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CHAPTER 1: GENERAL INTRODUCTION

1. Introduction to Alzheimer’s Disease

Approximately 10.7% of Americans over the age of 65 have been diagnosed with
Alzheimer’s Disease (AD), the most prevalent form of dementia ("2023 Alzheimer's disease facts
and figures," 2023). Although death rates for several diseases, like heart disease, have decreased
in the U.S. over the last twenty years, AD death rates have rapidly increased by about 145%
since the year 2000 ("2021 Alzheimer's disease facts and figures," 2021). AD rates are not only
increasing in the U.S., but all over the world. Historically, researchers have reported that AD
prevalence is typically lower in countries boarding the Mediterranean Sea, like Greece. For example,
prior findings from the Hellenic Longitudinal Investigation of Aging and Diet (HELIAD) study in
Greece revealed that 5% of Greek adults over the age of 65 had dementia, and AD accounted for
73.5% of total dementia cases in this population (Kosmidis et al., 2018). However, recent updates
from this longitudinal study have revealed that AD prevalence has increased in Greece over the last
few years, likely due to modern lifestyle changes, such as novel dietary patterns (Vlachos et al.,
2021). For example, Western foods have become more accessible in Mediterranean regions, and thus,
less people are adhering to the healthy, traditional Mediterranean diet. Sadly, this dramatic worldwide
increase in AD rates is not expected to slow down in the near future. For example, about 6.7 million
Americans over the age of 65 currently have AD, and this number is estimated to double in

approximately forty years ("2023 Alzheimer's disease facts and figures," 2023).

The progression of this fatal disease is known as the Alzheimer’s disease continuum, and
it is divided into three stages: preclinical AD, mild cognitive impairment (MCI), and dementia
("2023 Alzheimer's disease facts and figures," 2023). Initially, AD patients have MCI, but, as the
disease progresses, symptoms continually worsen, and patients begin to experience difficulties

with everyday tasks. Altogether, AD patients suffer from memory loss, mental confusion, and



changes in behavior and personality ("2023 Alzheimer's disease facts and figures," 2023; Bekris
et al., 2010). Finally, the severe stage of AD induces tremendous memory loss, along with both
cognitive and physical disabilities. During this final stage, AD patients struggle with basic
physiological functions, such as talking, eating, drinking, and walking. Additionally, at this final
stage in the disease, the AD brain is immensely injured in several different regions that regulate
crucial cognitive processes, movement, and essential reflexes, like swallowing (2023
Alzheimer's disease facts and figures," 2023). As there is currently no cure for AD, the most

severe stage ultimately results in patient death.

Not only does AD affect the individual patients, but also their caretakers, as they require
constant care from healthcare workers and family members. The continual physical and
psychological burden of being an AD patient caretaker is extremely stressful, such that 59% of
caretakers have reported that they feel highly or very highly emotionally stressed ("2021
Alzheimer's disease facts and figures," 2021). Thus, it is imperative for researchers to further
explore potential prevention strategies and more effective therapies to diminish AD prevalence,

and the terrible suffering forced upon patients, caretakers, and their families.

1a. Hallmark Pathologies of AD

AD was first discovered in the early 1900’s by Dr. Alois Alzheimer (Alzheimer et al.,
1995). While conducting a postmortem autopsy, Dr. Alzheimer identified two, key hallmark
pathologies of AD, including amyloid beta (AP) plaques and hyperphosphorylated
neurofibrillary tau tangles (Alzheimer et al., 1995; Hippius & Neundorfer, 2003). These hallmark
pathologies primarily develop in the cortex and hippocampus, two brain regions that are
responsible for the neural mechanisms of learning and memory. Thus, these pathologies disrupt

crucial learning and memory processes in the AD brain. Initially, AP plaques develop in the



cerebral cortex, and subsequently advance in the hippocampus (Alzheimer et al., 1995; Hippius
& Neundorfer, 2003). Cognitive processes are first disrupted by AP oligomers in the synapse,
and later by the formation of extracellular AP} plaques around neurons (LaFerla et al., 2007). AB
plaques develop from the aggregation of AP, a small protein (4 kDa), that develops from the
amyloidogenic cleavage process of the membrane protein, amyloid precursor protein (APP)

(LaFerla et al., 2007; LaFerla & Oddo, 2005).

In the healthy brain, APP is cleaved by the enzyme alpha secretase (a-secretase), and
subsequently cleaved by the enzyme gamma secretase (y-secretase), resulting in the formation of
the protein known as P3 (LaFerla et al., 2007; LaFerla & Oddo, 2005). Conversely, when APP is
cleaved under pathogenic conditions, via the amyloidogenic pathway, it is first cleaved by the
enzyme beta secretase (BACEL), and then cleaved by y-secretase (LaFerla et al., 2007; LaFerla
& Oddo, 2005). This amyloidogenic cleavage process results in the formation of an A peptide

(LaFerla & Oddo, 2005). See Figure 1.

AP is originally produced as a monomer, yet it has the potential to combine with other A3
peptides to form dimers, trimers, and fibrils. The aggregation of ABi1—s0and APi—42 peptides results
in the formation of insoluble AP plaques in the brain (LaFerla & Oddo, 2005). Specifically, ABi-
4218 42 amino acid residues in length and more hydrophobic, thus making it more susceptible to
insoluble A plaque formation. Accordingly, AP plaques impede normal synaptic function and
injure dendrites and axons (P. P. Liu et al., 2019). Although A plaques are a hallmark pathology
of AD, A dimers, trimers, and oligomers are, themselves, also considered pathogenic (LaFerla

& Oddo, 2005; Seixas da Silva et al., 2017).

An additional hallmark pathology of AD is hyperphosphorylated neurofibrillary tau

tangles (LaFerla & Oddo, 2005). In the healthy brain, tau is a microtubule-associated protein



(MAP) that facilitates microtubule formation and axoplasmic transport (Gong & Igbal, 2008).
Microtubules are essential for proper neuronal function, as they help form the neuron’s
cytoskeleton, and regulate cell signaling, communication, and intracellular trafficking.
Conversely, in a disease state, tau is hyperphosphorylated, resulting in the formation of filaments
known as neurofibrillary tangles (Gong & Igbal, 2008). In the AD brain, hyperphosphorylated
tau tangles disrupt fundamental cellular processes, like microtubule production and axoplasmic
transport in neurons (Gong & Igbal, 2008). Consequently, the extracellular aggregation of AP, in
addition to the intracellular formation of hyperphosphorylated neurofibrillary tau tangles, impairs

cellular functions and ultimately results in neuronal death (LaFerla & Oddo, 2005).
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Figure 1. AP is generated via the amyloidogenic cleavage of APP (LaFerla & Oddo, 2005)

In addition to his discovery of hallmark AD pathologies, Dr. Alzheimer also noted that
AD engenders severe brain atrophy, or shrinkage of the brain (Hippius & Neundorfer, 2003). AD
patients lose a significant amount of brain volume, and prior research has demonstrated that AD

pathologies specifically provoke hippocampal atrophy (Bobinski et al., 2000; Gosche et al.,

10



2002). For example, Gosche et al. (2002) measured hippocampal volume in elderly nuns from
the Mankato nun study and found that dementia patients had a smaller hippocampus in

comparison to healthy individuals.

AD provokes an extensive loss of synapses throughout the brain, in addition to
cholinergic neuronal death in the basal forebrain (Pepeu & Grazia Giovannini, 2017; Wu et al.,
2005). The brain’s cholinergic system plays a fundamental role in facilitating learning and
memories processes, and cholinergic neurons in the basal forebrain project to the cerebral cortex
and hippocampus (Wu et al., 2005).Thus, researchers hypothesize that the death of cholinergic
neurons could be implicated in the development of AD pathologies. This cholinergic hypothesis
led to the development of AD therapeutics that target the brain’s cholinergic system, such as
acetylcholinesterase inhibitors (Bekris et al., 2010; P. P. Liu et al., 2019). These drugs prevent
the enzymatic degradation of acetylcholine, and have previously been used as an AD therapeutic
(P. P. Liu et al., 2019). However, acetylcholinesterase inhibitors only temporarily relieve AD
symptoms, and do not prevent further advancement of disease pathologies. Hence, researchers
need to find more efficient AD therapeutics that not only ease symptoms, but also provide long-

term treatment to AD patients.

