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 Abstract 

Obesity is a proven risk factor for neurodegenerative disease like Alzheimer's 

disease (AD). Accumulating evidences suggested that nutritional interventions 

provide potential for prevention and treatment of AD. The present study aimed 

to investigate the effect of dietary treatment of obese rats with natural 

Raspberry ketone (RK) and their relationship with neurodegeneration. Obesity 

was first induced in 40 male Wistar rats (140 – 160g) by feeding high fat diet 

(HFD) for 16 weeks. Obese rats were then assigned into 4 groups (n= 10 each). 

(O-AD) is obese induced AD group maintained on HFD for another 6 weeks. 

OCR is obese group received calorie restricted diet for 6 weeks. OCRRK is 

obese group received calorie restricted diet and RK (44 mg/kg body weight, 

daily, orally) for 6 weeks and OCRD is obese group received calorie restricted 

diet and orlistate (10 mg/kg body weight, daily orally) for 6 weeks. Another 10 

normal rats received normal diet were used as normal control group (NC). 

Body weight, visceral white adipose tissue weight (WAT), lipid profile, 

oxidative stress markers, adiponectin, cholinergic activity and amyloid 

extracellular plaques were examined. In addition to histological changes in 

brain tissues were evaluated. Raspberry ketone (RK) via its antioxidant 

properties attenuated oxidative damage and dyslipidemia in O-AD group. It 

inhibited acetylcholinesterase enzyme (AchE) and hence increased 

acetylcholine level (Ach) in brain tissues of O-AD rats. It is also impeded the 

upregulation of beta-secretase-1 (BACE-1) and the accumulation of amyloid 

beta (Aβ) plaques which crucially involved in AD. The combination of CR 

diet with RK was more effective than CR diet with orlistate (antiobese drug) in 

abrogating the neurodegenerative changes induced by obesity.  Results from 

this study suggested that concomitant supplementation of RK with calorie 

restricted regimen effectively modulate the neurodegenerative changes induced 

by obesity and delay the progression of AD. 

 

Keywords: Alzheimer's disease,  Raspberry  ketone, Cholinergic activity, 

Amyloid plaques, Orlistate. 

1. Introduction:  

The prevalence of obesity has significantly 

increased during the last decades reaching epidemic 

proportions in many countries (Valdecantos et al., 

 2009). Obesity results from the excessive 

accumulation of fat and its risk is not confined to 

adults; it extends also to children and adolescents 

(Knopp et al., 2008; Prokesch et al., 2009). 

Obesity is a multifactorial abnormality that  
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 has genetic and environmental bases. Changes in 

the environment interact with the other factors in a 

lethal combination. The genetic background loads 

the gun, but the environment pulls the trigger 

(Bray, 2004; Candib, 2007). 

Complications of obesity: 

Obesity, particularly abdominal obesity, has many 

complications such as dyslipidemia, atherosclerosis 

and type 2 diabetes mellitus (T2DM). Abdominal 

obesity is a major cause of cardiovascular disease 

(CVD) morbidity and mortality (Fig. 1) (Despres et 

al., 2008).  

1- Dyslipidemia : 

Obesity is a known complication of obesity 

(Sowers, 2003). Obese children and adults, 

particularly those with a central or abdominal 

distribution of fat, have elevated concentrations of 

serum triacylglycerol (TAG), a surrogate measure 

of very low density lipoprotein cholesterol (VLDL-

C) and low concentrations of high density 

lipoprotein cholesterol (HDL-C) (Abate, 1999; 

Freedman et al., 2002). Obesity is also associated 

with higher levels of total cholesterol (TC) and low 

density lipoprotein cholesterol (LDL-C) (Knopp et 

al., 2008). 

2- Oxidative stress : 

Obesity may be a state of chronic oxidative stress. It 

enhances oxidative stress in young and old 

population as shown by elevations in lipid 

peroxidation, or protein oxidation. Lipid 

peroxidation is associated with several indices of 

adiposity and a low systemic antioxidant defense 

(i.e. antioxidant enzymes, glutathione "GSH"). 

Oxidative stress is related to chronic disease and is 

one of the mechanisms underlying the development 

of co-morbidities (Vincent et al., 2007). It plays a 

role in the initiation of inflammation and 

development of insulin resistance (Wellen and 

Hotamisligil, 2005; Tilg and Moschen, 2008).   

