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Abstract

Interests in amyloid beta oligomers and their relevance to mechanisms for 
toxic amyloid beta species has accelerated with effects on neuronal apoptosis in 
Alzheimer’s disease. Unhealthy diets that accelerate amyloidogenic pathways 
may involve lipids such as palmitic acid and cholesterol that promote hydrophobic 
self association reactions with amyloid beta aggregation in the brain. These 
diets corrupt membrane amyloid beta homeostasis and determine neuron 
senescence and the aging process. Amyloid beta oligomers generated by cell 
membrane cholesterol and phospholipids interact with acute phase reactants 
that determine the benign or toxic amyloid beta conformational states. In yeast 
amyloid beta oligomers have different toxicities and are relevant to human 
amyloid beta oligomers in the brain. In mammalian cells the dynamic nature of 
the amyloid beta oligomer states may be altered by bacterial lipopolysaccharides 
that involve membrane amphiphilic and charge polarization. Lipopolysaccarides 
partition in cell membranes and its interaction with apolipoprotein E corrupts the 
peripheral amyloid beta metabolism with effects on toxic amyloid beta generation 
in the brain with relevance to neurodegeneration and Alzheimer’s disease. The 
role of atherogenic diets involve dysregulation of peripheral lipopolysaccharide 
metabolism with effects on apolipoprotein E/amyloid beta and albumin/amyloid 
beta interactions associated with increased lipopolysaccharides in brain cells 
that determine neuroinflammation with relevance to toxic amyloid beta behaviour 
and memory disorders.
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Introduction
Healthy diets such as low fat and high fibre diets [1] that prevent 

metabolic diseases and neurodegeneration and have become of 
critical interest to the prevention of Alzheimer’s disease (AD) a 
neurodegenerative condition that involves disturbances in multiple 
higher brain functions that include cognition and memory. The main 
constituent of senile plaques associated with AD is amyloid beta 
(Aβ) [2] that is a proteolytic product of the larger amyloid precursor 
protein (APP). APP is cleaved by three proteases classified as α, β and 
γ secretases in neurons with formation of Aβ by a two step process 
that involves the β-site cleaving enzyme (BACE) and the γ secretases. 
Intracellular cholesterol levels determine the increased production of 
Aβ 40 and Aβ 42 species [3,4] from APP with early stages of cholesterol 
involved in the altered apolipoprotein E (apo E) and Aβ interaction 
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with the acceleration of amyloidogenesis [5]. Most proteins fold into 
their native structure with few intermediate structures that become 
toxic to cells. The understanding of Aβ and protein folding has 
increased with the ability of the peptide to self associate and determine 
the benign or toxic Aβ states that promote brain Aβ aggregation [6]. 
The Aβ self association properties in mouse and man differ [5] and 
similarities between yeast and mammalian cells in toxic Aβ oligomer 
species have been shown [7,8]. The aggregation of Aβ involves the 
electrostatic nature of oligomeric amyloid assemblies that leads to Aβ 
plaque with extensive brain pathology. In man unhealthy diets have 
attracted interest and determine the benign or toxic amyloid beta 
oligomers that involve abnormal apoE cell membrane interactions 
with neuronal death.

Healthy diets that contain unsaturated fat, fruit and fish (omega-3) 
are associated with the reversal of non alcoholic liver disease (NAFLD) 
with the prevention of accelerated brain ageing [9-13]. High fibre diets 
that contain phytosterols are important to lower brain membrane 
cholesterol [1] and promote Aβ metabolism by the liver with the 
prevention of oligomeric Aβ species generation in the brain. In aging 
and neurodegeneration healthy diets that protect neurons early in life 
have become important with the regulation of neuronal cholesterol 
by phytosterols that reduce increased Aβ production and its ability 
to self-associate with Aβ aggregation [1]. Low carbohydrate diets and 
diets without xenobiotics [14] improve the rapid transport of Aβ from 
the brain to the liver with the prevention of early neurodegeneration. 
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Healthy diets further improve drug therapy (statins) by the up 
regulation of the low density lipoprotein (LDL) receptor that lower 
brain cholesterol and oligomers with effects on the reverse transport 
of Aβ across the blood brain barrier to the periphery (peripheral sink 
abeta hypothesis).

