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Abstract 
Aim: In this review paper we propose a method to make an early diagnosis of 
the Alzheimer’s Disease (AD), the most common form of neurodegenerative 
dementia. Background: Glymphatic System (GS) is the main means of eli-
minating waste substances in the central nervous system (CNS); if it does not 
work properly, waste substances accumulate in CNS until to cause AD. Basal 
Forebrain is the most important component of a much broader system of 
cholinergic cells distributed throughout the Central Nervous System (CNS). 
This structure regulates attention, learning and memory and its destruction is 
considered responsible for the cognitive AD alterations. The characteristics of 
AD patients, that interest us most, are the lack of Acetylcholine, and the Orexin 
excess; we think that the hypothalamus produces more Orexin to stimulate 
cholinergic cells, indispensable for a correct CNS functioning. We want to 
identify these patients by detecting the Orexin excess. Early Diagnosis Model. 
Of course we could take a cerebrospinal fluid sample and dose Orexin but 
this method is risky and painful for the patient’s health, therefore unsuitable 
for large numbers of patients. We propose a fairly simple method for the ear-
ly diagnosis of AD: if we temporarily eliminate the Orexin excess, with Dual 
Orexin Receptor Antagonist (DORA), i.e. Suvorexant, we can intercept the 
Orexin increase and demonstrate the decrease in Acetylcholine with a Func-
tional Magnetic Resonance or a Polysomnography, many years before the AD 
symptoms occur. 
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1. Background 

Alzheimer’s Disease (AD) is the most common form of degenerative dementia 
[1], characterized by widespread neuron destruction, a sharp decrease in Ace-
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tylcholine in patients’ brain, and the accumulation of a protein called beta-amyloid 
(βA) in the extracellular environment and of anomalously phosphorylated Tau 
protein, within neurons. Especially important in AD are the Basal Forebrain Cho-
linergic (BFC) neurons, whose destruction is considered the main cause of the pa-
tients’ memoryloss. We know that the genetic mutations responsible for the ge-
netic forms of AD often interfere with the correct function of the main cleaning 
mean of our Central Nervous System(CNS), and the Glimphatic System (GS) [2] 
[3] [4]. We think that this happens in the sporadic forms of AD, also, for other 
reasons, which often involve the breaking of the Blood-Brain-Barrier integrity, 
above all, aging [5]. 

2. The CNS Clearance and the Glymphatic System 

The waste products, deriving from the cellular activity of neurons, are partly 
eliminated within the same cells by intracellular clearance mechanisms; the sub-
stances that are not eliminated inside the neurons, are expelled in the extracellu-
lar matrix and eliminated through the Glymphatic System, the main instrument 
for removing extracellular waste substances in the CNS [6]. 

3. Intracellular Clearance Mechanisms 

The main AD genetic alterations slow the clearance mechanisms that, within 
neurons, are performed by the Ubiquitin-Proteasome System (UPS) or by auto-
phagy, a process by which superfluous or potentially dangerous cytoplasmic ma-
terial is delivered to lysosomes for degradation. We know three types of auto-
phagy: 
 Microautophagy, in which the cytosolic material is directly engulfed by lyso-

some invaginations. 
 Chaperone-Mediated Autophagy (CMA), in which chaperone proteins lead 

the waste to the lysosome. 
 Macroautophagy (autophagic-lysosomal network or ALN), which involves 

the seizure of cytosolic material in autophagosomes that provide their con-
tent to lysosomes for digestion [7] [8] [9]. 

The laboratory findings show that in Alzheimer’s Disease, UPS, CMA and 
ALN, are compromised, often due to gene alterations in APOE4, PS1, PS2, APP, 
PICALM, TREM2, among the main recognized genes responsible for Alzheimer 
cases [10]. 

Naturally the substances not removed by the endocellular mechanisms are 
expelled by neurons, in the extracellular environment. 

4. Extracellular Clearance Mechanism: Glymphatic System 

The main tool for removing extracellular waste substances is Glymphatic System 
[2] [3] [4] [6]. The clearance of soluble proteins, waste products and extracellu-
lar fluid excess is achieved through the convective flow of the interstitial fluid, 
facilitated by the presence of channels called aquaporins (AQP), located in the 
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astrocyte membrane [11], which play acrucial role in water flow regulation in 
and out of cells. AQPs facilitate cell’s water permeability up to 30 times [12]. The 
main AQP types, expressed in the CNS, are: aquaporin-1 (AQP1), which is ex-
pressed by the epithelial cells of the choroid plexus, and aquaporin-4 (AQP4), 
which is expressed by astrocytes [13] [14]. 

The AQP4 in astrocytes is present above all in their terminal processes (end 
feet) that cover the encephalic vessels. Up to 50% of the surface of these feet is 
occupied by AQP4 [11] and the glinfatic system is critically based on astrocytic 
AQP4. 

Deficiencies in this pathway have been shown to contribute to AD, and a pe-
rivascular AQP4 reduced number is associated with AD diagnosis and pathology 
[15]. 

In case of glinfatic system deficiency, the clearance of the β-amyloid protein is 
altered [16] and thus that of Adenosine, present above all in the Basal Forebrain 
(BF) [17]. The key factor in the GS functioning, therefore in the pathogenesis of 
AD, is sleep. GS works up to 60% better during sleep and especially during the 
N3 phase of NREM (deeper sleep) [18]. Several studies have indicated that li-
mited sleep increases the level of β-amyloid and of Tau protein neurofibrillary 
tangles [19] [20] [21]. 

