pathogenesis. Science 300(5618): 486-489.

10. Deshpande A, Mina E, Glabe C, Busciglio J (2006) Different
conformations of amyloid beta induce neurotoxicity by distinct
mechanisms in human cortical neurons. ] Neurosci 26(22): 6011-
6018.

11. Alonso A, Zaidi T, Novak M, Grundke-Igbal I, Igbal K (2001)
Hyperphosphorylation induces self-assembly of tau into tangles of
paired helical filaments/straight filaments. Proc Natl Acad Sci U S
A 98(12): 6923-6928.

12. Tai HC, Serrano-Pozo A, Hashimoto T, Frosch MP, Spires-Jones TL,
etal. (2012) The synaptic accumulation of hyperphosphorylated tau

oligomers in Alzheimer disease is associated with dysfunction

13. Ludolph AC, K,assubek J, Landwehrmeyer BG, Mandelkow E,
Mandelkow EM, et al. (2009) Tauopathies with parkinsonism:
clinical spectrum, neuropathologic basis, biological markers, and
treatment options. Eur ] Neurol 16(3): 297- 309.

Int. J Alzheimers & Neuro Disorder, an open access journal

Volume 1; Issue 1; 001


http://www.sciencedirect.com/science/article/pii/B9780123739476005754
http://www.sciencedirect.com/science/article/pii/B9780123739476005754
http://www.sciencedirect.com/science/article/pii/B9780123739476005754
https://www.ncbi.nlm.nih.gov/pubmed/22137045
https://www.ncbi.nlm.nih.gov/pubmed/22137045
https://www.ncbi.nlm.nih.gov/pubmed/22137045
http://www.alz.co.uk/research/WorldAlzheimerReport 2015.pdf
https://www.ncbi.nlm.nih.gov/pubmed/12130773
https://www.ncbi.nlm.nih.gov/pubmed/12130773
https://www.ncbi.nlm.nih.gov/pubmed/12130773
https://www.ncbi.nlm.nih.gov/pubmed/20107219
https://www.ncbi.nlm.nih.gov/pubmed/20107219
https://www.ncbi.nlm.nih.gov/pubmed/21605052
https://www.ncbi.nlm.nih.gov/pubmed/21605052
https://www.ncbi.nlm.nih.gov/pubmed/21605052
https://www.ncbi.nlm.nih.gov/pubmed/10531052
https://www.ncbi.nlm.nih.gov/pubmed/10531052
https://www.ncbi.nlm.nih.gov/pubmed/10531052
https://www.ncbi.nlm.nih.gov/pubmed/10531052
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3263461/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3263461/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3263461/
https://www.ncbi.nlm.nih.gov/pubmed/12702875
https://www.ncbi.nlm.nih.gov/pubmed/12702875
https://www.ncbi.nlm.nih.gov/pubmed/12702875
https://www.ncbi.nlm.nih.gov/pubmed/16738244
https://www.ncbi.nlm.nih.gov/pubmed/16738244
https://www.ncbi.nlm.nih.gov/pubmed/16738244
https://www.ncbi.nlm.nih.gov/pubmed/16738244
https://www.ncbi.nlm.nih.gov/pubmed/11381127
https://www.ncbi.nlm.nih.gov/pubmed/11381127
https://www.ncbi.nlm.nih.gov/pubmed/11381127
https://www.ncbi.nlm.nih.gov/pubmed/11381127
https://www.ncbi.nlm.nih.gov/pubmed/22867711
https://www.ncbi.nlm.nih.gov/pubmed/22867711
https://www.ncbi.nlm.nih.gov/pubmed/22867711
https://www.ncbi.nlm.nih.gov/pubmed/19364361
https://www.ncbi.nlm.nih.gov/pubmed/19364361
https://www.ncbi.nlm.nih.gov/pubmed/19364361
https://www.ncbi.nlm.nih.gov/pubmed/19364361

Citation: Sreeja Lakshmi and Preetham Elumalai (2018) Alzheimer’s Disease: Wrestles for Newtrack Counteragents.

Int. J Alzheimers & Neuro Disorder 1: 001.

Page 4 of 4

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Kalaria RN, Maestre GE, Arizaga R, Friedland RP, Galasko D, et al.
(2008) Alzheimer’s disease and vascular dementia in developing
countries: prevalence, management, and risk factors. The Lancet
Neurology 7(9): 812-826.

Russo P, Kisialiou A, Lamonaca P, Moroni R, Prinzi G, et al. (2015)
New Drugs from Marine Organisms in Alzheimer‘s Disease. Mar
Drugs 14(1): 5.

Mayeux R (2003) Epidemiology of neurodegeneration. Ann Rev
Neurosci 26: 81-104.