Unhealthy diets that include high protein intake, high fat and high 
sugar diets have been associated with circadian imbalances and AD 
[11,15]. Low fat diets improve the circadian rhythm and also lower 
the absorption of lipophilic xenobiotics that may enter the CNS and 
promote circadian disturbances and neurodegeneration [14]. Interest 
in low calorie diets have increased in the developing and developed 
world with activation of the calorie sensitive anti-aging gene Sirtuin 
1 (Sirt 1), a nicotinamide dependent protein deacetylase that is 
involved in brain neuron proliferation [16], circadian rhythm and 
Aβ metabolism [11]. Unhealthy diets that contain excess fatty acids 
(palmitic acid) and glucose down regulate Sirt 1 with the development 
of NAFLD and AD. The role of nutrigenomics and metabolic health 
have become central to the treatment of AD with nutritional therapy 
involved in the activation of genes such as Sirt 1[12] involved in brain 
neuron cholesterol and the early stages of amyloidogenesis. Reduction 
in food intake and increased consumption of Sirt 1 activators such 
as leucine and pyruvic acid reverse the effects of unhealthy diets 
associated with toxic Aβ states and Aβ aggregation [11].

Neuroinflammation has now become closely linked to AD with 
unhealthy diets associated with an increase in acute phase reactants 
and cytokines in the blood plasma [5,17]. The links between acute 
phase proteins (APP) that prevent toxic Aβ generation are now 
linked to abnormalities in various cholesterol containing lipoproteins 
such as LDL and high density lipoproteins (HDL). Interests in food 
restriction and fasting that leads to the reduced transport of fat from 
the intestine to the plasma and liver has increased with relevance 
to reducing the detrimental effects of bacterial lipopolysacchardies 
(LPS) that are endotoxins released from the outer layer of gram 
negative bacteria in the gut [17,18] that are responsible for cholesterol 
dyshomeostasis and inflammatory acute phase reactants associated 
with α-synuclein and Aβ aggregation [17,18]. Diets and foods (high 
fat, dairy, meat) that contain gram negative bacteria produce LPS 
have now become of critical importance to organ disease in global 
communities [19] with connections between nutrient metabolism, 
dyslipidemia and amyloidosis. Diets that contain high fat, protein and 
carbohydrates delay the clearance of plasma LPS and the Aβ peptide 
with the possible induction of NAFLD and AD [20,21]. NAFLD in 
obese and diabetic individuals delays LPS clearance that provokes a 
strong inflammatory immune response with risk for endotoxemia 
with altered apo E regulated amyloidosis. Therefore the amount and 
nature of food eaten is connected to plasma LPS levels with relevance 
to the accelerated aging process that is linked to defective HDL 
cholesterol metabolism and toxic Aβ oligomer generation involved 
with memory disorders and brain amyloidosis.

LPS effects on apo E and albumin levels are associated 
with amyloid beta oligomer metabolism

The understanding of the role of the peripheral sink Aβ hypothesis 
in AD implicates LPS of central importance in the determination 
of lipoprotein metabolism, phospholipid transfer protein (PLTP) 
activity that involve lipoprotein/membrane cholesterol efflux and the 
role of various APP involved in Aβ aggregation (Figure 1). LPS are 

endotoxins and essential components of the outer membrane of gram 
negative bacteria and consist of covalently linked segments, surface 
carbohydrate polymer, core oligosaccharide and acylated glycolipid 
that can bind to cell membranes to alter membrane interactions 
[17]. Experiments in yeast that involve endocytic Aβ trafficking 
with toxic Aβ oligomer species generation [7,8,22] are different to 
Aβ metabolism in mammalian cells with the recent involvement of 
bacterial LPS that regulates mammalian cell membrane cholesterol 
and Aβ oligomer metabolism [17]. In obese and diabetic individuals 
the increased LPS levels are involved in the neutralization of apo E 
mediated hepatic clearance of abeta [5,17,19].

LPS regulate interactions between APP and Aβ oligomers and APP 
include gelsolin, serum amyloid protein A, serum amyloid protein, 
C-reactive protein, clusterin and transthyretin [17]. The plasma also 
include APP such as transferrin [23], albumin [23], phospholipid 
transfer protein (PLTP) [24,25] and LPS binding protein (LBP) [26] 
with albumin and transferrin closely associated with the peripheral 
Aβ metabolism [11,12,27-29]. Furthermore LPS and inflammation 
have shown to reduce the release of albumin [30,31] from the liver 
with effects on albumin mediated fatty acid transport [32] with 
plasma albumin (Figure 1) important to brain Aβ aggregation [28-
30]. In contrast to suppression of hepatic albumin by LPS the APP are 
involved with binding and inhibition of LPS mediated inflammatory 
processes [33].