Sleep Deprivation (SD) simulates what can happen as a result of some factors, 
such astrauma, stress and, above all, aging, which can alter the control of the 
endoplasmicreticulum on protein quality and lead to an “Unfolding Protein Re-
sponse” (UPR), which causes the production of “Misfolding” proteins, i.e. poorly 
aggregated and hyperphosphory [22]. In SD, adenosine levels are greatly in-
creased (+140%) in the cholinergic BF; adenosine, a small purine molecule that 
constitutes the central element of adenosine triphosphate (ATP), the main ener-
gy source of all our cells, including neurons. 

This molecule is produced everywhere, in the CNS, but accumulates only in 
the basal Forebrain [23], where it inhibits cholinergic neurons by stimulating its 
A1 receptors; this induces drowsiness and reduces the waking state [24]. 

The Glymphatic system also plays an important role in the transport of extra-
synaptic glutamate excess, which, if not eliminated, can cause excitotoxicity, 
perhaps the most important cause of neuron loss in AD. Some drugs (e.g. me-
mantine) are effective (but not decisive) in the AD care [21]. 

The GS may encounter difficulties in functioning following Traumatic Brain 
Injury [25], in Depression [26], following general anesthesia [27], in Diabetes 
[28], following Stroke [29] and above all with the aging [30]. In all these cases 
there would be substance accumulation, both in the extracellular and in the intra-
cellular environment. 

5. Neurotransmitters 

A clearance system that does not function optimally will, above all, penalize the 
cells with high activity. Therefore, the cells of ARAS nuclei, which perform many 
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functions, even the most disparate, must present a remarkable metabolism. In 
fact, in addition to the Tau and Aβ proteins in AD, some of the most important 
neurotransmitters (NT) in our body, such as Serotonin, Norepinephrine, Hista-
mine and Dopamine and above all Acetylcholine are involved (reduced in quan-
tity) [31] [32] [33] [34] [35]. 

Orexin (OX) is an exception: the number of orexinergic neurons decreases 
with age [36], but the Orexin concentration in CSF of AD patients is increased 
[37] [38] [39] [40] [41]. 

6. Basal Forebrain Cholinergic System 

It constitutes the most important component of a much broader system of cho-
linergic cells distributed throughout the CNS, from the rostral portions of the 
Striato until, caudally, to the spinal motor neurons. This structure regulates 
phenomena such as attention, learning and memory and is implicated in the 
cognitive alterations present in different neurological pathologies such as AD. 
BFC neurons also project towards the preoptic nuclei (VLPO and MnPO) and 
Tubero Mammillari (TMN) of the Hypothalamus and, through these projec-
tions, participate in wake/sleep modulation [42] [43]. Cholinergic neurons present 
many Adenosine receptors [44]. 

7. Orexin 

The cellular bodies of neurons expressing the orexin/hypocretin neuropeptides, 
present only in the lateral hypothalamus and in the contiguous perifornical area, 
provide diffuse projections towards the basal forebrain which increase the cor-
tical Acetylcholine release [45] [46] [47]. Orexin has a strong and direct excita-
tory effect on BFC neurons, contributes to cortical activation associated with 
wakefulness [48] [49], more than all the other NTs that promote wakefulness 
[50] [51] and works in concert with cholinergic ones [48] [52]. 

8. Discussion, Pathogenetic Hypothesis and Early Diagnosis  
Model 

If the GS does not work well, as with aging, diabetes, lack of sleep etc., at the 
Basal Forebrain level, there is an increase in adenosine, which inhibits choliner-
gic cells. Acetylcholine production is expected to decrease but the hypothalamus 
produces more Orexin and stimulates the remaining cholinergic cells to produce 
enough Acetylcholine to make CNS work properly. When the cholinergic cells 
number decreases too much, the AD symptoms begin. Orexin determines the 
vigil and there is a sleep mechanism alteration with daytime sleepiness, due to 
the excess of Adenosine and nocturnal vigil, caused by the excess of Orexina. 
The GS becomes less and less effective causing a further Acetylcholine deficien-
cy, in a vicious circle that leads to the AD. Adenosine, β-Amyloid and TAU pro-
tein are not disposed of by the glymphatic system and accumulate: this causes 
further loss of BFC, the Ach decreases further and the OX increases further: the 
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AD. Thus, in AD, while many neurons die and all other ARAS Neurotransmit-
ters decrease in quantity, the OX increases and we can use this detail for an early 
diagnosis. The OX increase is a very important fact because it causes an accelera-
tion of the neurodegeneration (due to sleep loss) and is AD specific. This is 
probably the reason for which AD is the main neurodegenerative disease, and we 
can use this increase to make an early diagnosis of the disease. The orexinergic 
“compensation” of Ach deficiency can mask the disease for years but could allow 
us to intervene for an early diagnosis. 

Early Diagnosis Model: Of course we could take a cerebro-spinal fluid sample 
and dose Orexin but this method is risky and painful for the patient’s health, 
therefore unsuitable for large numbers of patients. 