There are two subtypes of AD, including familial AD (FAD) and sporadic AD (SAD).
FAD, also known as early onset AD, only accounts for about 6% of all AD cases and it is
typically diagnosed before the age of 65 ("2021 Alzheimer's disease facts and figures," 2021).
Scientists have already discovered three gene mutations linked to the generation of FAD,
including APP, presenilin-1, and presenilin-2, all of which are implicated in amyloidogenesis
(LaFerla et al., 2007; LaFerla & Oddo, 2005). Conversely, SAD, also known as late onset AD,

accounts for the about 94% of all AD cases and commonly develops after the age of 65 ("2021
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Alzheimer's disease facts and figures," 2021). The etiology of this more common form of AD is
still largely unknown. However, recent research has revealed that there are gene mutations
associated with SAD, including apolipoprotein E (APOE) and Triggering Receptor Expressed on
Myeloid Cells 2 (TREM2) ("2021 Alzheimer's disease facts and figures," 2021). APOE is
typically expressed in astrocytes and assists cells in lipid transport and lipoprotein production
(Shi & Holtzman, 2018). More specifically, the APOE4 allele has been shown to increase the
toxicity of AP and further exacerbate the immune response (Shi & Holtzman, 2018), and

homozygous APOEy4 is consistently associated with increased AD risk (Vlachos et al., 2021).

Additionally, the TREM2 mutation, R47H, has been shown to increase one’s risk of
developing AD. TREM2 is typically expressed in microglial cells, the brain’s resident
phagocyte, and the R47H mutation disrupts proper microglia function and increases
susceptibility to injury and infection in the brain (Shi & Holtzman, 2018). In addition to these
mutations, several SAD risk factors have been identified, and need to be further investigated to

find more effective prevention or intervention strategies.

1b. AD Pathologies and Inflammation

Collectively, our laboratory studies different environmental risk factors, such as chronic
stress or poor diet, that may induce an inflammatory state and provoke the development and
progression of AD pathologies. Notably, prior research has repeatedly demonstrated that there is
a clear link between inflammation and AD neuropathology (Bonaiuto et al., 1997; Liu et al.,
2012; Newcombe et al., 2018). Inflammation occurs primarily due to activation of the innate
immune system, and is an adaptive response utilized to protect the body from unknown
inflammatory triggers, such as pathogens, allergies, pollutants, and unhealthy food (Macdonald

& Monteleone, 2005; Parham, 2013). These inflammatory triggers activate the innate immune
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response, and immune cells and other cells are recruited to secrete pro-inflammatory cytokines

(Dantzer, 2018; Dantzer & Kelley, 2007; Parham, 2013).

Cytokines are small proteins that are released to induce inflammation at sites of injury or
infection throughout the body (Parham, 2013). Initially, this is an adaptive process that protects
the body and hinders infection (Dantzer & Kelley, 2007; Maier & Watkins, 1998). For example,
Interleukin-1 beta (IL-1p) is a pro-inflammatory cytokine that plays a crucial role in the innate
immune response, and prior research has also shown that low levels of IL-1p are necessary
during learning and memory processes (Takemiya et al., 2017). Although cytokine production is
initially advantageous, chronic or excessive pro-inflammatory cytokine production engenders a

constant inflammatory state that is harmful to the brain (Block et al., 2007).

Although scientists originally described the brain as an immune-privileged site, largely
devoid of immune activity, recent research has demonstrated otherwise. As previously discussed,
immune cells, such as macrophages, induce inflammation in injured or infected areas throughout
the periphery of the body (Parham, 2015). Likewise, in the CNS, microglial cells are the resident
phagocyte, and function like immune cells to protect the brain (Lenz & Nelson, 2018). Cytokines
that are synthesized in their periphery of the body may enter the CNS via active and passive
transport, and other mechanisms, such as circumventricular organs (CVOs) (Dantzer et al., 2008;
Goshen & Yirmiya, 2009). Further, vagal afferents sense cytokine production in the periphery of
the body and induce de novo production of cytokines in the brain, typically via microglial cells
(Biesmans et al., 2013; Dantzer, 2018; Steinberg et al., 2016; Zanos et al., 2018). Microglia have
many important tasks, such as providing structural support to neurons and performing
phagocytosis in response to unfamiliar pathogens (Block et al., 2007). Initially, microglial cell

activation is an advantageous and protective mechanism in the CNS. However, in a disease state,
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like AD, microglia may become chronically activated and adopt a pro-inflammatory phenotype
(Block et al., 2007). Under these conditions, microglial cells continually secrete pro-
inflammatory cytokines and other neurotoxic factors, such as reactive oxygen species, that are
harmful to neurons (Block et al., 2007; Lenz & Nelson, 2018). For example, continual secretion
of neurotoxic factors makes the brain more susceptible to oxidative stress. The brain’s oxidative
system requires a proper balance of pro-oxidants and antioxidants, and excess reactive oxygen
species disrupt this system, and induce oxidative stress in the brain (Gandhi & Abramov, 2012).
Oxidative stress is interconnected with AD neuropathology, inflammation, and microglial cell
activation. Hence, microglia’s once-protective role may become destructive to neurons and other
brain cells. This self-perpetuating, cyclical process, known as microgliosis, further exacerbates

inflammation in the CNS, and leads to neuronal death (Block et al., 2007). See Figure 2.

Inflammatory Mi : : Neuronal
trigger icroglial activators ) death/damage
88 (laminin, MMP3, a-synuclein, 8

Substance P neuromelanin)
AB
l LPS
Reactive microgliosis

4

Self-perpetuating ’ 71

neurotoxicity

Microglial activation MPTP/MPP* T

Neurotoxic factors Glutamate
(PGE,, IL-1B, TNFo, NO, NOO-, )
0,7, H,0,) Direct
2 Py .
neurotoxic
insult

Figure 2. Microgliosis results in neuronal death (Block et al., 2007).

Preceding research has clearly demonstrated that pro-inflammatory mediators are
connected to AD pathologies (Dursun et al., 2015; Engelhart et al., 2004; Gezen-Ak et al., 2013).

For example, Dursun and colleagues (2015) found that early onset AD patients have significantly
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increased levels of IL-1 and IL-6 in their serum compared to healthy individuals. Further,
Engelhart et al. (2004) reported that middle-aged adults with higher levels of pro-inflammatory
mediators, including TNF-a, IL-6, IL-1p, and C-reactive protein (CRP), have an increased risk
of developing AD. Collectively, this research suggests that increased pro-inflammatory cytokine

production in the periphery of the body may provoke or exacerbate AD pathogenesis in the CNS.

In support of this hypothesis, our laboratory has previously demonstrated that repeated
exposure to inflammatory stimuli generates hippocampal ABi-4> and cognitive dysfunction in
wildtype mice that are not predisposed to AD (Kahn et al., 2012; Kranjac et al., 2012; Weintraub
et al., 2013; Weintraub et al., 2014). Our laboratory works with wildtype mice to study SAD, as
the etiology of SAD is still in question, and remains the more prevalent subtype of AD. Previous
work has shown that lipopolysaccharide (LPS), an element from the cell wall of gram-negative
bacteria, induces an inflammatory response in wildtype mice (Kahn et al., 2012; Lee et al.,
2008). During the innate immune response, pattern recognition receptors (PRRs) on immune
cells detect pathogen-associated molecular patterns (PAMPS) that are present on pathogen
surfaces, and thus activate immune signaling pathways (Dantzer, 2009; Parham, 2013). Upon

activation, immune cells secrete pro-inflammatory mediators, such as type I interferon, to protect

the body.

Toll-like receptors (TLRs) are PRRs that play a key role during the immune response
(Kawasaki & Kawai, 2014). For example, when PAMPS are detected, toll-like receptor 4
(TLR4) recruits the protein MyD88 and initiates its movement to the cell surface. Next, MyD88
activates signal transduction pathways, and subsequently activates the transcription factor NF-
kB, which, in turn, facilitates the transcription of pro-inflammatory cytokines (Kawasaki &

Kawai, 2014; Lee et al., 2003). LPS is a TLR4 agonist that initiates this process, and ultimately
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induces pro-inflammatory cytokine secretion (Kawasaki & Kawai, 2014). Historically, our
laboratory has demonstrated that seven consecutive days of intraperitoneal LPS injections
induces cognitive dysfunction and the production of soluble AP in the hippocampus of wildtype,
C57BL/6 mice that are not genetically predisposed to AD (Kahn et al., 2012; Weintraub et al.,

2013).

Additionally, we study different environmental factors that may further exacerbate LPS-
induced inflammation, to explore potential causal factors involved in SAD in wildtype mice, as
they do not generate large amounts of soluble AP without an inflammatory stimulus present.
Furthermore, our laboratory has also found that repeated exposure to a viral mimetic and TLR3
agonist, poly I:C, disrupts contextual fear memory consolidation and engenders soluble
hippocampal A production in C57BL/6 mice (Weintraub et al., 2014). Collectively, these data
suggest that repeated inflammatory exposure may contribute to the development of SAD, and

thus, the implementation of anti-inflammatory strategies could be key for AD therapeutics.