LPS effects on ATP binding cassette transporter 1 (ABCA1) 
membrane cholesterol efflux may involve corruption of apo E-ABCA1 
mediated cholesterol efflux [34,35] with effects on cholesterol 
mediated amyloidosis (Figure 1). The role of apo E is intimately 
involved in ABCA1 mediated cholesterol efflux by activation of 
PLTP activity [10]. PLTP is central to hepatic ABCA1 mediated 
cholesterol efflux [36,37] to HDL with apolipoprotein B lipoprotein 
secretion [38] associated with LPS transport. PLTP is involved in 
vitamin E, phospholipid and Aβ transport in cell membranes [39-

Figure 1: The effect of bacterial LPS on peripheral amyloid beta metabolism 
involves abnormal cell membrane amyloid beta interactions with the promotion 
of non-brownian amyloid beta-amyloid beta dynamics. 1. Toxic amyloid beta 
oligomer species generation in mammalian cells is stimulated by bacterial 
LPS that neutralizes the apo E mediated clearance and albumin mediated 
clearance of peripheral abeta. 2. LPS increases acute phase proteins (APP) 
in plasma with the abnormal regulation of peripheral abeta metabolism. 3. 
LPS effects on membrane cholesterol efflux may involve corruption of apo 
E-ABCA1 mediated cholesterol efflux with effects on cholesterol mediated 
amyloidosis. 4. LPS and PLTP are involved in vitamin E, phospholipid and 
amyloid beta transport in cell membranes with PLTP mediated transport of 
bacterial LPS that determines membrane vitamin E content and amyloid beta 
hydrophobic self association.
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44] with PLTP mediated transport of bacterial LPS [45-50] that 
partitions in membranes and determines membrane vitamin E 
content and monomeric Aβ hydrophobic self association (Figure 1) 
with toxic Aβ generation [23,51]. In obese and diabetic plasma the 
elevated LPS levels may closely be involved with APP regulation and 
toxic Aβ intermediates (non-brownian dynamics) associated with 
dyslipidemia and NAFLD in these individuals [17,19,20]. Acute 
phase reactants such as PLTP (Mwt 78 kda) and LBP (Mwt 65 kda) 
belong to a common gene family for lipid binding proteins with 
both proteins associated with albumin in the LPS transport between 
lipoproteins and hepatic cell membranes [52-54]. Increased levels 
of vitamin E administration in rats prevent LPS mediated hepatic 
damage [55] with facilitation of peripheral abeta clearance.

Alpha-synuclein binding to cholesterol membranes in 
mammalian cells regulates membrane cholesterol homeostasis 
and is linked to LPS and delayed Aβ oligomer metabolism [18]. 
In yeast alpha-synuclein prevents toxic abeta species generation 
[8] with the yeast alpha synuclein and Aβ interaction independent 
from inflammatory processes from LPS on Aβ oligomer generation 
as in mammalian cells [17]. In yeast apart from ergosterol [22] and 
mammalian cells (cholesterol) the alpha synuclein modification of 
Aβ oligomer is also regulated by other membrane lipids [18] with 
relevance to alpha synuclein and lipid involvement in benign and 
toxic oligomer Aβ dynamics in mammalian cells.

LPS induces inflammation and dyslipidemia with 
increased risk for NAFLD and amyloidosis

In AD the low HDL are associated with the increased risk for 
neurodegeneration and amyloidosis. Increased LPS and elevated 
PLTP levels in obese and diabetic individuals may be responsible 
for inflammation and the dyslipidemia [10] with low HDL, high 
LDL levels and increased triglyceride levels relevant to increased 
risk for AD [10]. Furthermore lipoproteins have been shown to be 
essential for the receptor mediated endocytosis of LPS in both the 
liver, macrophages and artery wall [17,19,56]. Connections between 
dyslipidemia and poor LPS clearance (Figure 2) are related to the 
induction of NAFLD by LPS and relevant to increased intestinal 
transport of LPS to the plasma and liver [20]. Increased dietary fat 
and chylomicron production has been closely connected to increased 
plasma LPS levels [56] with the development of NAFLD [11] and 
cardiovascular disease [57]. Interests in the role of LPS induction 
of chronic diseases may be related to LPS mediated mitochondrial 
apoptosis with decreased fatty acid metabolism [58,59]. The links 
between defects in cellular lipid metabolism and promotion of Aβ 
oligomer species indicate LPS to be involved in both dyslipidemia 
and amyloidosis (Figure 2). The increased LPS plasma levels and its 
hepatic lipoprotein mediated transport into endosome and lysosomes 
are critical to reduction of plasma LPS levels. The high fat and high 
cholesterol diets that stimulate LPS absorption are involved with the 
decreased hepatic intracellular lipid/LPS metabolism and linked to 
hepatic inflammation and the induction of NAFLD.