Hanazawa T and Kamijo Y [53] have administered suvorexant to four AD pa-
tients, all four patients with nocturnal delirium successfully fell asleep rapidly, 
suggesting that the resolution of delirium may be related to the effects of suvo-
rexant on sleep dysregulation. In all four cases, suvorexant drastically resolved 
delirium symptoms and improved their sleep. The nocturnal delirium recurred 
almost immediately following the discontinuation of suvorexant. The effect of 
suvorexant on nocturnal delirium was thus suggested to be reproducible. The 
medical history of these patients, showed a progressive and gradual decline in 
cognitive function, neuroimaging results including computed tomography of the 
brain, cognitive tests, and laboratory data all satisfied the DSM-5 criteria for AD 
with a high level of evidence. The administration of suvorexant for the purpose 
of managing nocturnal delirium, in several elderly patients with dementias other 
than AD, had no effects at all. Then the administration of suvorexant allows us a 
differential diagnosis between AD and other similar neurodegenerative diseases 
[53]. We know that the orexin, besides being important for the maintenance of 
wakefulness, is fundamental for the stabilization of the wakefulness-sleep switch 
[54]; and we also know that nocturnal delirium depends on Acetylcholine defi-
ciency [55] [56] [57] [58] [59] and that by administering an anticholinergic we 
can cause hallucinations and delirium (Atum M, 2020), while, with the adminis-
tering an acetylcholinesterase inhibitor, which increases the amount of Acetyl-
choline, we can stop these hallucinations and delirium [60]. So if we administer 
a Dual Orexin Receptor Antagonist (DORA) and the delirium ceases it means 
that this patient has Ach deficiency and, of course, excess of Orexina. DORA 
eliminates the excess of Orexina and the patient sleeps: hallucinations and deli-
rium are due to the complex: too much Orexina, that does not make the patient 
sleep and little Acetylcholine, which, during insomnia, causes delirium. During 
sleep (NREM sleep) it is normal, however, that there is little Acetylcholine. If we 
administer a DORA, to an awake patient, the effects of Orexin will be zeroand, if 
that patient is an asymptomatic Mild Cognitive Impairment, the Ach will show 
its real levels, low. We can administer a DORA to the suspect patient and per-
form an instrumental check: e.g. a Functional Magnetic Resonance Imaging 
(fMR). If the BFC does not have a sufficient amount of Acetylcholine its O2 con-
sumption will be significantly reduced and we will see it in the neuroimaging 
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that will present signs of impaired hippocampus function and of other CC areas, 
particularly related to cholinergic innervations. In case of doubt we can perform 
the same analysis, after a few time, without DORA and compare the two results 
[61]. Furthermore, in the AD patient, the DORA administration will increase 
both the amount of total sleep and the NREM [62] [63]. REM sleep, instead, will 
decrease, both in quantity (time) both, above all, in quality, due to the inability 
of BFC cells to support it, proportionally to the gravity of the situation, with 
disappearance of posterior dominant alpha rhythm and the diffuse slowing in 
EEG, specifically a reduction of power in the alpha (8 - 15 Hz) and beta (16 - 31 
Hz) bands and an increase in the theta (4 - 8 Hz) and delta (0.5 - 4 Hz) bands 
[64] [65]. This because the BFC system, which is impaired in Alzheimer’s dis-
ease, is more crucial for the activation of REM sleep EEG than it is for wakeful-
ness 110 - 120 [66] [67]. The phenomena related to sleep, in AD, are very early 
and present for the entire duration of the disease [68] [69]. We could make a 
first Polysomnographic (PSG) check on the “suspect patient”, evaluate the vari-
ous parameters and above all the quantity and quality of the REM. Perform a 
second PSG after DORA administration to the patient and rechecking the values 
obtained, especially the REM, again [64] [65] [67] [70]. If we administer DORA 
during waking state and subject the patient to AD tests (Mini Mental State Ex-
amination, Clock Drawing Test etc.) its performance will be poor, similar to 
those of a patient frankly AD or MCI, Finally, to be sure of the diagnosis we can 
make more invasive examinations (e.g. Cerebrospinal Fluid control). 

After making a diagnosis, as early as possible, we must first try to investigate 
the possible causes: ageing, genetics, diabetes, depression, stroke, etc. and try to 
intervene on these. We must try to restore optimal functioning of the Glym-
phatic System by acting on the lifestyle, especially with regard to the quantity 
and quality of sleep. The use of drugs such as Suvorexant itself which [71], by 
eliminating the effect of OX excess will improve sleep and, therefore the function 
of the Glymphatic system, and also some antihistamines such as Pitolisant, an 
H3 receptor agonist/inverse antagonist of histamine, which has been shown to 
be effective in AD, probably improving sleep [72]. We can improve the action of 
Ach with cholinesterase inhibitors (if Ach increases, less Ox will be produced 
and sleep will improve [73]. All this will improve the clearance made by the 
Glymphatic System which will reduce the amount of Aβ, Tau etc. taking care, in 
fact, of the causes of the AD. Furthermore, the patient can keep himself con-
stantly under control by monitoring his sleep.  

The ethiopathogenetic AD model we presented is very simple and shared by 
many other authors: the cleaning system (GS) in our CNS does not work prop-
erly and the waste accumulates. There is a great loss of neurons, especially of 
cholinergic ones, while the Orexin production increases. Despite many similari-
ties, the increase in Orexin is not present in other neurodegenerative diseases. 
We can demonstrate the decrease of Acetylcholine by eliminating the excess of 
Orexina with specific drugs and make an early diagnosis, even many years before 
the symptoms of this disease, Alzheimer’s, appear. 
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9. Conclusion 

We strongly believe in the pathophysiological model we propose because it ex-
plains many characteristics of this disease, but if it were wrong, the system for 
early diagnosis, that we have devised, would work anyway. The administration 
of Suvorexant, in asymptomatic patients, allows us an early diagnosis, a differen-
tial diagnosis and a more targeted therapy, both with Suvorexant itself and with 
cholinesterase inhibitor drugs. This model of early diagnosis is not invasive; it is 
very simple, very fast and to our knowledge; there are no better ones. 