1c. AD Risk Factors

Prior research has identified several environmental risk factors for AD, such as aging,
chronic stress, poor cardiovascular health, diabetes mellitus type II, and sedimentary lifestyle
("2023 Alzheimer's disease facts and figures," 2023; Baranowski, Hayward, et al., 2018;
Livingston et al., 2020). Most recently, mid-life obesity has been reported as the number one
modifiable risk factor for AD (Livingston et al., 2020). Like AD, obesity prevalence has
increased at an alarmingly high rate in the United States over the last few decades. The CDC
reported that over 72% of Americans are overweight or obese (Fryar et al., 2021; Fryar CD,
2020; Hales et al., 2018). In 2016 alone, Americans spent nearly $480 billion dollars on

healthcare and treatment for chronic diseases that are typically comorbid with obesity (Burguera
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et al., 2021). Notably, healthcare for obesity-induced chronic diseases accounts for almost half of

the total costs for chronic disease treatment in the U.S (Waters, 2018).

Obesity prevalence has most likely increased due to the introduction of novel dietary
factors in the United States (Cordain et al., 2005; Simopoulos, 2006). The American diet has
rapidly evolved over the last few decades, and Americans are choosing more convenient, time-
and cost-efficient meal choices (Simopoulos, 2006). Novel dietary components, such as refined
grains, sugars, chemicals, dyes, pesticides, and preservatives, have been introduced to Americans
throughout the last century (Cordain et al., 2005; Simopoulos, 2006). The typical American diet,
notoriously known as the Western diet (WD), contains bountiful processed ingredients that may
lead to severe health consequences, including obesity, which are commonly comorbid with
several other diseases, such as cardiovascular disease and diabetes mellitus type II (Barnard et
al., 2014; Bruce-Keller et al., 2009; Mozaffarian et al., 2010; Whitmer et al., 2007). Furthermore,
prior research has demonstrated that increased body weight and body mass index (BMI) are
correlated with an increased risk of developing AD, and individuals with a BMI over 25 kg/m?
are typically considered overweight or obese (Naderali et al., 2009; Raatz et al., 2017).
Specifically, mid-life obesity further increases one’s risk of developing AD, especially in women

(Whitmer et al., 2007).
2. Introduction to the Western Diet

Cordain and colleagues studied Western dietary patterns and found that 72.1% of the total
energy consumed by Americans is composed of refined cereals, sugars, and vegetable oils, in
addition to high-fat dairy products, and alcohol (Cordain et al., 2005). See Figure 3.
Additionally, the WD is notorious for its poor nutritional value, as it is commonly filled with

processed foods that lack vital nutrients and fiber. Fruits and vegetables, along with other
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complex carbohydrates, are key sources of fiber that are essential for human health. Notably,
only a paltry 10% of Americans consume the recommended servings of fruits and vegetables per

day (Lee et al., 2022).

An additional contributor to America’s rise in obesity and chronic disease is fast-food
(Fryar, 2018; Simopoulos, 2006; Urban et al., 2014). Urban and colleagues (2014) found that
fast-food consumption has rapidly increased within the last thirty years, and Americans
consumed about 83% more fast food in 2010 in comparison to the late 1900’s. More recent data
have also revealed that 1 out of 3 Americans consume fast food daily (Fryar, 2018). Overall, this
substantial increase in fast-food consumption is likely perilous to human health. For example,
Urban and colleagues (2014) found that a large-sized combo meal at a fast-food restaurant,
including a cheeseburger, French fries, and soda usually provides about 65 — 80% of calories in a
2,000-calorie per day diet. Thus, Americans are consuming copious amounts of animal-based fat
and protein, as well as refined carbohydrates and sugars, and evidence suggests that increased

consumption of these four dietary factors may increase one’s risk of developing AD.
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Figure 3. Dietary Factors and Total Energy Consumed by Americans (Cordain et al.,
2005). Cordain and colleagues (2005) reported that about 48.2% of the typical American diet is

comprised of refined vegetable oils, sugar, high-fat dairy, and alcoholic beverages.

2a. Fatty Acids in the Western Diet

The average total fat intake for an American adult is approximately 34% kilocalories
(kcal) from fat, specifically 33.6% kcal from fat, for men, and 33.5% kcal from fat, for women
(Wright & Wang, 2010). There are four different types of fatty acids, including saturated fatty
acids (SFA), trans-unsaturated fatty acids, monounsaturated fatty acids (MUFA), and
polyunsaturated fatty acids (PUFA). The WD is largely composed of SFA, which is commonly
found in animal-based foods, such as processed meat and high-fat dairy products, and in some
plant-based foods, such as coconut oil and palm oil (Huth et al., 2013). While most SFA’s in the
WD are found in animal-based foods, like red meat, milk, cream, butter, and cheese, unsaturated

fatty acids typically come from plants, such as oils, nuts, and legumes. Shan and colleagues
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(2019) examined dietary trends and macronutrient intake among American adults from 1999 to
2016 and found that SFA consumption has increased by 36% over the last two decades (Shan et
al., 2019). Data from this study also revealed that American adults typically consume about 12%
kcal from SFA per day, even though it is recommended to consume less than 10% kcal from
SFA per day (Shan et al., 2019). While some fatty acids are nutritionally advantageous, like
MUPFAS, large quantities of SFA can be detrimental to one’s health. There are many
ramifications associated with consuming large quantities of SFA, such as increased LDL
cholesterol in the blood, that may increase one’s risk of having heart disease (Mozaffarian et al.,

2010).

2b. The Harmful Effects of Western Diet Fatty Acids

Additionally, previous research has also indicated that increased consumption of SFA
(Kien et al., 2015; Poppitt et al., 2008; van Dijk et al., 2009) and red meat (Montonen et al.,
2013) is associated with increased pro-inflammatory mediators in adults. For example, a
previous study found that a Western-style diet, rich in SFA, increased inflammatory gene
expression in the adipose tissue of adults at risk of developing metabolic syndrome (van Dijk et
al., 2009). Accordingly, research in human subjects has shown that the inflammatory nature of
high SFA diets increases one’s risk of developing several diseases, such as heart disease

(Mozaffarian et al., 2010) and dementia (Kalmijn et al., 1997).

Compared to other dietary patterns around the world, the WD contains more SFA in
comparison to unsaturated fatty acids. As previously stated, there are two types of unsaturated
fatty acids, including MUFAS and PUFAS, and there are two additional subtypes of PUFAS,
including omega-6 and omega-3 fatty acids (Bazinet & Layé¢, 2014). Although PUFAS are

necessary for proper brain development and cognitive function, nutritional research has
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demonstrated that a balanced ratio of PUFAS is imperative to human health. The recommended
ratio of omega-6 to omega-3 is 1:1 or 2:1, however, the average American typically consumes an
omega-6 to omega-3 ratio of 15:1(Cordain et al., 2005; Simopoulos, 2006). Refined oils, such as
safflower oil, corn oil, soybean oil, palm oil, and coconut oil, are the key omega-6 sources in the
Western diet. Although small amounts of omega-6 are healthy and even considered anti-
inflammatory, a proper balance of omega-6 to omega-3 is crucial in disease prevention

(Simopoulos, 2016).

Furthermore, the WD lacks essential omega-3 fatty acids, and omega-3 deficiency is
associated with an increased risk of developing obesity and cognitive decline (Bazinet & Layé,
2014; Phillips et al., 2012). Prior research has also revealed that AD patients have significantly
lower levels of a subtype of omega-3 fatty acid, called docosahexaenoic acid (DHA), in
comparison to healthy adults (Prasad et al., 1998; Soderberg et al., 1991). Overall, previous
studies suggest that omega-3 fatty acid deficiency, in addition to substantial omega-6 and SFA

intake, may act as a significant risk factor for AD.

2¢. Protein in the Western Diet

The WD contains plentiful animal-based proteins rather than plant-based proteins. The
CDC reported that men typically consume about 16% kcal from protein, while women consume
about 15.5% kcal from protein per day (Wright & Wang, 2010). Animal-based protein intake has
significantly increased in America since the year 2000 (Wright & Wang, 2010). Typical protein
sources in the WD include a variety of animal-based proteins, such as processed meat, high-fat
dairy products, casein protein, and eggs. Collectively, prior research has also revealed that
increased consumption of animal-based protein is correlated with AD development (Dodge et al.,

2012; Grant, 2014).
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2d. Refined Carbohydrates and Fiber Deficiency in the Western Diet

The WD is largely comprised of refined carbohydrates, grains, and sugars that are
typically found in foods like white bread, baked goods, and pastries. The typical WD provides
about 50% kcal from carbohydrates per day (Wright & Wang, 2010). However, it contains
superfluous amounts of simple carbohydrates in comparison to fiber-rich, complex carbohydrates
(Cordain et al., 2005). For example, Cordain and colleagues (2005) found that Americans
typically consume 24% kcal from cereal grains per day, and refined grains make up 20.4% kcal
of total energy, while whole grains only make up 3.5% kcal of total energy per day. Fiber is
essential for both gut and brain health, due to its ability to regulate blood sugar and aid in
digestion. Although nutritionists recommend that people should consume at least 14 grams of
fiber per 1,000 kcal consumed per day, a recent study reported that only about 7.4% of American
adults meet this recommendation (Miketinas et al., 2021). Thus, the average American diet is

vastly fiber deficient, and this could render serious health consequences.