3- Inflammation : 

In the liver and adipose tissues obesity promotes a 

state of chronic low-grade inflammation (Shoelson 

et al., 2007). Obesity-induced Inflammation results 

in increased infiltration of macrophages and release 

of cytokines like tumor necrosis factor-alpha (TNF-

α), interleukin-6 (L-6), and interleukin-1beta (IL-

1β) and contributes significantly to insulin 

resistance (Cinti et al., 2005; Gonzalez-Gay et al.,  

 2006; Larsen et al., 2007).  

4- Insulin resistance, hyperinsulinemia 

and hyperglycemia: 

Insulin resistance (IR) hyperinsulinemia and 

hyperglycemia are linked with obesity (Sowers, 

2003). Insulin resistance, which can be defined 

as a diminished ability of the cell to respond to 

the action of insulin, is the most important 

pathophysiological feature in many prediabetic 

states and is the first detectable defect in T2DM. 

It is usually compensated by hyperinsulinemia 

(Nieto-Vazquez et al., 2008). Although the 

pancreas manufactures extra insulin, it is not 

enough to counter the hyperglycemia, thus 

explaining the paradox of fasting hyperglycemia 

despite increased plasma insulin levels, which is 

known as IR (Gadde and Allison, 2006; 

Aguilera et al., 2008). 

Alteration of glucose homeostasis is caused by 

faulty signal ttansduction via the insulin 

signaling proteins, which results in decreased 

glucose uptake by the muscle, altered lipogenesis 

and increased glucose output by the liver. This 

etiology may be related to a chronic 

inflammatory state (Martyn et al., 2008). 

Although the classic features of acute 

inflammation are absent, signs of chronic 

inflammation are observed with the release of 

inflammatory cytokines including TNF-α, IL-6 

and IL-1β. These cytokines have been implicated 

in the pathogenesis of IR (Hotamisligil, 2006; 

Shoelson et al., 2007). Obesity-associated 

adipocyte apoptosis (cell death) appears to be the 

primary event underlying insulin insensitivity. 

The subsequent infiltration of macrophages and 

release of reactive oxygen species (ROS) play an 

important role in cytokine-related IR (Fig. 2) 

(Cinti et al., 2005; Houstis et al., 2006). 

The intracellular mediators of this inflammatory 

response include nuclear factor kappa B (NF-

kB), c-Jun amino-terminal kinase-stress-activated 

protein kinase, and induction of the suppressor of 

cytokine signaling-3 (Kahn et al., 2006). 

Macrophage infiltration occurs not only in the 

adipocyte, but also in the liver. The associated 

activation of the c-Jun amino-terminal kinase-

stress-activated protein kinase pathway also 

promotes the development of hepatic 

inflammation leading to hepatic steatosis (fat 

deposition), lipid peroxidation and hepatic  
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Fig. (1) : Complications of obesity (Knopp et al., 2008) 
 

apoptosis, all of which are recognized in obese 

diabetics (Schattenber et al., 2006). Other etiologic 

factors have been proposed in the pathogenesis of 

obesity-induced IR. These factors include 

mitochondrial dysfunction, intracellular lipid 

accumulation in skeletal muscle and liver and 

decreased β-oxidation. Recent studies have 

elucidated that these pathologic and etiologic 

factors converge to activate inflammatory or stress 

signaling pathways (Abdul-Ghani and De Fronzo, 

2008). 

As shown in Figure (2), obesity leads to an 

inflammatory response in the liver and in adipose 

tissues. Obesity-induced inflammation results in 

infiltration of macrophages and release of cytokines, 

TNF-α, IL-6 and IL-1β. The downstream effector of 

cytokine-induced inflammation is induction of 

inducible nitric oxide synthase (iNOS). The 

extremely high levels of nitric oxide (NO) that are 

released, together with reactive oxygen species, 

generate reactive nitrogen species including 

peroxynitrite, which leads to S-nitrosylation and 

tyrosine nitration (posttranslational modifications) 

of proteins which alters the function of many 

proteins, including those involved in insulin 

signaling. 

5- Type 2 diabetes : 

A major complication of obesity is type 2 diabetes 

(Keller, 2006; Martyn et al., 2008). Microvascular 

and macrovascular complications of diabetes, 

include stroke, coronary artery disease, peripheral 

vascular disease, retinopathy, and nephropathy (El-

Atat et al., 2004).  

6- Metabolic syndrome : 

Overweight and obesity are associated with the 

 metabolic syndrome (Cannon, 2007). The 

metabolic syndrome is the name for a clustering 

of risk factors for CVD and T2DM that are of 

metabolic origin. These include central obesity, 

elevated plasma glucose, high blood pressure, 

atherogenic dyslipidemia, a prothrombotic state, 

and a proinflammatory state (Aguilera et al., 

2008; Milionis et al., 2008). 