Mattson MP (2003) Gene-diet interactions in brain aging and
neurodegenerative disorders. Ann Intern Med 139: 441-444.

Reiman EM, Uecker A, Gonzalez-Lima F, Minear D, Chen K, et
al. (2000) Tracking Alzheimer’s disease in transgenic mice using
fluorodeoxyglucose autoradiography. Neuroreport 11(5): 987-991.

Durazzo TC, Mattsson N, Weiner MW (2014) Smoking and
increased Alzheimer’s risk: a review of potential mechanisms.
Alzheimers Dement 10(3 Suppl): S122-145.

Nelson PT, Smith CD, Abner EA, Schmitt FA, Scheff SW, et al.
(2009) Human cerebral neuropathology of Type 2 diabetes mellitus.
Biochim Biophys Acta 1792(5): 454-469.

Whitmer RA, Gunderson EP, Barrett-Connor E, Quesenberry CP Jr,
Yaffe K (2005) Obesity in middle age and future risk of dementia: a
27 year longitudinal population based study. BMJ 330(7504): 1360.

Potyk D (2005) Treatments for Alzheimer disease. South Med |
98(6): 628-635.

Colovic MB, Krstic DZ, Lazarevic-Pasti TD, Bondzic AM, Vasic
VM (2013) Acetylcholinesterase inhibitors: Pharmacology and
toxicology. Curr Neuropharmacol 11(3): 315-335.

Langa KM, Levine DA (2014) The diagnosis and management of
mild cognitive impairment: A clinical review. JAMA 312(23): 2551-
2561.

Bhandari PR (2012) Curry leaf (Murraya koenigii) or Cure leaf:
Review of its curate properties. Journal of Medical Nutrition &
Nutraceuticals 1(2): 92-97.

Luo Y, Smith JV, Paramasivam V, Burdick A, Curry KJ, et al. (2002)
Inhibition of amyloid-beta aggregation and caspase-3 activation
by the Ginkgo biloba extract EGb761. Proc Natl Acad Sci U S A
99(19):12197-12202.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Ahmad A, Ramasamy K, Jaafar SM, Majeed AB, Mani V (2014)
Total isoflavones from soybean and tempeh reversed scopolamine-
induced amnesia, improved cholinergic activities and reduced

neuroinflammation in brain. Food Chem Toxicol 65:120-128.

Mani V, Parle M, Ramasamy K, Abdul Majeed AB (2011)
Reversal of memory deficits by Coriandrum sativum leaves in
mice. Sci Food Agric 91(1): 186-192.

Vasudevan M, Parle M (2006) Pharmacological evidence for
the potential of Daucus carota in the management of cognitive
dysfunctions. Biol Pharm Bull 29(6): 1154-1161.

Karthick C, Periyasamy S, Jayachandran KS, Anusuyadevi M
(2016) Intrahippocampal Administration of Ibotenic Acid Induced
Cholinergic Dysfunction via NR2A/NR2B Expression: Implications
of Resveratrol against Alzheimer Disease Pathophysiology. Front
Mol Neurosci 9: 28.

Tiwari V, Saba K, Veeraiah P, Jose J, Lakhotia SC, et al. (2017)
Amalaki Rasayana improved memory and neuronal metabolic
activity in ABPP-PS1 mouse model of Alzheimer’s disease. Journal
of Biosciences 42(3): 363-371.

Martorana A, di Lorenzo F, Manenti G, Semprini R, Koch G (2014)
Homotaurine induces measurable changes of short latency afferent
inhibition in a group of mild cognitive impairment individuals.
Front Aging Neurosci 6: 254.

Leirés M, Alonso E, Rateb ME, Ebel R, Jaspars M, et al.
(2015) 'The

ameliorates hallmarks of Alzheimer's disease in vitro and in vivo.
Neuroscience 305: 26-35.

Streptomyces metabolite anhydroexfoliamycin

Yulug B, Hanoglu L, Kilic E, Schabitz WR (2014) RIFAMPICIN: An
antibiotic with brain protective function. Brain Res Bull 107: 37-42.

Loeb MB, Molloy DW, Smieja, M, Standish T, Goldsmith CH, et al.
(2004) A randomized, controlled trial of doxycycline and rifampin
for patients with Alzheimer’s disease. ] Am Geriatr Soc 52(3): 381-
387.

Gerwick WH, Moore BS (2012) Lessons from the past and charting
the future of marine natural products drug discovery and chemical
biology. Chem Biol 19(1): 85-98.