There are two key types of fiber, including both soluble and insoluble fiber. First, soluble
fiber plays an important role in the regulation of blood sugar and cholesterol (Brown et al.,
1999). Therefore, soluble fiber consumption is crucial for disease prevention, such as diabetes
mellitus type II, which is a known risk factor for AD. Indeed, prior studies have already
demonstrated that soluble fiber, like inulin, reduces inflammation in diabetes mellitus type II
patients (Dehghan, Gargari, et al., 2014; Dehghan, Pourghassem Gargari, & Asghari Jafar-abadi,
2014). Typical sources of soluble fiber include plant-based foods, such as oatmeal, nuts,
legumes, beans, and fruit. Second, insoluble fiber, commonly found in foods such as wheat

products, brown rice, and leafy greens, is also necessary for proper digestion (Guan et al., 2021).

2e. Fiber Deficiency and the Gut Microbiome
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In addition to slowing down digestion and preventing a spike in blood glucose levels, a
high-fiber diet is necessary to maintain essential bacteria in the gut microbiome (Turnbaugh et
al., 2009). For example, a fiber-rich diet provides plentiful microbiota-accessible carbohydrates
(MAC:s) that lead to the production of vital short-chain fatty acids, like butyrate, in the intestines
and colon, and, therefore, stimulates growth of essential and healthy microbiota (Sonnenburg &
Sonnenburg, 2014). However, the WD does not provide enough MACs to maintain gut essential

and diverse microbiota (Desai et al., 2016; Sonnenburg & Sonnenburg, 2014).

Previous research has demonstrated that fiber-deficient diets, such as the WD, may
increase one’s risk of developing chronic diseases, like diabetes mellitus type I (McKeown et
al., 2004; Schulze et al., 2004; Weickert & Pfeiffer, 2018). The gut and brain are connected via
the gut-brain axis, and essential microbiota are known to influence human health and behavior
through multiple interactive mechanisms (Burokas et al., 2015). For example, the presence of
essential gut bacteria, such as Bifidobacterium, has been associated with reduced inflammation in
the gut, whereas gram-negative bacteria and other harmful microbes have been shown to
exacerbate inflammation in the gut of C57BL/6 mice (Li et al., 2018). Indeed, as the gut and
brain are functionally interconnected, it is important to maintain a healthy gut microbiome and

prevent excess inflammation, as this may influence brain health, as well (Burokas et al., 2015).

2f. Refined Sugars in the Western Diet

Refined carbohydrates and sugars are considered high glycemic load foods, because they
increase blood glucose, insulin resistance, adiposity, and body weight, all of which are known
risk factors for diabetes mellitus type Il and AD (Christ et al., 2019; Cordain et al., 2005; Elliott
et al., 2002; Hill et al., 2019; McKeown et al., 2004; Schulze et al., 2004). Collectively, prior

research has revealed that high glycemic index foods, like refined cereal grains, make up almost
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40% of the total energy provided by the (Cordain et al., 2005). Therefore, these data indicate that
Americans are not consuming enough whole grains, and they are choosing less nutrient dense,
high glycemic carbohydrate sources. Additionally, refined sugars provide 19% of the total

energy from the typical WD (Cordain et al., 2005).

As previously stated, about 90% of Americans do not consume the recommended number
of fruits and vegetables (Lee et al., 2022), so most sugar in the WD is obtained through the
consumption of high glycemic load foods, like white bread, refined cereals, pastries, and desserts
(Cordain et al., 2005). The average American consumes about 13% kcal from refined sugars per
day, even though nutritionists recommend consuming less than 10% kcal from sugar per day
(Nutrient intakes from food and beverages: mean amounts consumed per individual, by gender
and age, What We Eat in America, NHANES 2013-2014. , 2016; Urban et al., 2014).
Furthermore, another study reported about 18.6% of total energy in the WD was provided by

refined sugars (Cordain et al., 2005).

Consequently, research in senior adults has shown that excessive consumption of refined
grains and sugars increases AD biomarkers (Taylor et al., 2017). Taylor and colleagues (2017)
found that increased consumption of refined grains and sugars induces A} production in the
cortical region of cognitively healthy, senior adults. Additionally, seniors who consumed excess
refined grains and sugars received lower scores on cognition tests in comparison to seniors who
consumed a healthier diet (Taylor et al., 2017). Overall, the WD has been associated with
increased disease risk, and thus, the implementation of healthier diets in the U.S. could target
modifiable risk factors of AD and potentially reduce AD prevalence (Livingston et al., 2020).
Emerging research suggests that the Mediterranean diet (MD) could be utilized to target AD risk

factors, as it has already been associated with reduced risk of mortality (Trichopoulou et al.,
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2003; Trichopoulou et al., 1995; Trichopoulou & Vasilopoulou, 2000), weight gain and obesity
(Poulimeneas et al., 2020; Sanchez-Villegas et al., 2006; Schroder et al., 2004), and 34% less

risk of AD (Gu et al., 2010) in older adults.

3. Introduction to the Mediterranean Diet

In a few areas of the world, AD prevalence is minimal, and almost nonexistent. These
areas are known as Blue Zones, and they are home to the world’s largest populations of
centenarians (Buettner, 2015). National Geographic journalist and researcher, Dan Buettner,
identified five Blue Zones around the world, including Loma Linda (California), Nicoya (Costa
Rica), Sardinia (Italy), Icaria (Greece), and Okinawa (Japan). People who reside in Blue Zones
are known for their exceptional dietary patterns, active lifestyles, and longevity. Notably, two
Blue Zones, including Sardinia and Ikaria, border the Mediterranean Sea, and increased
longevity and low disease prevalence in these regions is largely attributed to adherence to the
traditional MD (Buettner, 2015; Chrysohoou et al., 2004; Legrand et al., 2021; Panagiotakos et

al., 2011; Trichopoulou, 2004; Trichopoulou et al., 2003; Trichopoulou & Vasilopoulou, 2000).

The MD is the typical dietary pattern among people who live in olive-growing regions
bordering the Mediterranean Sea (Trichopoulou, 2004; Trichopoulou et al., 2003; Trichopoulou
et al., 2014). Key components of the MD include high consumption of monounsaturated fatty
acids (MUFAS), the main fat source in olive oil, legumes, complex carbohydrates, fruits,
vegetables, and moderate consumption of red wine, milk and low-fat dairy products (Bach-Faig
et al., 2011; Trichopoulou, 2004). Notably, the MD is a mainly plant-based, although poultry,
fish, and other meat products are still consumed sparingly (Trichopoulou, 2004). People who
strictly adhere to the MD typically eat fruits, vegetables, complex carbohydrates, and olive oil

with every meal (Bach-Faig et al., 2011). Additionally, they typically consume two servings of
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low-fat dairy, and two servings of olives or nuts each day. Fish, poultry, and eggs are also
consumed about two times per week, while red meat is typically consumed three to four times

per month, see Figure 5 (Bach-Faig et al., 2011).