Insulin in the brain : 
Glucose uptake by the brain and across the 

central nervous system and the blood brain 

barrier (BBB) takes place by saturable facilitated 

diffusion system. This occurs via an insulin 

independent manner through non-insulin 

sensitive glucose transporters; GLUT-1, GLUT-

3, and GLUT-5 found in astrocytes, neurons and 

microglia, respectively. Hence, the brain was 

previously considered an insulin insensitive 

organ. However, several insulin sensitive glucose 

transporters as GLUT-2, GLUT-4 and GLUT-8 

and insulin receptors (IRs) were found in the 

brain, which provide evidence that insulin must 

have other actions in the brain (Banks et al., 

2012). One of the first recognized central insulin 

actions was its anorexic effect and its ability to 

reduce body weight gain through facilitating 

brain energy supply. It increases adenosine 

triphosphate (ATP) and consequently close ATP-

sensitive K
+
 channels which in-turn reduce food 

intake. Additionally, insulin exerts its action by 

regulating neuronal activity in the hypothalamus 

and deactivating appetite centres (Morton et al., 

2006; Jauch-Chara et al., 2012). Furthermore, 

insulin was found to stimulate the release of 

gonadotropin and luteinizing releasing hormones 

and thus insulin is involved in the central 

regulation of reproductive function (Bruning et 

al., 2000). 
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Fig. (2) : Pathogenesis of insulin resistance and hyperglycemia in obesity 

 (Martyn et al., 2008) 
 

Several lines of evidence have linked insulin and 

brain insulin signaling to improved cognition and 

memory. Number of molecular mechanisms have 

been involved, first, insulin has direct effect on 

neurotransmission, where its catabolic effect on 

glucose results in the production of numerous 

compounds e.g. acetyl CoA, glutamate and ATP. 

Acetyl CoA is involved in Ach synthesis. The latter 

along with glutamate are neurotransmitters involved 

in maintaining behaviour, memory and learning. 

Additionally, the produced ATP is required for 

preserving membrane stability, protein synthesis 

and synaptic transmission (Schulingkamp et al., 

2000). Second, insulin enhances synaptic 

transmission and synaptic plasticity by inducing 

LTP, a mechanism that underlies some forms of 

learning and memory, through surface expression of 

N-methyl-D-aspartic acid (NMDA) receptors and 

the glutamate receptor 1 subunit of amino-3-

hydroxy-5-methyl-4-isoxazole-propionic acid 

(AMPA) (Rani et al., 2016). Finally, it has been 

proved that insulin modulate tau phosphorylation, 

amyloid precursor protein (APP) expression and 

help in Aβ clearance (Chen et al., 2014). 

Insulin in the brain could be of peripheral origin, 

where insulin in the blood crosses BBB through 

insulin-binding sites in the brain endothelial cells of 

the BBB. These binding sites appear to either act as 

transporters of insulin or as classic receptors. Both 

affect the function of the barrier cell by activating 

intracellular machinery and mediating the effects of 

insulin on these cells. Moreover, insulin could be of 

central origin, where it could be synthesized in the 

brain (Blazques et al., 2014). 

Brain insulin signaling : 

Insulin receptors (IRs) have been proved to be 

widely expressed in discrete positions of the brain, 

located on both astrocytes and neurons. The highest 

distribution is found in cerebral cortex, hippo- 

 campus, olfactory bulb, cerebellum, 

hypothalamus and choroids plexus (Duarte et 

al., 2012). 

As in peripheral tissues, binding of 

insulin/insulin growth factor (IGF 1 or 2) ligands 

to tyrosine kinase receptors (IRs or IGF 

receptors) induces dimerization, trans auto-

phosphorylation and activation of their tyrosine 

kinase domain that binds and activates IRS 

proteins. Subsequently, the two major 

downstream signaling cascades, PI3K/ AKT and 

the mitogen-activated protein kinase/extracellular 

signal regulated kinase (MAPK/ERK) pathways, 

are activated (Diehl et al., 2016). These were 

summarized in figure (3) (Chiu and Cline, 

2010). 

The first insulin/IGF signaling pathway (Fig. 4) 

(Blazquez et al., 2014), involves the activation 

of PI3K/AKT pathway in a mechanism by which 

the IRs proteins activates PI3K, that 

subsequently generates phosphatidyl inositol 

3,4,5-triphosphate (PIP3). The latter activates 

phosphoinositide-dependent protein kinase-1 and 

hence, activation of AKT and its targets 

(Akintola and van Heemst, 2015). 