Funding 

This paper was not funded. 

Conflicts of Interest 

The authors have no affiliations or financial involvement with any organization 
or entity with a financial interest in or conflict with the subject matter or mate-
rials discussed in this manuscript. 

The undersigned, Dr. Giovanni Andrisaniand Dr. GiorgiaAndrisani, declare 
that we have no conflict of interest. 

References 
[1] Brookmeyer, R., Gray, S. and Kawas, C. (1998) Projections of Alzheimer’s Disease 

in the United States and the Public Health Impact of Delaying Disease Onset. Ameri-
can Journal of Public Health, 88, 1337-1342.  
https://doi.org/10.2105/AJPH.88.9.1337 

[2] Jessen, N.A., Munk, A.S., Lundgaard, I. and Nedergaard, M. (2015) The Glymphatic 
System: A Beginner’s Guide. Neurochemical Research, 40, 2583-2599.  
https://doi.org/10.1007/s11064-015-1581-6 

[3] Plog, B.A. and Nedergaard, M. (2018) The Glymphatic System in Central Nervous 
System Health and Disease: Past, Present, and Future. Annual Review of Pathology, 
13, 379-394. https://doi.org/10.1146/annurev-pathol-051217-111018 

[4] Louveau, A., et al. (2015) Structural and Functional Features of Central Nervous 
System Lymphatic Vessels. Nature, 523, 337-341.  
https://doi.org/10.1038/nature14432 

[5] Brown, M.K., Chan, M.T., Zimmerman, J.E., et al. (2014) Aging Induced Endop-
lasmic Reticulum Stress Alters Sleep and Sleep Homeostasis. Neurobiology of Ag-
ing, 35, 1431-1441. https://doi.org/10.1016/j.neurobiolaging.2013.12.005 

[6] Louveau, A., Plog, B.A., Antila, S., et al. (2017) Understanding the Functions and Re-
lationships of the Glymphatic System and Meningeal Lymphatics. Journal of Clini-
cal Investigation, 127, 3210-3219. https://doi.org/10.1172/JCI90603 

[7] Kobayashi, S. (2015) Choose Delicately and Reuse Adequately: The Newly Revealed 
Process of Autophagy. Biological and Pharmaceutical Bulletin, 38, 1098-1103.  
https://doi.org/10.1248/bpb.b15-00096 

[8] Glick, D., Barth, S. and Macleod, K.F. (2010) Autophagy: Cellular and Molecular 
Mechanisms. The Journal of Pathology, 221, 3-12.  
https://doi.org/10.1002/path.2697 

[9] Bandyopadhyay, U., Kaushik, S., Varticovski, L. and Cuervo, A.M. (2008) The Cha-

https://doi.org/10.4236/aad.2020.93003
https://doi.org/10.2105/AJPH.88.9.1337
https://doi.org/10.1007/s11064-015-1581-6
https://doi.org/10.1146/annurev-pathol-051217-111018
https://doi.org/10.1038/nature14432
https://doi.org/10.1016/j.neurobiolaging.2013.12.005
https://doi.org/10.1172/JCI90603
https://doi.org/10.1248/bpb.b15-00096
https://doi.org/10.1002/path.2697


A. Giovanni, A. Giorgia 
 

 

DOI: 10.4236/aad.2020.93003 40 Advances in Alzheimer’s Disease 
 

perone-Mediated Autophagy Receptor Organizes in Dynamic Protein Complexes at 
the Lysosomal Membrane. Molecular and Cellular Biology, 28, 5747-5763.  
https://doi.org/10.1128/MCB.02070-07 

[10] Boland, B., Yu, W.H., Corti, O., et al. (2018) Promoting the Clearance of Neurotoxic 
Proteins in Neurodegenerative Disorders of Ageing. Nature Reviews Drug Discov-
ery, 17, 660-688. https://doi.org/10.1038/nrd.2018.109 

[11] Amiry-Moghaddam, M. and Ottersen, O.P. (2003) The Molecular Basis of Water 
Transport in the Brain. Nature Reviews Neuroscience, 4, 991-1001.  
https://doi.org/10.1038/nrn1252 

[12] Verkman, A.S. and Mitra, A.K. (2000) Structure and Function of Aquaporin Water 
Channels. American Journal of Physiology-Renal Physiology, 278, F13-F28.  
https://doi.org/10.1152/ajprenal.2000.278.1.F13 

[13] Yool, A.J. (2007) Aquaporins: Multiple Roles in the Central Nervous System. Neu-
roscientist, 13, 470-485. https://doi.org/10.1177/1073858407303081 

[14] Verkman, A.S., Binder, D.K., Bloch, O., et al. (2006) Three Distinct Roles of Aqua-
porin-4 in Brain Function Revealed by Knockout Mice. Biochimica et Biophysica 
Acta, 1758, 1085-1093. https://doi.org/10.1016/j.bbamem.2006.02.018 