Trichopoulou and colleagues (1995) studied the potential health benefits of the MD in
Greek adults and found that lifelong adherence to the traditional MD significantly reduced
mortality risk by 17%, and fruits and vegetables were the most important components to protect
against mortality. Dr. Antonia Trichopoulou was the first researcher to create the Mediterranean-
diet score, a scale that accurately depicts adherence to the traditional MD (Trichopoulou et al.,
2003; Trichopoulou et al., 1995). The Mediterranean Diet Score measures MD adherence by
scoring the consumption of nine dietary factors, including vegetables, legumes, fruits and nuts,
fish, dairy products, cereals, meat and poultry, and alcohol (Bach-Faig et al., 2011; Trichopoulou
et al., 2003; Trichopoulou et al., 1995). A high MD score (maximum score of 9) signifies strict
adherence to the traditional MD (Bach-Faig et al., 2011; Trichopoulou et al., 2003; Trichopoulou
et al., 1995), and an increased score of 2 points on the Mediterranean-diet scale was associated

with a 25% reduced risk of total mortality (Trichopoulou et al., 2003).
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Figure 4. The Mediterranean Diet Pyramid (Bach-Faig et al., 2011).
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Several studies have utilized magnetic resonance imaging (MRI) to investigate the effects
of the MD on the brain, and close adherence to the MD has been associated with protection from
AD pathologies, including amyloid beta (AB) (Berti et al., 2018; Rainey-Smith et al., 2018),
brain atrophy (Gu et al., 2015; Kaplan et al., 2022; Mosconi et al., 2014; Staubo et al., 2017), and
cognitive decline (Féart et al., 2009; Qin et al., 2015; Scarmeas et al., 2009; Tangney et al., 2011;
Trichopoulou et al., 2015; Tsivgoulis et al., 2013) in middle-aged and elderly adults.
Specifically, high adherence to the MD has been associated with reduced ventricular
enlargement and atrophy in the hippocampus and temporal cortex of middle-aged adults (Gu et
al., 2015; Mosconi et al., 2014), while low adherence has been shown increase atrophy and
induce cortical thinning (Mosconi et al., 2014). A recent study provided even more evidence for
the neuroprotective benefits of the MD, and reported that the MD was associated with reduced
global AD pathology and AP in post-mortem brains of elderly adults from the Rush Memory and
Aging Project. Among each MD component, high leafy green intake was associated with the

lowest global AD pathology (Agarwal et al., 2023)

3a. Fatty Acids in the Mediterranean Diet

There are several variations of the MD, such as Italian, Greek, and Israeli, and each
variant of the MD provides different amounts of macronutrients and micronutrients. For
example, Greeks typically consume about 40% kcal from fat, while Italians consume about 30%
kcal from fat (Trichopoulou et al., 2003; Trichopoulou et al., 2014). Overall, research in human
subjects has established that the typical MED provides about 35— 40% kcal from fat
(Trichopoulou, 2004; Trichopoulou et al., 2003; Trichopoulou et al., 2014). The main fat source

in the MD is olive oil, as it is commonly consumed with every meal (Bach-Faig et al., 2011). For
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example, in Ikaria, olive oil provides more than half of the total energy from fat per day

(Buettner, 2015; Legrand et al., 2021).

The MD is considered a high-fat diet, due to abundant consumption of unsaturated fatty
acids. Indeed, MUFAS and PUFAS, are thought to be potent contributors to the protective
benefits of the MD (Trichopoulou et al., 2003). For example, Trichopoulou and colleagues
(2003) found that increased consumption of MUFAS, in comparison to SFA, is associated with a
decreased risk of mortality. Omega-9 is a type of MUFA that is a key dietary factor in the MD,
and it is typically provided through olive oil consumption (Bach-Faig et al., 2011; Panagiotakos
et al., 2011). Omega-9, such as oleic acid, is essential to brain health, and it is involved in several
cellular processes, including myelin sheath formation (Bazinet & Lay¢, 2014). Moreover, a
review reported that the typical MD provides about 19% kcal from MUFAS and about 5% kcal
from PUFAS (Davis et al., 2015), while other researchers have reported that the typical Greek

MD provides about 3.6% kcal from PUFAS (Trichopoulou et al., 2005).

3b. The Neuroprotective Role of Fatty Acids in the Mediterranean Diet

Omega-6 and omega-3 long-chain fatty acids are an important component of the MD, and
are commonly obtained through olive oil, nuts, and fatty fishes (Simopoulos, 2001). As
previously discussed, it is crucial to consume a balanced ratio of omega-6 to omega-3, and the
MD typically provides a ratio of 1:1 or 2:1 (Davis et al., 2015; Simopoulos, 2001; Trichopoulou
et al., 2005). Omega-6 and omega-3 fatty acids are imperative for brain development, learning,
and memory, as they play an important role in neuronal membrane structure and aid in important
cellular activities (Bazinet & Layé¢, 2014; Cutuli, 2017; Dyall, 2015). For example, PUFAS are
broken down by enzymes, and their mediators assist in the regulation of neuroinflammation,

synaptogenesis, and synaptic plasticity (Bazinet & Lay¢, 2014).
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Notably, 35% of the total fatty acids in the human brain consist of omega-6 and omega-3
fatty acids (Bazinet & Layé¢, 2014; Luchtman & Song, 2013). However, PUFAS cannot be
completely synthesized by the body alone, and must be attained through diet (Bazinet & Layé,
2014). Thus, diets containing a balanced ratio of omega-6 and omega-3 fatty acids, like the MD,
could potentially provide neuroprotective benefits. There are two key subtypes of omega-3 fatty
acids, including eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), as well as a key
subtype of omega-6, arachidonic acid (ARA). While other fatty acids, such as MUFAS and
SFAs, can be created in the brain, PUFAS are typically created in the blood and can be
transported to the brain via diffusion (Bazinet & Lay¢, 2014). Once fatty acids enter the brain,
they are typically esterified into phospholipids, and DHA and ARA are the two most common
fatty acids that make up the phospholipid membrane of cells. DHA is particularly important for
synaptogenesis and cognition, as it has been shown to promote new hippocampal neurons in

vitro (Calderon & Kim, 2004), and improve cognition in aging adults (Cutuli, 2017).

Due to DHA'’s ability to stimulate neurogenesis, it is a crucial dietary factor for proper
brain development in infants (Innis, 2008). Prior research has demonstrated that the brain
accumulates large amounts of DHA throughout gestation, as this is a key time in neural
development, especially during the third trimester of pregnancy (Hadley et al., 2009; Kuipers et
al., 2012). Additionally, prior studies have shown that DHA-rich baby formulas improve
neurodevelopmental scores, in comparison to DHA deficient formulas, in young children
(Cheatham et al., 2011; Lauritzen & Carlson, 2011). Notably, evidence suggests that DHA
deficiency may be a contributing factor in AD pathogenesis, as a previous study reported that
deceased AD patients had lower levels of DHA in the hippocampus compared to healthy controls

(Lukiw et al., 2005).
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Prior research has clearly established that combined fatty acids in the MD, largely
provided through olive oil, fish, and nut consumption, facilitate protection against cognitive
impairment (Martinez-Lapiscina et al., 2013; Scarmeas et al., 2009; Singh et al., 2014; Solfrizzi
et al., 1999; Valls-Pedret et al., 2015), and inflammation (Casas et al., 2014; Casas et al., 2016;
Casas et al., 2017) in elderly adults. For example, Casas and colleagues (2016, 2017)
administered a MD, supplemented with olive oil or nuts, or a low-fat control diet, to older adults
for five years, and found that both styles of the MD were protective against peripheral pro-
inflammatory mediators. However, the MD enriched with high olive oil content was the most
protective against inflammation, as it significantly decreased peripheral pro-inflammatory
cytokine production in comparison to the other two diets (Casas et al., 2016; Casas et al., 2017).
As inflammation is interconnected with AD pathologies, these data suggest that consistent
consumption of an olive oil rich MD may protect elderly adults from diseases that have a chronic

inflammatory component, such as AD.

3c. Protein Sources in the Mediterranean Diet

The MD typically provides about 15-20% kcal from protein (Trichopoulou et al., 2005).
The average protein requirement for adults is about 41 grams per day, and the Greek MD
provides about 74.5 grams of protein (Trichopoulou et al., 2005). People living in Mediterranean
regions typically consume a variety of plant-based protein sources including beans, lentils, nuts,
and legumes. Although the MD is largely plant-based, it still includes animal-based sources of
protein, including eggs, poultry, fish, low-fat dairy products, such as yogurt, and long-
preservable cheeses, that are consumed in minimal to moderate quantities (Bach-Faig et al.,

2011; Buettner, 2015).

3d. Complex Carbohydrates and Fiber in the Mediterranean Diet
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The primary macronutrient source in the MD is complex carbohydrates, and individuals
living in Mediterranean regions typically consume about 40—48% kcal from carbohydrates per
day (Davis et al., 2015; Trichopoulou et al., 2005). Key carbohydrate sources in the MD include
whole grain bread, whole grain pasta, brown rice, legumes, and potatoes, although they vary by
region around the Mediterranean Sea. For example, Ikarians consume high quantities of potatoes,
while Sardinians consume large quantities of whole durum wheat and barley (Buettner, 2015).
Durum wheat is high in fiber, complex carbohydrates, and protein. Additionally, barley bread is
very popular in Sardinia, due to its high fiber content and low-glycemic index. Hence, fiber-rich
breads and pastas made from ingredients like durum wheat or barely prevent a rapid spike in
blood glucose following a meal (Buettner, 2015; Dehghan, Gargari, et al., 2014; Dehghan,
Pourghassem Gargari, & Asghari Jafar-abadi, 2014). The MD provides about 3—5% kcal from
dietary fiber per day (Trichopoulou et al., 2005). For example, the traditional Greek diet provides
about 2.4% kcal from total fiber, roughly 29.8 grams. Soluble fiber, like inulin, is particularly
beneficial because it has been shown to reduce peripheral inflammatory markers, like TNF-a and
CRP, in diabetic, female patients (Dehghan, Gargari, et al., 2014; Dehghan, Pourghassem
Gargari, & Asghari Jafar-abadi, 2014). The MD provides plentiful soluble fiber in berries, lentils,
whole grain pasta, barley and nuts, whereas insoluble fiber is typically found in foods like brown

rice, fruits, and vegetables (Buettner, 2015; Trichopoulou et al., 2005).