Targets of AKT include : 

1- AKT substrate of 160 kDa (AS160) : once 

phosphorylated by AKT it is activated and causes 

translocation of the glucose transporter GLUT-4 

to the plasma membrane (Takei and Nawa, 

2014). 

2- Mammalian target of rapamycin complex 1 

(mTORC1) mediated protein : which has 

beneficial role in synaptic activity, dendritic 

growth of neurons, axon elongation and neuronal 

synaptic repair. However, its dysregulation 

causes detrimental effects including 

neurodegenerative diseases and neuronal cell  
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Fig. (3) : Insulin receptor signaling (Chiu and Cline, 2010) 
 

death due to disrupted mTORC1-dependent 

autophagy, a major mechanism to degrade 

misfolded proteins and damaged organelles in 

neurons (Takei and Nawa, 2014). 

3- Glycogen synthase kinase 3 (GSK3) : a 

serine/threonine kinase that regulates glycogen 

synthesis and controls multiple cell signaling 

pathways. Its activation, however, can 

phosphorylate tau protein, a process involved in the 

pathogenesis of AD. AKT interferes the latter 

process via inactivating GSK3β (Kleinridders et 

al., 2014). 

4- Fork head transcription factors (FOXOs) : 
where the activation of AKT promotes the 

phosphorylation and the inhibition of FOXO and 

hence protects the brain against apoptosis induced 

by apoptosis-stimulating fragment ligand (FasL) 

promoter and Bcl-2 interacting mediator of death 

(Bim); the targets of FOXO (Bassil et al., 2014). 

The second major insulin/IGF signaling pathway 

(Fig. 4) (Blazquez et al., 2014), involves activation 

of MAPK/ERK pathway. Here, the phosphorylated 

IR/IGFIR and IRs proteins binds the SH2 domain 

containing adapter molecules (growth factor 

receptor-bound protein 2 "Grb2" and Sre Homology 

2 domain). Grb2 then binds to son-of-sevenless 

(SOS), this complex then converts the inactive 

guanine nucleotide binding protein Ras to its active 

form by catalyzing the removal of guanosine 

diphosphate and binding of guanosine triphosphate. 

Activated Ras activates the protein kinase activity 

of rapidly accelerated fibrosarcoma (Raf) kinase, 

that subsequentally, phosphorylates and activates 

mitogen-activated protein kinase (MEK), MAPK, 

followed by phosphorylation of ERK1 and 2. This 

 pathway thereby influences brain cell 

proliferation and differentiation and regulates 

cell survival (Blazquez et al., 2014). 

Consistently, a deficiency of ERK signaling in 

the brain causes neuronal death, demonstrating 

that this pathway is crucial for proper brain 

development (Klenridders, 2016). 

Defective insulin signaling in the brain : 

Defective insulin signaling in the brain 

contributes at the cellular level to the aggregation 

and deposition of Aβ plaques, hyper-

phosphorylation of tau, promotion of 

neuroinflammation, disruption of synaptic 

plasticity and oxidative stress. These in turn 

cause impairment of memory and cognition 

(Craft et al., 2013). In other words, a 

neurodegenerative disorder in which defect in 

brain insulin signaling and consequently glucose 

metabolism lead to AD pathogenesis. Therefore, 

AD has been proposed as type 3 diabetes 

(Leszek et al., 2017). 

1- Amyloid plaques : 

The Aβ plaques is one of the major hallmarks 

found in the brain of AD patients. These plaques 

are composed mainly of pathologically 

aggregated Aβ peptides, predominantly Aβ40 and 

Aβ42 derived from a larger molecule; APP. 

Normally, APP is cleaved within its extracellular 

domain to produce soluble APP alpha fragment 

by a protease known as α-secretase. On the 

contrary, in AD, proteolysis occurs by the 

sequential enzymatic actions of β-secretase, 

namely, BACE-1 to form APP beta. The carboxy 

terminal fragments (CTF) generated by α- and β-

secretase are called (CTF83 and CTF99,  
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Fig. (4) : Insulin and insulin-like growth factor 1 receptors signaling pathways 

 (Blazquez et al., 2014) 
 

respectively. CTF83 and CTF99 are further cleaved 

by γ-secretase to produce p3 and Aβ (amyloidgenic 

pathway), respectively, as well as the amino-

terminal APP intracellular domain (AICD) as 

shown in figure (5) (Thinakaran and Koo, 2008; 

Chow et al., 2010). 