The nuclear receptor Sirt 1 is associated with fatty acid 
metabolism, mitochondrial biogenesis, insulin resistance, NAFLD 
and amyloidosis and is clearly corrupted by LPS with acceleration 
in the various chronic diseases and neurodegeneration [12]. Interest 
in LPS regulation of nuclear Sirt 1 has attracted interest with its 
involvement in alpha synuclein and Aβ metabolism [18]. In contrast 

to the studies in yeast with (-)-epigallactocatechin-3-gallate (EGCG) 
and its arrest of oligomeric Aβ species the effect of the EGCG in 
mammalian cells have detrimental effects on the post-transcriptional 
regulation of the p53 tumour suppressor protein associated with 
the downregulation Sirt 1 expression and reduced hepatic Sirt 1 
deacetylase activity connected to defective alpha-synuclein and Aβ 
metabolism [12,18]. LPS has also been associated with zinc deficiency 
[60-62] and connected to apo E function [63] Aβ dynamics with 
aggregation [64,65]. Nutritional intake of zinc has become important 
to global populations with zinc essential to maintain cellular Sirt 1 
activity [66], albumin [67], vitamin E [68,69] and HDL levels [70,71].

In aging and AD membrane changes in LPS related toxicity may 
influence neuron membrane cholesterol by binding to cell membranes 
with altered membrane interactions that possibly involve the role of 
LPS in Aβ aggregation and fibril formation. LPS related effects on 
neuron membrane cholesterol may also involve its neutralization of 
apo E that is closely linked to brain cholesterol homeostasis and the 
reverse brain Aβ transport to the periphery (peripheral sink abeta 
hypothesis). LPS related neurodegeneration may involve specifically 
reverse cholesterol transport with the disruption of LXR-ABCA1 
interactions that determine cell cholesterol dysregulation involved in 
the generation of toxic Aβ species that occur in the early stages of 
AD. In the brain the CD14 receptor is referred to as the LPS receptor 
(Figure 2) and involved with Aβ metabolism [17]. The cluster of 
differentiation 14 (CD14) receptor assists in the co-ordination of the 
microglia that promotes Aβ mediated and oxidative neuron death 
[72].

Research in the role of LPS in the peripheral sink Aβ hypothesis 
has escalated with the improved understanding of the LPS effects 
on astrocytes and neurons in the brain and effects on the transport 
across the blood brain barrier (BBB). Studies have indicated that 
LPS was associated with impaired Aβ efflux across the BBB with 
the downregulation of the low density lipoprotein receptor related 