Int. J Alzheimers & Neuro Disorder, an open access journal

Volume 1; Issue 1; 001


https://www.ncbi.nlm.nih.gov/pubmed/18667359
https://www.ncbi.nlm.nih.gov/pubmed/18667359
https://www.ncbi.nlm.nih.gov/pubmed/18667359
https://www.ncbi.nlm.nih.gov/pubmed/18667359
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4728502/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4728502/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4728502/
https://www.ncbi.nlm.nih.gov/pubmed/12574495
https://www.ncbi.nlm.nih.gov/pubmed/12574495
https://www.ncbi.nlm.nih.gov/pubmed/12965973
https://www.ncbi.nlm.nih.gov/pubmed/12965973
https://www.ncbi.nlm.nih.gov/pubmed/10790869
https://www.ncbi.nlm.nih.gov/pubmed/10790869
https://www.ncbi.nlm.nih.gov/pubmed/10790869
https://www.ncbi.nlm.nih.gov/pubmed/24924665
https://www.ncbi.nlm.nih.gov/pubmed/24924665
https://www.ncbi.nlm.nih.gov/pubmed/24924665
https://www.ncbi.nlm.nih.gov/pubmed/18789386
https://www.ncbi.nlm.nih.gov/pubmed/18789386
https://www.ncbi.nlm.nih.gov/pubmed/18789386
https://www.ncbi.nlm.nih.gov/pubmed/15863436
https://www.ncbi.nlm.nih.gov/pubmed/15863436
https://www.ncbi.nlm.nih.gov/pubmed/15863436
https://www.ncbi.nlm.nih.gov/pubmed/16004170
https://www.ncbi.nlm.nih.gov/pubmed/16004170
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3648782/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3648782/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3648782/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4269302/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4269302/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4269302/
http://www.jmnn.org/article.asp?issn=2278-1870;year=2012;volume=1;issue=2;spage=92;epage=97;aulast=Bhandari
http://www.jmnn.org/article.asp?issn=2278-1870;year=2012;volume=1;issue=2;spage=92;epage=97;aulast=Bhandari
http://www.jmnn.org/article.asp?issn=2278-1870;year=2012;volume=1;issue=2;spage=92;epage=97;aulast=Bhandari
https://www.ncbi.nlm.nih.gov/pubmed/12213959
https://www.ncbi.nlm.nih.gov/pubmed/12213959
https://www.ncbi.nlm.nih.gov/pubmed/12213959
https://www.ncbi.nlm.nih.gov/pubmed/12213959
https://www.ncbi.nlm.nih.gov/pubmed/24373829
https://www.ncbi.nlm.nih.gov/pubmed/24373829
https://www.ncbi.nlm.nih.gov/pubmed/24373829
https://www.ncbi.nlm.nih.gov/pubmed/24373829
https://www.ncbi.nlm.nih.gov/pubmed/20848667
https://www.ncbi.nlm.nih.gov/pubmed/20848667
https://www.ncbi.nlm.nih.gov/pubmed/20848667
https://www.ncbi.nlm.nih.gov/pubmed/16755009
https://www.ncbi.nlm.nih.gov/pubmed/16755009
https://www.ncbi.nlm.nih.gov/pubmed/16755009
https://www.ncbi.nlm.nih.gov/pubmed/27199654
https://www.ncbi.nlm.nih.gov/pubmed/27199654
https://www.ncbi.nlm.nih.gov/pubmed/27199654
https://www.ncbi.nlm.nih.gov/pubmed/27199654
https://www.ncbi.nlm.nih.gov/pubmed/27199654
https://link.springer.com/article/10.1007/s12038-017-9692-7
https://link.springer.com/article/10.1007/s12038-017-9692-7
https://link.springer.com/article/10.1007/s12038-017-9692-7
https://link.springer.com/article/10.1007/s12038-017-9692-7
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4172065/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4172065/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4172065/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4172065/
https://www.ncbi.nlm.nih.gov/pubmed/26247694
https://www.ncbi.nlm.nih.gov/pubmed/26247694
https://www.ncbi.nlm.nih.gov/pubmed/26247694
https://www.ncbi.nlm.nih.gov/pubmed/26247694
https://www.ncbi.nlm.nih.gov/pubmed/24905548
https://www.ncbi.nlm.nih.gov/pubmed/24905548
https://www.ncbi.nlm.nih.gov/pubmed/14962152
https://www.ncbi.nlm.nih.gov/pubmed/14962152
https://www.ncbi.nlm.nih.gov/pubmed/14962152
https://www.ncbi.nlm.nih.gov/pubmed/14962152
https://www.ncbi.nlm.nih.gov/pubmed/22284357
https://www.ncbi.nlm.nih.gov/pubmed/22284357
https://www.ncbi.nlm.nih.gov/pubmed/22284357