3e. High-Fiber Diets and the Gut Microbiome

Furthermore, fiber is essential for maintaining diverse microbiota and short-chain fatty
acids in the gut (Statovci et al., 2017). The gut microbiome communicates with the brain largely
via vagal afferents and the production of short-chain fatty acids, and, thus, has the potential to

influence cognitive, emotive, and behavioral functions (Bourassa et al., 2016; Garcia-Mantrana
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et al., 2018; Garcia-Montero et al., 2021). More recent discoveries suggest that microbiome
dysbiosis is largely associated with diseases, like obesity and diabetes mellitus type 11 (Garcia-
Mantrana et al., 2018). As previously noted, high-fiber diets, like the MD, provide MACs, which
subsequently induce the production of neuroprotective short-chain fatty acids, such as butyrate,
acetate, and propionate (De Filippis et al., 2016; Garcia-Mantrana et al., 2018). For example,
Garcia-Mantrana et al. (2018) found that healthy adults who closely adhered to the MD had
increased microbial diversity and essential gut microbiota, such as Catenibacterium, and
significantly higher levels of short-chain fatty acids, like butyrate. These findings suggest that

the MD could potentially protect cognitive health via the gut-brain axis.

3f. Protective Antioxidants in the Mediterranean Diet

In addition to the previously discussed macronutrients, the MD provides plentiful plant
polyphenols that are commonly found in olive oil, fruits, vegetables, tea, coffee, red wine, and
Mediterranean herbs and spices. Traditional Mediterranean meals are cooked in a variety of wild
herbs with anti-inflammatory properties, such as mint, rosemary, oregano, sage, and marjoram
(Buettner, 2015). In addition to these anti-inflammatory properties, traditional Mediterranean
dietary factors also provide antioxidants that are necessary for the brain’s oxidative system. As
previously discussed, the brain is susceptible to damage from reactive oxygen species (Gandhi
& Abramov, 2012; Ténnies & Trushina, 2017), and natural antioxidants from plant-based foods

could potentially be utilized to protect the brain from oxidative stress (Omar et al., 2017).

Plant polyphenols contain powerful antioxidant properties that combat oxidative stress
and inflammation (Omar et al., 2017). For example, resveratrol is a plant polyphenol in the MD

provided from berries, peanuts, grapes, and red wine. Prior studies have shown that resveratrol
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supplementation activates the sirtuin 1 gene, a gene that is involved in neuronal plasticity,
cognitive function, and mitochondrial activation (Borra et al., 2005). Additionally, olive oil
provides antioxidants, and it contains over thirty phenolic compounds that have been shown to
attenuate oxidative stress and inflammation in vitro and in vivo (reviewed by Abuznait et al.,
2013). Furthermore, flavonoids are one of the most powerful plant polyphenols found in the MD.
A review article reported that the mean flavonoid intake in the MD is about 344.9 milligrams per
day, and high flavonoid intake may be a leading contributor to low disease prevalence in
Mediterranean regions (Davis et al., 2015). Taken together, prior research has shown that
multiple components of the MD may provide protection against AD biomarkers, inflammation,
and cognitive impairment, and MD experts infer that it is the synergy of numerous dietary factors
in the MD that provide protection against disease and mortality (Trichopoulou et al., 2015;

Trichopoulou et al., 2014).

4. The Effects of the Western and Mediterranean Diets in Animal Research

In addition to research in human subjects, there is an overwhelming amount of evidence
that key components of the WD provoke or exacerbate AD pathologies in both wildtype mice
and transgenic mouse models of AD, respectively. Comprehensively, prior research has
demonstrated that Western rodent diets induce obesity (Baranowski, Bott, & MacPherson, 2018;
Guillemot-Legris, Mutemberezi, et al., 2016; C. Liu et al., 2019), behavioral alterations (Arnold
et al., 2014; Gainey et al., 2016), cognitive impairment (Baranowski, Bott, & MacPherson, 2018;
Boitard et al., 2014; Gabriel et al., 2020; Gainey et al., 2016; Heyward et al., 2012; Knight et al.,
2014; Lin et al., 2016), microbial dysbiosis (Desai et al., 2016), and the onset or progression of

inflammation (Guillemot-Legris, Masquelier, et al., 2016; Pistell et al., 2010), and AD
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biomarkers (Busquets et al., 2017; Julien et al., 2010; Knight et al., 2014; Lin et al., 2016) in

mice.

Conversely, prior studies have demonstrated that Mediterranean dietary factors
incorporated into rodent diets are neuroprotective, although, there is a gap in the current
scientific literature, as few studies have examined the effects of a comprehensive Mediterranean
rodent on AD susceptibility in mice. For example, previous experiments have typically examined
the effects of rodent diets supplemented with only a single Mediterranean dietary factor, rather
than a comprehensive diet that mimics the typical human MD. Despite this clear limitation,
numerous studies have demonstrated that individual components of the MD, like olive oil, fish
oil, and plant polyphenols, are therapeutic against cognitive impairment (Farr et al., 2012;
Lauretti et al., 2017; Petursdottir et al., 2008), AD biomarkers (Abuznait et al., 2013; Grossi et
al., 2013; Lim et al., 2005; Sharman et al., 2019), inflammation (Fuccelli et al., 2018; Li et al.,

2018), and microbial dysbiosis (Yu et al., 2019) in mice.

4a. The Effects of Diet on Body Weight in Rodents

A multitude of studies have demonstrated that a WD engenders excess body weight and
obesity, in comparison to low-fat control diets, in mice (Arnold et al., 2014; Graham et al., 2016;
Heyward et al., 2012; Lin et al., 2016; Pistell et al., 2010; Xu et al., 2018). For example, multiple
studies have shown that SFA rich diets (40% kcal or 60% kcal from fat vs. a low-fat control diet)
induce significant weight gain in male C57BL/6 mice (Pistell et al., 2010; Xu et al., 2018).
However, other researchers have found that a WD does not significantly increase rodent body
weight when it is compared to other high-fat diets. For example, Li and colleagues (2018)
examined the effects of a Western rodent diet versus a plant-based, PUFA rich rodent diet, and

failed to find significant differences in body weight in female C57BL/6 mice. Collectively, prior
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research has confirmed that the Western diet increases body weight in comparison to low-fat
rodent diets. However, more research is needed to explore the effects of high SFA Western diets

in comparison to high unsaturated fat diets, like the MD.

As previously noted, there is limited research on the effects of a comprehensive MD in
rodents. However, some studies have found that olive oil supplementation protects rodents from
excess body weight compared to SFA rich diets (Lauretti et al., 2017; Nakajima et al., 2020).
However, even when examining Mediterranean dietary factors, there are conflicting results in the
scientific literature, as other studies have not found significant effects of such factors on body
weight in wildtype mice and transgenic mouse models of AD (Marchlewicz et al., 2022;
Nardiello et al., 2018; Sharman et al., 2019). More research is needed to understand the complex

effects of different dietary patterns on body weight and obesity in rodents.

4b. The Effects of Diet on Cognition in Rodents

Prior research has clearly established that a WD disrupts learning and memory processes
in rodents (Abbott et al., 2019; Kanoski & Davidson, 2011; Tsan et al., 2021). Western-style
rodent diets have been shown to impair learning during hippocampus-dependent tasks, such as
the Morris water maze and place recognition tasks, in both wildtype mice and transgenic mouse
models of AD (reviewed in Abbott et al., 2019). For example, Western rodent diets, containing
40 — 60% kcal from fat (primarily SFA), have been shown to exacerbate or induce cognitive
impairment in transgenic mouse models of AD (Kanoski et al., 2007; Knight et al., 2014; Lin et
al., 2016; Walker et al., 2017), and male C57BL/6 mice (Heyward et al., 2012; Pistell et al.,

2010; Xu et al., 2018).

On the other hand, rodent diets supplemented with Mediterranean dietary factors have

been shown to improve cognition, and prior evidence suggests that PUFAS are a key dietary
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factor that contribute to cognitive health. Notably, mice synthesize higher quantities of PUFAS
in the blood rather than the brain, and the MD could potentially improve PUFA synthesis in
rodents (Bazinet & Layé, 2014). For example, rodent diets supplemented with plant polyphenols,
olive oil, or fish oil, have been shown to improve learning and memory in both male (Farr et al.,
2012; Grossi et al., 2013; Nardiello et al., 2018) and female (Farr et al., 2012; Grossi et al., 2013;

Lauretti et al., 2017; Li et al., 2018).