Aβ peptides are natural products of metabolism 

consisting of 36-43 amino acids. Monomers of Aβ40 

are much more prevalent than the aggregation-prone 

and damaging Aβ42 species. An imbalance between 

production and clearance, and aggregation of 

peptides causes Aβ accumulation the initiating 

factor in AD (Querfurth and La Ferla, 2010). 

An exchangeable link was found between Aβ 

aggregation and insulin signaling in the brain, 

where impaired insulin signaling causes Aβ 

accumulation, while Aβ oligomers induce insulin 

resistance in a vicious cycle (Fig. 6) (de la Monte, 

2012). Insulin treatment elevates sAPPα secretion in 

a concentration and tyrosin kinase-dependent 

manner in the neuronal cells and thus promotes 

neuronal survival, neurite outgrowth, neural stem 

cell proliferation and enhances LTP. However, 

elevated insulin level in case of insulin resistance 

leads to Aβ accumulation, as insulin and Aβ 

complete for insulin degrading enzyme (IDE), an 

enzyme required for both insulin and Aβ 

degradation in neurons and microglia (Rani et al., 

2016). On the other hand, Aβ oligomer induces loss 

of membrane IRs, elevation in proinflammatory 

tumor necrosis factor-alpha (TNF-α) level and  

 aberrant activation of c-Jun N-terminal kinase 

(JNK) in neurons, which finally leads to 

abnormal serine phosphorylation of IRS-1. IRS-1 

serine phosphorylation blocks the downstream 

insulin signaling. Abnormal insulin signaling 

accelerates plaque production in the brain by 

enhancing the amyloidogenic processing of the 

AβPP, and also increases Aβ aggregation and so 

on in an endless cycle (Beds et al., 2015). 

2- Hyperphosphorylation of Tau : 

Tau, is a microtubule associated protein, first 

discovered by Murray Weingarten, Marc 

Kirschner and their colleagues as a factor that 

was associated with tubulin promoting 

stabilization of axonal microtubules 

(Weingarten et al., 1975). Tau undergoes 

several post-translational modifications, 

including: O-GlcNAclation, phosphorylation, 

glycation, glycosylation, sumoylation and 

cleavage. O-GlcNAcylation is a dynamic 

modification involving the attachment of N-

acetyl-D-glucosamine (GlcNAc) moieties to the 

hydroxyl group of serine and threonine residues. 

Tau phosphorylation and dephosphorylation is 

mediated by several kinases and phosphatases 

including GSK3β, CDK5, MAPK and protein 

phosphatase 2A (PP-2A) (Kim and Feldman, 

2015). 

Insulin resistance in the brain can induce 

different pathological tau modification (Fig. 7) 

(de la Monte, 2012) including tau hyperphos- 
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Fig. (5) : APP processing and cleavage products (Chow et al., 2010) 
 

phorylation through preventing the stimulation of 

PI3K-AKT signaling resulting in GSK3β activation 

or dysregulation O-GlcNAcylation. Consequently, 

hyperphosphorylated tau misfolds and self-

aggregates into insoluble fibrillar tangles of paired 

helical filaments and straight filaments. These 

disrupt microtubule organization and form NFT, 

dystrophic neuritis, and neuropil threads. In other 

words, the accumulation of fibrillar tau disrupts 

neuronal cytoskeletal networks and axonal 

transport, leading to synaptic disconnection and 

neurodegeneration (Iqbal et al., 2009). 

Furthermore, prefibrillar tau can aggregate into 

soluble neurotoxic oligomers that cause synaptic 

disconnection and neuronal death (Takashima, 

2010). 

 3- Neuroinflammation : 

One of the consequences of disrupted brain 

insulin signaling is a well defined state of 

neuroinflammation, represented by increased 

inflammatory cytokines, TNF-α, and 

cyclooxygenase-2 and decreased interleukin-10, 

as well as activated nuclear factor-kappB (NFκB) 

pathway, which further activates amyloid 

pathology. The aforementioned inflammatory 

state is a result of defect in IR/IRS-1/ AKT/GSK-

3α/β signaling pathway and decreased IDE (Aβ-

insulin degrading protease), that results in 

amyloid plaque formation. The formed amyloid 

peptides activates microglia and astrocytes by  

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

Fig. (6) : Brain insulin resistance and AβPP-Aβ deposition (de la Monte, 2012) 
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Fig. (7) :  Role of brain insulin deficiency or resistance in Tau pathology 

(De la Monte, 2012) 
 

binding to its pattern recognition receptors, and 

triggers the release of inflammatory cytokines. 

Moreover, neuroinflammation is mediated by 

caspase-9, one of the main initiator caspases that 

activates the executioner caspase (caspase-3), which 

produce cell death in cortical and hippocampal 

neurons (Rajasekar et al., 2017). 