[15] Simon, M.J., Wang, M.X., Murchison, C.F., et al. (2018) Transcriptional Network 
Analysis of Human Astrocytic End-Foot Genes Reveals Region-Specific Associa-
tions with Dementia Status and Tau Pathology. Scientific Reports, 8, Article No. 
12389. https://doi.org/10.1038/s41598-018-30779-x 

[16] Mawuenyega, K.G., Sigurdson, W., Ovod, V., et al. (2010) Decreased Clearance of 
CNS Betaamyloid in Alzheimer’s Disease. Science, 330, 1774.  
https://doi.org/10.1126/science.1197623 

[17] Stockwell, J., Jakova, E. and Cayabyab, F.S. (2017) Adenosine A1 and A2A Recep-
tors in the Brain: Current Research and Their Role in Neurodegeneration. Mole-
cules, 22, pii: E676. https://doi.org/10.3390/molecules22040676 

[18] Rasmussen, M.K., Mestre, H. and Nedergaard, M. (2018) The Glymphatic Pathway 
in Neurological Disorders. The Lancet Neurology, 17, 1016-1024.  
https://doi.org/10.1016/S1474-4422(18)30318-1 

[19] Holth, J.K., Fritschi, S.K., Wang, C., et al. (2019) The Sleep-Wake Cycle Regulates 
Brain Interstitial Fluid Tau in Mice and CSF Tau in Humans. Science, 363, 880-884.  
https://doi.org/10.1126/science.aav2546 

[20] Ju, Y.S., Ooms, S.J., Sutphen, C., et al. (2017) Slow Wave Sleep Disruption Increases 
Cerebrospinal Fluid Amyloid-β Levels. Brain, 140, 2104-2111.  
https://doi.org/10.1093/brain/awx148 

[21] Martínez-Frailes, C., Di Lauro, C., Bianchi, C., et al. (2019) Amyloid Peptide Induced 
Neuroinflammation Increases the P2X7 Receptor Expression in Microglial Cells, 
Impacting on Its Functionality. Frontiers in Cellular Neuroscience, 13, 143.  
https://doi.org/10.3389/fncel.2019.00143 

[22] Xiang, C., Wang, Y., Zhang, H. and Han, F. (2017) The Role of Endoplasmic Reti-
culum Stress in Neurodegenerative Disease. Apoptosis, 22, 1-26.  
https://doi.org/10.1007/s10495-016-1296-4 

[23] Porkka-Heiskanen, T., Strecker, R.E. and McCarley, R.W. (2000) Brain Site Speci-
ficity of Extracellular Adenosine Concentration Changes during Sleep Deprivation 
and Spontaneous Sleep: An in Vivo Microdialysis Study. Neuroscience, 99, 507-517.  
https://doi.org/10.1016/S0306-4522(00)00220-7 

[24] Benington, J.H. and Heller, H.C. (1995) Restoration of Brain Energy Metabolism as 

https://doi.org/10.4236/aad.2020.93003
https://doi.org/10.1128/MCB.02070-07
https://doi.org/10.1038/nrd.2018.109
https://doi.org/10.1038/nrn1252
https://doi.org/10.1152/ajprenal.2000.278.1.F13
https://doi.org/10.1177/1073858407303081
https://doi.org/10.1016/j.bbamem.2006.02.018
https://doi.org/10.1038/s41598-018-30779-x
https://doi.org/10.1126/science.1197623
https://doi.org/10.3390/molecules22040676
https://doi.org/10.1016/S1474-4422(18)30318-1
https://doi.org/10.1126/science.aav2546
https://doi.org/10.1093/brain/awx148
https://doi.org/10.3389/fncel.2019.00143
https://doi.org/10.1007/s10495-016-1296-4
https://doi.org/10.1016/S0306-4522(00)00220-7


A. Giovanni, A. Giorgia 
 

 

DOI: 10.4236/aad.2020.93003 41 Advances in Alzheimer’s Disease 
 

the Function of Sleep. Progress in Neurobiology, 45, 347-360.  
https://doi.org/10.1016/0301-0082(94)00057-O 

[25] Sullan, M.J., Asken, B.M., Jaffee, M.S., DeKosky, S.T. and Bauer, R.M. (2018) 
Glymphaticsystem Disruption as a Mediator of Brain Trauma and Chronic Trau-
matic Encephalopathy. Neuroscience & Biobehavioral Reviews, 84, 316-324.  
https://doi.org/10.1016/j.neubiorev.2017.08.016 

[26] Xia, M., Yang, L., Sun, G., Qi, S. and Li, B. (2017) Mechanism of Depression as a 
Risk Factor in the Development of Alzheimer’s Disease: The Function of AQP4 and 
the Glymphatic System. Psychopharmacology (Berl.), 234, 365-379.  
https://doi.org/10.1007/s00213-016-4473-9 

[27] Zuo, C.L., Wang, C.M., Liu, J., et al. (2018) Isoflurane Anesthesia in Aged Mice and 
Effects of A1 Adenosine Receptors on Cognitive Impairment. CNS Neuroscience & 
Therapeutics, 24, 212-221. https://doi.org/10.1111/cns.12794 

[28] Kim, Y.-K., Il Nam, K. and Song, J. (2018) The Glymphatic System in Diabetes-Induced 
Dementia. Frontiers in Neurology, 9, 867. 

[29] Vijayan, M. and Reddy, P.H. (2016) Stroke, Vascular Dementia, and Alzheimer’s 
Disease: Molecular Links. Journal of Alzheimer’s Disease, 54, 427-443. 