As noted stated, currently, only limited research exists addressing the effects of a
complete MD on cognition in rodents. However, two recent studies examined the combined
effects of multiple dietary components in the MD on cognition in mice (Li et al., 2018; Sharman
et al., 2019). Sharman et al. (2019) administered diets containing several Mediterranean dietary
factors, including curcumin, epigallocatechin-3-gallate, DHA and ALA fatty acids to a
transgenic mouse model of AD. The results revealed that diets supplemented with curcumin and
epigallocatechin-3-gallate increased hippocampus-dependent learning in contextual fear
conditioning in transgenic mice (Sharman et al., 2019). Furthermore, Li and colleagues (2018)
examined the effects of a PUFA-rich, plant-based diet versus a WD in female C57BL/6 mice.
Mice were administered one of the two experimental diets for 3 months prior to behavioral
testing, and the results revealed that the plant-based diet significantly enhanced spatial learning
in comparison to a WD (Li et al., 2018). Moreover, research has also shown that short-chain fatty
acids, produced from dietary fibers, are neuroprotective. For example, supplementation of
sodium butyrate has been shown to improve learning and memory in rodents (Fernando et al.,
2020; Govindarajan et al., 2011). As fiber is a key factor in the MD, more research is needed to
examine the effects of diets rich in both soluble and insoluble fiber on learning and memory in

rodents.
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4c. The Effects of Diet on Behavior and Locomotor Activity in Rodents

In addition to influencing cognition, prior research has clearly established that a WD has
increases anxiety-like behaviors, and decrease exploratory behaviors and locomotor activity in
mice. For example, several studies have illustrated that Western rodent diets increase anxiety-
like behaviors in both male (Gainey et al., 2016; Nakajima et al., 2020; Walker et al., 2017) and
female rodents (Li et al., 2018; Walker et al., 2017). Additionally, prior studies have also
demonstrated that Western rodent diets decrease exploratory behavior (Heyward et al., 2012;
Knight et al., 2014; Oksman et al., 2006; Walker et al., 2017) and locomotor activity in both
male (Gabriel et al., 2020; Nakajima et al., 2020; Oksman et al., 2006; Walker et al., 2017) and

female rodents (Li et al., 2018; Walker et al., 2017).

On the contrary, Mediterranean dietary factor supplementation and plant-based diets have
been shown to reduce anxiety-like behaviors and increase exploratory behaviors in male
(Lauretti et al., 2017; Nakajima et al., 2020; Oksman et al., 2006) and female rodents (Li et al.,
2018). Altogether, the previously discussed data suggest that Mediterranean dietary components
may reduce anxiety and improve locomotor activity in male and female rodents compared to a

WD.

4d. The Effects of Diet on Inflammation in Rodents

Prior research has also explored the relationship between the WD and inflammation in
rodents, as pro-inflammatory cytokine production has been shown to influence behavior,
learning, and memory processes (Dantzer & Kelley, 2007; Dantzer et al., 2008; Maier &
Watkins, 1998). There is substantial evidence that both short-term and long-term consumption of
a WD induces systemic inflammation in mice. Numerous studies have demonstrated that

Western rodent diets increase peripheral pro-inflammatory cytokine production in wildtype mice
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(Graham et al., 2016; Li et al., 2018; C. Liu et al., 2019; Pistell et al., 2010). For example, Pistell
and colleagues (2010) and Li and colleagues (2018) both found that Western rodent diets
significantly increased the production of TNF-a, IL-13, and IL-6 in the serum of male and

female C57BL/6 mice.

On the other hand, animal researchers have further studied the potential, anti-
inflammatory effects of plant polyphenols found in olive oil, to understand olive oil’s specific
therapeutic properties. For example, several studies have examined the effects of hydroxytyrosol
treatment on pro-inflammatory cytokine production in mice (Bitler et al., 2005; Fuccelli et al.,
2018; Illesca et al., 2019; Rincon-Cervera et al., 2016). Furthermore, plant-based diets,
supplemented with a variety of plant polyphenols, have also been shown to reduce peripheral
pro-inflammatory mediators in mice. For example, Li and colleagues (2018) found that a plant-
based diet significantly reduced TNF-a, IL-6, IL-1p, and MCP-1, and increased the anti-
inflammatory cytokine, IL-10, in comparison to a WD. Likewise, fish oil or DHA
supplementation has also been shown to lower peripheral pro-inflammatory mediators in mice
(Akerele & Cheema, 2018; Xie et al., 2020).Although there is limited research on the potential,
anti-inflammatory effects of a whole MD in rodents, these studies demonstrate that individual
elements in the MD are anti-inflammatory. Hence, future research is needed to further
investigate the potential, therapeutic capacity of a comprehensive MD on peripheral and central

inflammation in rodents.

4e. The Effects of Diet on AD Pathologies in Rodents

In addition to promoting inflammation, plentiful studies have shown that Western rodent
diets promote or exacerbate AD biomarkers, such as AB, in C57BL/6 mice (Busquets et al.,

2017; Liu et al., 2014; Moser et al., 2018) and transgenic mouse models of AD (Graham et al.,
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2016; Ho et al., 2004; Hooijmans et al., 2007; Julien et al., 2010; Oksman et al., 2006; Vandal et
al., 2014; Walker et al., 2017), respectively. For example, there is substantial evidence that
chronic consumption of Western rodent diets exacerbates hippocampal A} production and
plaque deposition in the APP/PS1 mouse model of AD, in comparison to standard, control diets
(Graham et al., 2016; Hooijams et al., 2007; Oksman et al., 2006). Additionally, both Julien et al.
(2010) and Vandel et al. (2014) demonstrated that Western rodent diets exacerbate the
production of ABi1-40and ABi-42in comparison to standard, control diets in the 3xTgAD mouse

model of AD.

In contrast to the WD, individual components of the MD, like olive oil, have been shown
to attenuate or prevent hippocampal and cortical ABi—42 in transgenic mouse models of AD
(Lauretti et al., 2017; Qosa et al., 2015) and wildtype mice (Abuznait et al., 2013), respectively.
Additionally, previous studies have demonstrated that plant polyphenols in olive oil can be used
as amyloid reducing agents in rodents (Grossi et al., 2013; Luccarini et al., 2014; Nardiello et al.,
2018). For example, oleuropein aglycone, a plant polyphenol found in olive oil, attenuated A3
plaques in a transgenic mouse model of AD (Grossi et al., 2013), and reduced AP1-4> in Wistar
rats treated with A intracerebral injections (Luccarini et al., 2014). Hydroxytyrosol has also

been shown to mitigate AP plaques in a mouse model of AD (Nardiello et al., 2018).

Similarly, fish oil and DHA (a primary long-chain fatty acid in fish oil) are also
neuroprotective in rodents. Several studies have revealed that fish oil or DHA supplementation
mitigates hippocampal and cortical AP production in transgenic mice (Green et al., 2007; Lim et
al., 2005; Oksman et al., 2006; Perez et al., 2010; Zhou et al., 2018). For example, both Lim et
al. (2005) and Perez et al. (2009) found that DHA supplemented rodent diets attenuated Af}

plaques in the hippocampus of transgenic mouse models of AD. Collectively, these data
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demonstrate that Mediterranean dietary factors, particularly olive oil and fish oil, could

potentially be utilized as amyloid lowering therapies.

4f. The Effects of Diet on the Liver-Brain Axis

More recent evidence suggests that impaired liver function, typically induced by
nonalcoholic fatty liver disease (NAFLD), may potentially induce or exacerbate AD
neuropathology in wildtype mice and transgenic mouse models of AD (Cheng et al., 2023; Kim
et al., 2016). Notably, high SFA diets, like the WD, have been shown to engender NAFLD in
mice (Castellanos-Tapia et al., 2020; Recena Aydos et al., 2019). The liver plays a pivotal role in
the clearance of toxins, like peripheral AP, and thus is thought to be implicated in AD
neuropathology. A damaged, fatty liver cannot properly clear AP from the blood, and thus,
circulating AP can potentially transport to the brain via multiple mechanisms (Greenberg et al.,

2020).