4- Disruption of synaptic plasticity and 

transmission : 

Defective insulin signaling contributes to deficit in 

neuro-plasticity, namely, decreased neuronal spine 

density, decreased synaptic transmission and 

increased oxidative stress (Grillo et al., 2015). 

Several findings support the role of insulin signaling 

in recruiting the machinery necessary for both 

excitatory and inhibitory neurotransmission. For 

excitatory receptors, insulin modifies the 

endocytosis of AMPA receptor, which may lead to 

long-term depression of excitatory synaptic 

transmission in the hippocampus and cerebellum. 

Moreover, insulin promotes the delivery of NMDA 

receptors to the cell surface by exocytosis (Banks et 

al., 2012; Rani et al., 2016). 

For inhibitory receptors, insulin promotes gamma 

amino butyric acid (GABA) receptor-mediated 

synaptic transmission by the recruitment of GABA 

receptors to postsynaptic membranes. This confirms 

that impaired insulin signaling in brain causes 

disruption in synaptic function and plasticity  

 (Kandimalla et al., 2017). 

5- Oxidative stress and advanced glycation 

end products : 

Disrupted insulin signaling leads to 

mitochondrial dysfunction and consequently a 

well-defined state of oxidative stress. The latter 

involves the production of reactive oxygen 

species (ROS) and reactive nitrogen species, 

such as superoxide anion, hydrogen peroxide 

(H2O2), hydroxyl radical, nitric oxide, and the 

related peroxynitrite, as well as, lipid 

peroxidation. Eventually, oxidative damage is 

associated with the pathophysiology of many 

diseases through inducing severe damage to cell 

membranes, and breakdown of deoxyribonucleic 

acid (DNA) and protein structures. It can also 

develop a state of chronic inflammation and 

cause cell apoptosis through modulating the 

activity of some transcriptional factors as NF-κB. 

As a result of these changes in the brain, cerebral 

glucose metabolism is reduced leading to 

reduced ATP synthesis, contributing to 

disruption of neuronal functioning, loss of 

synapses, and overall neurodegeneration (Fig. 8) 

(Chen et al., 2014; Verdile et al., 2015). 

Additionally, the over production of ROS results 

in the glycation of proteins and the production of 

advanced glycation end products (AGEs), that 

have pro-oxidant effect. Receptor for advanced  



                                                                                              Rec. Pharm. Biomed. Sci. 3(2), 43- 59, 2019  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Fig. (8): Possible mechanisms by which deficient brain insulin signaling contributes to AD 

(Chen et al., 2014) 
 

glycation end products (RAGE) activation, along 

with cerebral accumulation of AGEs as a key 

mediator, interfere with cell functions through the 

development of mitochondrial dysfunction, 

oxidative stress, and inflammatory reaction. RAGE 

also contributes to neurodegenerative diseases by 

acting as a ligand for Aβ fibrils and may be 

involved in the neurotoxic effects of Aβ in neurons 

and microglia. Furthermore, RAGE upregulates the 

accumulation and transport of Aβ across the BBB 

(Jayaraman and Pike, 2014). 

Alzheimer’s disease: 

Alzheimer's disease (AD) was first described by 

Alois Alzheimer in 1907 (Sastre et al., 2008). It is 

the most common form of dementia, accounting for 

70% - 90% of all cases (Ritchie and Lovestone, 

2002; Luchsinger, 2008). The social and economic 

consequences of this neurodegenerative disease 

represent a significant challenge to society and it is 

imperative that strategies to prevent or delay the 

onset of AD are developed (Shagam, 2009). 

Alzheimer's disease is characterized by decline in at 

least two of four essential cognitive functions : (1) 

memory; (2) ability to speak or understand 

language; (3) capacity to plan, make sound 

judgements, and carry out complex tasks and (4) 

ability to process and interpret visual information. 

The decline may be severe enough to interfere with 

day-to-day life (Kidd, 2008). Pathologically, 

amyloid plaques and neurofibrillary tangles are  

 hallmarks of AD. Amyloid plaques are 

aggregates of beta-amyloid (Aβ), a protein 

derived from a larger protein called amyloid 

protein precursor (APP) (Van der Anwera et al., 

2005). Amyloid deposits within and around 

blood vessels and intracellular neurofibrillary 

tangles are characteristics of AD brain pathology 

and other neurological disorders (Bergamaschini 

et al., 2009) 

There are several links between obesity and AD 

such as oxidative stress, inflammation and the 

other complications of obesity like dyslipidemia, 

insulin resistance, diabetes, hypertension, 

metabolic syndrome, heart disease and 

cerebrovascular disease (Fig. 9) (Luchsinger, 

2008) 

Alzheimer's disease patients exhibited increased 

oxidative stress markers and abnormally poor 

antioxidant status compared to healthy controls 

(van Rensburg et al., 2006; Kidd, 2008). Since 

obesity is a state of chronic oxidative stress, it's 

considered as one of the links between obesity 

and AD progression (Vincent et al., 2007). 