[30] Kress, B.T., Iliff, J.J., Xia, M., et al. (2014) Impairment of Paravascular Clearance 
Pathways in the Aging Brain. Annals of Neurology, 76, 845-861.  
https://doi.org/10.1002/ana.24271 

[31] Hampel, H., Mesulam, M.M., Cuello, A.C., et al. (2019) Revisiting the Cholinergic 
Hypothesis in Alzheimer’s Disease: Emerging Evidence from Translational and 
Clinical Research. The Journal of Prevention of Alzheimer’s Disease, 6, 2-15. 

[32] Chakraborty, S., Lennon, J.C., Malkaram, S.A., et al. (2017) Serotonergic System, 
Cognition, and BPSD in Alzheimer’s Disease. Acta Neuropathologica Communica-
tions, 5, 8. 

[33] Kelly, S.C., He, B., Perez, S.E., Ginsberg, S.D., Mufson, E.J. and Counts, S.E. (2019) 
Locus Coeruleus Cellular and Molecular Pathology during the Progression of Alz-
heimer’s Disease. Neuroscience Letters, 704, 36-44. 

[34] Zlomuzica, A., Dere, D., Binder, S., et al. (2016) Neuronal Histamine and Cognitive 
Symptoms in Alzheimer’s Disease. Neuropharmacology, 106, 135-145.  
https://doi.org/10.1016/j.neuropharm.2015.05.007 

[35] Martorana, A., et al. (2009) Dopamine Modulates Cholinergic Cortical Excitability 
in Alzheimer’s Disease Patients. Neuropsychopharmacology, 34, 2323-2328.  
https://doi.org/10.1038/npp.2009.60 

[36] Sakurai, T., Mieda, M. and Tsujino, N. (2010) The Orexin System: Roles in Sleep/Wake 
Regulation. Annals of the New York Academy of Sciences, 1200, 149-161.  
https://doi.org/10.1111/j.1749-6632.2010.05513.x 

[37] Malkki, H. (2014) Alzheimer Disease: Increased Orexin Level Correlates with Sleep 
Disruption and Cognitive Decline in Alzheimer Disease. Nature Reviews Neurology, 
10, 672. https://doi.org/10.1038/nrneurol.2014.209 

[38] Ferini-Strambi, L. (2014) Possible Role of Orexin in the Pathogenesis of Alzheimer 
Disease. JAMA Neurology, 71, 1478-1480.  
https://doi.org/10.1001/jamaneurol.2014.2819 

[39] Roh, J.H., et al. (2014) Potential Role of Orexin and Sleep Modulation in the Patho-
genesis of Alzheimer’s Disease. Journal of Experimental Medicine, 211, 2487-2496. 

[40] Liguori, C., et al. (2014) Orexinergic System Dysregulation, Sleep Impairment, and 
Cognitive Decline in Alzheimer Disease. JAMA Neurology, 71, 1498-1505.  

https://doi.org/10.4236/aad.2020.93003
https://doi.org/10.1016/0301-0082(94)00057-O
https://doi.org/10.1016/j.neubiorev.2017.08.016
https://doi.org/10.1007/s00213-016-4473-9
https://doi.org/10.1111/cns.12794
https://doi.org/10.1002/ana.24271
https://doi.org/10.1016/j.neuropharm.2015.05.007
https://doi.org/10.1038/npp.2009.60
https://doi.org/10.1111/j.1749-6632.2010.05513.x
https://doi.org/10.1038/nrneurol.2014.209
https://doi.org/10.1001/jamaneurol.2014.2819


A. Giovanni, A. Giorgia 
 

 

DOI: 10.4236/aad.2020.93003 42 Advances in Alzheimer’s Disease 
 

https://doi.org/10.1001/jamaneurol.2014.2510 

[41] Strac, D.S., Muck-Seler, D. and Pivac, N. (2015) Neurotransmitter Measures in the 
Cerebrospinal Fluid of Patients with Alzheimer’s Disease: A Review. Psychiatria 
Danubina, 27, 14-24. 

[42] Zhang, Y., Yu, T., Liu, Y., Qian, K. and Yu, B.W. (2015) Muscarinic M1 Receptors 
Regulate Propofol Modulation of GABAergic Transmission in Rat Ventrolateral 
Preoptic Neurons. Journal of Molecular Neuroscience, 55, 830-835.  
https://doi.org/10.1007/s12031-014-0435-z 

[43] Luppi, P.H. and Fort, P. (2018) Neuroanatomical and Neurochemical Bases of 
Vigilance States. Handbook of Experimental Pharmacology, 253, 35-58. 