Figure 2: Increased dietary fat and chylomicron production are connected 
to increased plasma LPS levels with the development of NAFLD and AD. 1. 
Diets that are high in fat reduce the plasma clearance of LPS by the liver. 2. 
The links between defects in peripheral lipid metabolism and promotion of 
amyloid beta aggregation indicate LPS to be involved in both dyslipidemia 
and corruption of the transport of amyloid beta from the brain to the blood 
plasma. 3. LPS mediated neuroinflammation of astrocytes is involved in 
the defective clearance of amyloid beta from neurons. 4. Downregulation of 
receptors such as the LDLr and LRP-1 are associated with delayed LPS and 
amyloid beta transport connected to low HDL and high LDL cholesterol levels.
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protein 1 (LRP-1) that has previously been shown to be critical to 
the Aβ efflux (Figure 2) from the brain [73]. The effects of systemic 
LPS on neuroinflammation [74,75] and disturbed Aβ homeostasis 
are similar to the disease progression in AD with the effects of LPS 
on cognitive impairment relevant to Aβ generation [76,77]. Further 
experiments with LPS implicate its role in memory processing deficits 
and neuronal death [78-80]. Toll-like receptor 4(TLR-4) that is closely 
linked to neuroinflammation and AD is also activated by LPS in 
mouse and human astrocytes [81,82]. Activation of inflammation in 
astrocytes by LPS (Figure 2) corrupts the important role of astrocytes 
in the metabolism of neuronal Aβ [10] with the development of 
AD. As LPS concentrations increase in plasma the unbound LPS 
can spontaneously insert in cell lipid bilayers with increased cell 
membrane LPS content that involve the cholesterol/sphingomyelin 
domains [17,19] with the hydrophilic polysaccharide chain exposed 
to the plasma. Neutralization of apo E and Aβ cell membrane 
interactions by LPS may not only involve the presence of excess 
membrane LPS but also low plasma Zn2+ levels [60-62] that may lead 
to abnormal apo E and Aβ cell membrane interactions [5,17,19]. LPS 
binds to LBP and interactions with the CD14 receptor in macrophage 
membranes stimulates the release of pro-inflammatory cytokines 
such as tumour necrosis factor, interleukin 1 and interleukin 6. In 
the liver cytokines such as interleukin 6 stimulate the release of CD14 
(acute phase protein) into the circulation [83]. The binding of LPS to 
various lipoprotein membranes modulates the acute phase reactions 
in the periphery and delays LPS binding to the CD14 receptor. In apo 
E knockout mice susceptibility to endotoxemia implicate the role of 
apo E lipoproteins in LPS transport and in the LDL receptor knockout 
mice the increased LDL cholesterol concentrations (Figure 2) delay 
the LPS mediated inflammatory response [84,85]. LDL receptor 
deficiency has been associated with astrocytosis with increased 
amyloid deposition that implicate LPS in the LDLr regulation of 
astrocyte-neuron Aβ metabolism [10,86]. Saturated fatty acids such 
as palmitic and myristic acid raise LDL cholesterol levels [87-89] 
with increased palmitic acid levels (butter, cream, high carbohydrate 
intake) sensitive to the downregulation of the LDL receptor (Figure 
2) with relevance to the peripheral clearance of toxic abeta and the 
promotion of neurodegeneration and brain amyloidosis [10]. The 
low HDL associated with the increased risk for AD and its close 
connections to disturbed cholesterol metabolism possibly determine 
the benign or toxic Aβ conformational states. The Western diet that is 
high in fat determine the different toxicities to human Aβ oligomers 
with the consumption of phosphatidylinositol [19] important in 
the maintenance of plasma HDL levels and the prevention of toxic 
Aβ generation with reversal of abeta aggregation [5]. Furthermore 
therapeutic phytosterol intake (approx. 2 gm/day) is important to 
diabetes treatment and prevention of organ dysfunction [19] with 
phytosterol intake closely linked to the maintenance of hepatic 
cholesterol and Aβ metabolism in metabolic disease via ABCA1 
pathways [1]. Elevated plasma LPS levels corrupt phytosterol-ABCA1 
[1] and PLTP pathways [90] that are critical to formation of HDL, 
toxic Aβ oligomer species and interactions with APP in protein 
misfolding [5,17] may play an early role in the development of 
neurodegenerative disease. Furthermore the direct therapeutic effects 
of phytosterol on Aβ reduction in the brain [91] may be affected by 
increased brain LPS levels that induce astrocyte inflammation related 
to defective neuronal Aβ metabolism and elevated phytosterol intake 

as persistent nutritional therapy may be harmful with increased brain 
phytosterol accumulation associated with population ageing (> 85 
years)and AD [92,93].

Conclusion
Interest in metabolic and neurodegenerative diseases have 

increased in global communities and implicate high fat/cholesterol 
diets and alcohol to be responsible for increased plasma LPS levels that 
are involved in the induction of NAFLD and AD. The links between 
lipoprotein metabolism and abnormal apo E-PLTP interactions in AD 
clearly indicate that dyslipidemia is associated with delayed hepatic 
LPS clearance with toxic Aβ generation. Bacterial LPS corruption of 
the astrocyte-neuron interaction by inflammatory processes delays 
brain Aβ clearance with increased brain amyloid plaque development 
in various communities associated with excessive feeding and 
abnormal liver lipid metabolism. Reversal of NAFLD by healthy 
diets such as low fat (palmitic acid) and high fibre diets that contain 
appropriate phytosterol, vitamin E and phosphatidylinositol (2 gm/
day) increase LPS and Aβ metabolism and reduce transport of LPS 
to the brain with improved memory and cognition connected to 
therapeutic plasma albumin levels.
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