High cholesterol and LDL-c levels and lower 

plasma HDL-c are important risk factors for AD. 

Similarly, serum apo A1 levels have been shown 

to be markedly lower in AD patients and highly 

correlated with AD cognitive decline (Kuo et al., 

1998; Merched et al., 2000; Martins et al., 

2006). 
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Fig. (9) : Natural history of the continuum of obesity, insulin resistance, hyperinsulinemia, 

glucose intolerance and diabetes (Luchsinger, 2008)  

 
 

Several studies show an association between 

hyperinsulinemia and an increased risk of AD 

(Peila et al., 2004). These studies  also found that 

the risk of AD related to hyperinsulinemia was 

higher among persons with the apoE-ε4. Borderline 

diabetes and impaired glucose tolerance are linked 

to an increased risk of dementia and AD (Qiu et al., 

2007; Xu et al., 2007). This association may reflect 

a direct effect of hyperglycemia, hyperinsulinemia, 

and diabetes-related comorbidities such as 

hypertension and dyslipidemia on brain 

degenerative changes (Fig. 10) (Biessels et al., 

2006; Korf et al., 2006). Furthermore; 

cardiovascular disease was found to be associated 

with increased risk of AD, especially in people with 

peripheral arterial disease, suggesting that extensive 

peripheral atherosclerosis is a risk factor for AD 

(Hofman et al., 2006). Purandare et al. (2006) 

added that cerebrovascular disease, stroke and 

spontaneous cerebral emboli were related to a 

higher risk of AD. Increased obesity causes IR and 

hyperinsulinemia. Insulin levels may decrease over  

 

 time due to pancreatic failure, resulting in 

glucose intolerance and diabetes. Obesity 

hyperinsulinemia, glucose intolerance and 

diabetes could increase brain Aβ deposition 

leading to AD individually or in aggregate in 

addition to causing cerebrovascular disease. 

Several studies have found that high physical 

activity is associated with low adiposity, lower 

hyperinsulinemia, and is inversely related to AD 

risk (Larson et al., 2006).  Type 2 diabetes is 

nowadays strongly associated with AD to the 

extent that AD is termed type 3 diabetes. 

Type 2 diabetes increases the risk of AD by 

approximately two folds through decreasing the 

clearance of Aβ by competing of insulin on IDE, 

also RAGE that play a role in the pathogenesis of 

diabetes, are present in cells associated with 

senile plaques and NFT (Mayeux and Stern, 

2012), as shown in figure (11) (Kleinridders et 

al., 2014). 
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Fig. (10) : Potential relationships between components of the metabolic syndrome and the 

development of AD (Milionis et al., 2008)  

 
Management of AD : 

Understanding all the key players in AD 

neuropathogenesis will help identify possible 

therapeutic targets. Several hypotheses were 

proposed to explain AD pathogenesis on a 

molecular level (Wen et al., 2017). 

1- Cholinergic hypothesis : 

The earliest hypothesis explaining AD pathogenesis 

focused on cholinergic system, the major 

neurotransmitter system involved in learning and 

memory, and its deficit in early AD stages through 

loss of cholinergic neurons, reduced choline uptake 

and decreased Ach release (Contestabile, 2011). 

The relation between cholinergic hypofunction and 

AD can be manifested in several forms. 

Deterioration of cholinergic neurons and loss of 

muscarinic and nicotinic receptors observed in AD 

lead to impaired release of neurotransmitters 

 and cholinergic conduction. The latter plays a 

key role in the sleep-wake cycle, cerebral blood 

flow, proper cortical development, activity, 

learning, memory and cognition. Additionally 

altered cholinergic innervations and increased 

AchE accelerate the aggregation of Aβ and 

consequently plaque formation. Moreover, 

choline acetyltransferase that is greatly reduced 

in AD is correlated with the numbers of NET in 

AD (Ahmed et al., 2017). The proposed 

intervention for this hypothesis is using drugs 

that are classified as cholinesterase inhibitors to 

inhibit AchE and hence enhance cholinergic 

neurotransmission. AchE is an enzyme that 

breaks down Ach and other choline esters. It 

belongs to serine proteases family with the 

highest expression in the plasma, neuromuscular 

junctions and the nervous system. Only four 

AchE inhibitors namely donepesil, tacrine, 

galantamine and revastigmine are approved by 

the FDA (Islam and Taberz, 2017). 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (11): Role of insulin resistance and type 2 diabetes in developing AD  