[44] Radnikow, G. and Feldmeyer, D. (2018) Layer- and Cell Type-Specific Modulation 
of Excitatory Neuronal Activity in the Neocortex. Frontiers in Neuroanatomy, 12, 1.  
https://doi.org/10.3389/fnana.2018.00001 

[45] Fadel, J. and Burk, J.A. (2010) Orexin/Hypocretin Modulation of the Basal Fore-
brain Cholinergic System: Role in Attention. Brain Research, 1314, 112-123.  
https://doi.org/10.1016/j.brainres.2009.08.046 

[46] Fadel, J., Pasumarthi, R. and Reznikov, L.R. (2005) Stimulation of Cortical Acetyl-
choline Release by Orexin A. Neuroscience, 130, 541-547.  
https://doi.org/10.1016/j.neuroscience.2004.09.050 

[47] Villano, I., et al. (2017) Basal Forebrain Cholinergic System and Orexin Neurons: 
Effects on Attention. Frontiers in Behavioral Neuroscience, 11, 10.  
https://doi.org/10.3389/fnbeh.2017.00010 

[48] Eggermann, E., et al. (2001) Orexins/Hypocretins Excite Basal Forebrain Choliner-
gic Neurones. Neuroscience, 108, 177-181.  
https://doi.org/10.1016/S0306-4522(01)00512-7 

[49] Calva, C.B., Fayyaz, H. and Fadel, J.R. (2018) Increased Acetylcholine and Gluta-
mate Efflux in the Prefrontal Cortex Following Intranasal Orexin-A (Hypocretin-1). 
Journal of Neurochemistry, 145, 232-244. https://doi.org/10.1111/jnc.14279 

[50] Schöne, C. and Burdakov, D. (2017) Orexin/Hypocretin and Organizing Principles 
for a Diversity of Wake-Promoting Neurons in the Brain. Current Topics in Beha-
vioral Neurosciences, 33, 51-74. https://doi.org/10.1007/7854_2016_45 

[51] Agostinelli, L.J., et al. (2017) Descending Projections from the Basal Forebrain to 
the Orexin Neurons in Mice. The Journal of Comparative Neurology, 525, 1668-1684.  
https://doi.org/10.1002/cne.24158 

[52] Ferrari, L.L., Park, D., Zhu, L., et al. (2018) Regulation of Lateral Hypothalamic Orex-
in Activity by Local GABAergic Neurons. Journal of Neuroscience, 38, 1588-1599.  
https://doi.org/10.1523/JNEUROSCI.1925-17.2017 

[53] Hanazawa, T. and Kamijo, Y. (2019) Effect of Suvorexant on Nocturnal Delirium in 
Elderly Patients with Alzheimer’s Disease: A Case-Series Study. Clinical Psycho-
pharmacology and Neuroscience, 17, 547-550.  
https://doi.org/10.9758/cpn.2019.17.4.547 

[54] Saper, C.B., Chou, T.C. and Scammell, T.E. (2001) The Sleep Switch: Hypothalamic 
Control of Sleep and Wakefulness. Trends in Neurosciences, 24, 726-731.  
https://doi.org/10.1016/S0166-2236(00)02002-6 

[55] Hshieh, T.T., Fong, T.G., Marcantonio, E.R. and Inouye, S.K. (2008) Cholinergic 
Deficiency Hypothesis in Delirium: A Synthesis of Current Evidence. The Journals 
of Gerontology. Series A, Biological Sciences and Medical Sciences, 63, 764-772.  
https://doi.org/10.1093/gerona/63.7.764 

https://doi.org/10.4236/aad.2020.93003
https://doi.org/10.1001/jamaneurol.2014.2510
https://doi.org/10.1007/s12031-014-0435-z
https://doi.org/10.3389/fnana.2018.00001
https://doi.org/10.1016/j.brainres.2009.08.046
https://doi.org/10.1016/j.neuroscience.2004.09.050
https://doi.org/10.3389/fnbeh.2017.00010
https://doi.org/10.1016/S0306-4522(01)00512-7
https://doi.org/10.1111/jnc.14279
https://doi.org/10.1007/7854_2016_45
https://doi.org/10.1002/cne.24158
https://doi.org/10.1523/JNEUROSCI.1925-17.2017
https://doi.org/10.9758/cpn.2019.17.4.547
https://doi.org/10.1016/S0166-2236(00)02002-6
https://doi.org/10.1093/gerona/63.7.764


A. Giovanni, A. Giorgia 
 

 

DOI: 10.4236/aad.2020.93003 43 Advances in Alzheimer’s Disease 
 

[56] Maldonado, J.R. (2013) Neuropathogenesis of Delirium: Review of Current Etiolog-
ic Theories and Common Pathways. American Journal of Geriatric Psychiatry, 21, 
1190-1222. https://doi.org/10.1016/j.jagp.2013.09.005 

[57] Maldonado, J.R. (2018) Delirium Pathophysiology: An Updated Hypothesis of the 
Etiology of Acute Brain Failure. International Journal of Geriatric Psychiatry, 33, 
1428-1457. https://doi.org/10.1002/gps.4823 

[58] Kitajima, Y., Hori, K., Konishi, K., Tani, M., et al. (2015) A Review of the Role of 
Anticholinergic Activity in Lewy Body Disease and Delirium. Neurodegenerative 
Diseases, 15, 162-167. https://doi.org/10.1159/000381522 

[59] Perry, E.K. and Perry, R.H. (1995) Acetylcholine and Hallucinations: Disease-Related 
Compared to Drug-Induced Alterations in Human Consciousness. Brain and Cog-
nition, 28, 240-258. https://doi.org/10.1006/brcg.1995.1255 

[60] Atum, M., Çelik, E. and Alagöz, G. (2020) Delirium Due to the Use of Topical Cyc-
lopentolate Hydrochloride. Ideggyogy Sz, 73, 51-52.  
https://doi.org/10.18071/isz.73.0051 

[61] Uslaner, J.M., Herring, W.J. and Coleman, P.J. (2020) The Discovery of Suvorexant: 
Lessons Learned That Can Be Applied to Other CNS Drug Development Efforts. 
ACS Pharmacology & Translational Science, 3, 161-168.  
https://doi.org/10.1021/acsptsci.9b00110 