(Kleinridders et al., 2014)  
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Patients on AchE inhibitors suffers from 

gastrointestinal side effects as diarrhea, nausea, 

vomiting, anorexia and weight loss. In addition, 

AchE inhibitors is contraindicated in bradycardia as 

they are known to slow heart rate. Other observed 

side effects include urinary dysfunction, muscle 

cramps and abnormalities in dreaming. From the 

four approved drugs, tacrine is no longer used due 

to its hepatotoxicity (Aisen et al., 2012). 

2- Amyloid cascade hypothesis : 

Amyloidogenic cascade is an early feature of AD 

that in-turn drives tau hyperphosphorylation, NFT 

formation and neuron death. This cascade 

encounters an imbalance between increased toxic 

Aβ production by sequential β- and γ-secretase 

cleavage and decreased clearance. So, clinical trials 

from the late 1990s onwards started to test the 

possibility of disrupting this cascade. Although the 

concept looks simple, the practice was much more 

complicated, as separate drug targets are required 

due to different sites of toxicity. Oligomers may be 

toxic at synapses, while Aβ fibrils may be pro-

inflammatory and toxic in their local interstitial 

environment and so on (Schneider et al., 2014). 

Several anti-amyloid therapies have been proposed 

and studied including rosiglitazone, pioglitazone 

and semagacestat (Mangialasche et al., 2010). 

3- Tau hypothesis : 

The second major neuropathological feature that 

develops with the progression of AD is the 

accumulation of NFT. This processes starts with 

abnormal hyperphosphorylation of tau that 

sequesters normal tau, and the two major neuronal 

microtubule-associated protein (MAP1 and MAP2). 

This consequently disrupts microtubules and 

promotes self-assembly into tangles of paired 

helical and or straight filaments. GSK-3β and 

CDK5, two major kinases, are involved in 

hyperphosphorylation of tau are up-regulated in 

AD. However, PP-2A, the major phosphatase 

enzyme that regulate the phosphorylation of tau, is 

down-regulated. Therefore, one attractive approach 

in the treatment of AD could be targeting these 

enzymes by inhibition of GSK-3β activity and 

modulation of PP-2A. Lithium chloride, is 

prescribed as a GSK-3β inhibitor (Iqbal and 

Grundke-Iqbal, 2008). 

Additionally, in a study by Li et al. (2004) in rat 

hippocampal slices that used okadaic acid to inhibit 

PP-2A activity, using memantine as a treatment 

restored PP-2A activity and hence inhibited hyper- 

 phosphorylation of tau. However, memantine is a 

positively charged molecule and probably enters 

a neuron only during excitotoxicity when the 

NMDA receptor channels are open. Therefore, its 

therapeutic benefit might b limited to only those 

patients and/or the advanced states of the disease 

when there is persistent excitotoxicity. 

A set of existing research data suggested a tie 

between the phytochemical content of raspberries 

and antioxidant and antiproliferative 

(chemopreventive) effects in cell and rodent al 

studies (Gonzalez et 2009 ) Other results showed 

an anti-inflammatory effect of raspberry extract 

and or ellagic acid in a variety of models 

(Sangiovanni et al 2013) There are at least two 

reports of an effect of RK on vasorelaxation and 

blood pressure ( Jia et al 2011) The body of 

research from human studies is growing and 

suggests a role for red raspberries in reducing the 

risk of metabolic disease ( Burton et al 2016 ) 

Therefore, the aim of this study was to clarify the 

effect of RK with calorie restricted diet in obesity 

induced Alzheimer disease namely modulation of 

molecular pathway in oxidative stress, 

dyslipidemia, amyloid beta-peptide (AB) 

extracellular plaques formation and cholinergic 

activity using orlistate as reference antiobese 

drug. 

Conclusion: 

CR diet administration with RK effectively 

modulated the neurodegenerative changes 

induced by obesity to greater extend than its 

administration with orlistate due to antioxidant 

effect of RK. This was reflected on BACE-1 

expression and subsequently the accumulation of 

Aβ plaques which is the hallmark of AD. So this 

study supports the recent evidence suggesting the 

potential of RK supplement with CR diet as an 

effective intervention for prevention and 

treatment of AD. 
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