[62] Pase, M.P., Himali, J.J., Grima, N.A., et al. (2017) Sleep Architecture and the Risk of 
Incident Dementia in the Community. Neurology, 89, 1244-1250.  
https://doi.org/10.1212/WNL.0000000000004373 

[63] Kim, D.D. (2018) Reader Response: Sleep Architecture and the Risk of Incident 
Dementia in the Community. Neurology, 90, 486.  
https://doi.org/10.1212/WNL.0000000000005049 

[64] Malek, N., Baker, M.R., Mann, C. and Greene, J. (2017) Electroencephalographic 
Markers in Dementia. Acta Neurologica Scandinavica, 135, 388-393.  
https://doi.org/10.1111/ane.12638 

[65] Musaeus, C.S., Engedal, K., Høgh, P., et al. (2018) EEG Theta Power Is an Early 
Marker of Cognitive Decline in Dementia Due to Alzheimer’s Disease. Journal of 
Alzheimer’s Disease, 64, 1359-1371. https://doi.org/10.3233/JAD-180300 

[66] Brayet, P., Petit, D., Frauscher, B., et al. (2016) Quantitative EEG of Rapid-Eye- 
Movement Sleep: A Marker of Amnestic Mild Cognitive Impairment. Clinical EEG 
and Neuroscience, 47, 134-141. https://doi.org/10.1177/1550059415603050 

[67] Liguori, C., et al. (2016) Rapid Eye Movement Sleep Disruption and Sleep Frag-
mentation Are Associated with Increased Orexin-A Cerebrospinal-Fluid Levels in 
Mild Cognitive Impairment Due to Alzheimer’s Disease. Neurobiology of Aging, 
40, 120-126. https://doi.org/10.1016/j.neurobiolaging.2016.01.007 

[68] Colby-Milley, J., et al. (2015) Sleep-Wake Cycle Dysfunction in the TgCRND8 
Mouse Model of Alzheimer’s Disease: From Early to Advanced Pathological Stages. 
PLoS ONE, 10, e0130177. https://doi.org/10.1371/journal.pone.0130177 

[69] Halassa, M.M., et al. (2009) Astrocytic Modulation of Sleep Homeostasis and Cog-
nitive Consequences of Sleep Loss. Neuron, 61, 213-219.  
https://doi.org/10.1016/j.neuron.2008.11.024 

[70] Zhang, F., Zhong, R., Li, S., et al. (2019) Alteration in Sleep Architecture and Elec-
troencephalogram as an Early Sign of Alzheimer’s Disease Preceding the Disease 
Pathology and Cognitive Decline. Alzheimer’s & Dementia, pii: S1552-5260(18)33621-5. 

[71] Zhou, F., Yan, X.D., Wang, C., et al. (2020) Suvorexant Ameliorates Cognitive Im-

https://doi.org/10.4236/aad.2020.93003
https://doi.org/10.1016/j.jagp.2013.09.005
https://doi.org/10.1002/gps.4823
https://doi.org/10.1159/000381522
https://doi.org/10.1006/brcg.1995.1255
https://doi.org/10.18071/isz.73.0051
https://doi.org/10.1021/acsptsci.9b00110
https://doi.org/10.1212/WNL.0000000000004373
https://doi.org/10.1212/WNL.0000000000005049
https://doi.org/10.1111/ane.12638
https://doi.org/10.3233/JAD-180300
https://doi.org/10.1177/1550059415603050
https://doi.org/10.1016/j.neurobiolaging.2016.01.007
https://doi.org/10.1371/journal.pone.0130177
https://doi.org/10.1016/j.neuron.2008.11.024


A. Giovanni, A. Giorgia 
 

 

DOI: 10.4236/aad.2020.93003 44 Advances in Alzheimer’s Disease 
 

pairments and Pathology in APP/PS1 Transgenic Mice. Neurobiology of Aging, pii: 
S0197-4580(20)30053-1. https://doi.org/10.1016/j.neurobiolaging.2020.02.020 

[72] Alachkar, A., Łażewska, D., Kieć-Kononowicz, K. and Sadek, B. (2017) The Hista-
mine H3 Receptor Antagonist E159 Reverses Memory Deficits Induced by Dizocil-
pine in Passive Avoidance and Novel Object Recognition Paradigm in Rats. Fron-
tiers in Pharmacology, 8, 709. https://doi.org/10.3389/fphar.2017.00709 

[73] Cooke, J.R., Loredo, J.S., Liu, L., et al. (2006) Acetylcholinesterase Inhibitors and 
Sleep Architecturein Patients with Alzheimer’s Disease. Drugs Aging, 23, 503-511.  
https://doi.org/10.2165/00002512-200623060-00005  

https://doi.org/10.4236/aad.2020.93003
https://doi.org/10.1016/j.neurobiolaging.2020.02.020
https://doi.org/10.3389/fphar.2017.00709
https://doi.org/10.2165/00002512-200623060-00005


A. Giovanni, A. Giorgia 
 

 

DOI: 10.4236/aad.2020.93003 45 Advances in Alzheimer’s Disease 
 

List of Abbreviations 

5-ht—Serotonin  
A1—Adenosine 1 
Ach—Acetylcholine 
AD—Alzheimer’s Disease 
AGP—Aquaporin 
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