In a pathogenic state, like AD, the blood brain barrier (BBB) may be damaged, and
abnormal transport of peripheral AP can occur through the receptor for advanced glycation end-
products (RAGE receptor), which monitors peripheral A entering the BBB (Greenberg et al.,
2020; Wang et al., 2021). Although the complex cellular mechanisms involved in this process
are not fully understood, a recent study found that the liver cleared about 13.9% of AP1-42 from
blood in the liver of APP/PS1 mice (Cheng et al., 2023). Further, the results of this studied also
revealed that partial blockage of blood flow to the liver increased APi-42 in the blood and brain,
and exacerbated cognitive impairment in APP/PS1 mice, suggesting that the liver-brain axis is

implicated in AD neuropathology (Cheng et al., 2023).

However, there is contradicting evidence on whether NAFLD is associated with increased

risk of AD in human subjects research. A recent study reported that NAFLD was associated with
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an increased risk of dementia and AD in a population of adults over the age of 60 (Jeong et al.,
2022). However, on the contrary, two recently published meta-analyses reported that NAFLD
was not associated with AD or vascular dementia (Huang et al., 2023; Wang et al., 2022), but
was associated with cognitive impairment (Wang et al., 2022). Despite these conflicting results,
research in mice indicates that the relationship between diet, the liver and AD biomarkers, both

in the periphery of the body and the central nervous system, should be further explored.

4g. The Effects of Diet on the Rodent Gut Microbiome

More recent research suggests that dysregulation of the gut microbiome contributes to
chronic inflammation, cognitive impairment, and AD development (Garcia-Montero et al., 2021;
Pluta et al., 2020; Statovci et al., 2017). The human gastrointestinal tract is home to millions of
microbes that play an essential role in both immune and cognitive function (Bonfili et al., 2022).
For example, commensal bacteria, such as Lactobacillus and Bifidobacterium, produce
neurotransmitters, such as acetylcholine, dopamine, and serotonin, that are necessary for normal
cognitive processes (Garcia-Montero et al., 2021; Statovci et al., 2017). Conversely, gram-
negative bacteria, like E. coli, induce an inflammatory state that is harmful to both peripheral
systems and the central nervous system (Statovci et al., 2017). The presence of gram-negative
bacteria provokes excess secretion of pro-inflammatory cytokines and chemokines, and
decreases protective short chain fatty acids (SCFAs) and neurotransmitters (Moreira et al., 2012;
Statovci et al., 2017). For example, Moreira et al. (2012) demonstrated that a SFA rich diet
increased the population of gram-negative bacteria and permeability in the intestines. Thus, the
presence of harmful microbes disrupts microbiome homeostasis, engenders a leaky gut, and
generates inflammation in the periphery of the body, and eventually the CNS (Statovci et al.,

2017).
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Diet plays a crucial role in microbiome composition, and the WD has been shown to
provoke inflammation and microbiome dysbiosis by reducing essential phyla, such as
Bacteroidetes, and increasing the production of phyla associated with disease, such as Firmicutes
(Bruce-Keller et al., 2015; Jena et al., 2022; Li et al., 2018; Magnusson et al., 2015). For
example, a fiber-deficient diet decreased essential Bacteroidetes and increased harmful
Firmicutes in C57TBL/6 mice (Yu et al., 2019). A balance of these two groups of phyla is
imperative for proper gut microbiome function (Bruce-Keller et al., 2015). Indeed, Li and
colleagues (2018) found that a WD increased peripheral inflammation and gram-negative
bacteria, while reducing important commensal bacteria in C57BL/6 mice. The results of this
study revealed that mice on a WD had significantly more E. coli and significantly less
Bifidobacterium and Lactobacillus present in their gut microbiome, illustrating that the WD is

harmful to the gut microbiome (Li et al., 2018).

Additionally, Jena et al. (2022) examined the effects of life long WD consumption on gut
microbiome composition in C57BL/6 mice. Mice were administered a Western rodent diet from
weaning to ten months of age, and at 8 months of age, they were provided probiotic
supplementation (Jena et al., 2022). The results of this study revealed that the WD decreased
commensal bacteria, and provoked the production of inflammation inducing bacteria, such as
Clostridiaceae (Jena et al., 2022). However, B. infantis pro-biotic supplementation protected
animals consuming the WD by promoting microbial diversity, decreasing Firmicutes, and
reducing peripheral inflammation in the gut (Jena et al., 2022). Moreover, (Bruce-Keller et al.,
2015) transplanted the microbiota from obese mice on either a high-fat diet or a low-fat diet, into
healthy C57BL/6 mice, to examine the effects of microbiota transplants on cognition, behavior,

and neuroinflammation. Interestingly, non-obese mice that received a microbiome transplant

42



from obese mice on a high-fat, Western rodent chow exhibited behavioral changes, cognitive
deficits, and increased neuroinflammation, in comparison to mice that received microbiome
transplants from animals on a low-fat diet (Bruce-Keller et al., 2015). Thus, this study suggests
that the microbiome plays a key role in brain health, even in mice that have a healthy body
weight (Bruce-Keller et al., 2015). Similarly, (Magnusson et al., 2015) also demonstrated that
reduced microbial diversity and increased proliferation of harmful bacteria induced by the WD
are related to cognitive impairment in C57BL/6 mice (Magnusson et al., 2015). Collectively,

these studies demonstrate that the WD is harmful to the gut microbiome and the CNS.

As previously discussed, high fiber diets, like the MD, could potentially be used as an
intervention strategy for microbiome dysregulation and cognitive dysfunction (Bourassa et al.,
2016). Previous studies in C57BL/6 mice have demonstrated that plant-based diets, or fiber-
supplemented diets, protect the gut microbiome in comparison to high-fat or low-fiber diets (Li
etal., 2018; Liu et al., 2021; Yu et al., 2019). For example, Liu et al. (2021) examined the effects
of a maternal high-fat diet, in comparison to a maternal high-fiber diet, in the gut microbiome of
C57BL/6 mouse offspring. The results of this study revealed that the maternal high-fat diet
decreased essential gut microbiota, such as Bifidobacterium and Prevotella, in comparison to a
maternal high-fiber diet in offspring’s gut microbiome, and the fiber deficient diet was also

associated with cognitive dysfunction in C57BL/6 mice (Liu et al., 2021).

Additionally, Li and colleagues (2018) found that a PUFA rich, plant-based diet,
increased microbial diversity and the production of essential bacteria, such as Bifidobacterium
and Lactobacillus, in comparison to the WD (Li et al., 2018). Notably, the plant-based diet also
improved gut microbiome health, anxiety-like behaviors, and spatial learning in C57BL/6 mice

(Li et al., 2018). Therefore, the results of this study suggest that a plant-based diet not only
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affects the gut microbiome, but also influences cognition and behavior, due to communication
between the gut-brain axis (Li et al., 2018). Collectively, these studies demonstrated that plant-
based foods and dietary fiber, which are both key elements of the MD, support a healthy gut
microbiome. However, further research is needed to examine the relationship between microbial
diversity and AD susceptibility following long-term consumption of a comprehensive MD, as

this has not yet been thoroughly explored in wildtype mice.
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CHAPTER 2: EXPERIMENT 1, THE LONG-TERM EFFECTS OF A COMPREHENSIVE,
MEDITERRANEAN DIET VERSUS A TYPICAL AMERICAN DIET ON BEHAVIOR,
SPATIAL MEMORY, PHYSIOLOGY, AND AD BIOMARKERS

1. Abbreviated Introduction

Although there are several variations of Western diets made for rodents, researchers have
primarily utilized WDs providing approximately 20-50% kcal from carbohydrates, 15-20% kcal
from protein, and 40—60% kcal from fat (Hintze et al., 2018; Wigckowska-Gacek et al., 2021).
However, these frequently used rodent diets are not truly representative of a typical American
diet (TAD). For example, the majority of commercially available Western diets contain
extremely exaggerated fat (Arnold et al., 2014; Denver et al., 2018; Guillemot-Legris,
Masquelier, et al., 2016; Heyward et al., 2012; Julien et al., 2010; Lin et al., 2016; Pistell et al.,
2010) or sugar content (Baranowski, Bott, & MacPherson, 2018; Gabriel et al., 2020). A recent
review (Wieckowska-Gacek et al., 2021) reported that the most common WDs administered to
C57BL/6 mice provided approximately 42% (Liu et al., 2014; Rutkowsky et al., 2018), 45%
(Denver et al., 2018), or 60% (Guillemot-Legris, Masquelier, et al., 2016; Heyward et al., 2012;
Julien et al., 2010; Moser et al., 2018; Pistell et al., 2010) kcal from fat. However, the average
American only consumes about 34-35% kcal from fat (Hintze et al., 2018; Nutrient intakes from
food and beverages: mean amounts consumed per individual, by gender and age, What We Eat

in America, NHANES 2013-2014. , 2016), and thus, more research is needed to examine the

effects of the TAD on AD susceptibility in animals.

Also, prior studies have shown that supplementation of one or two Mediterranean dietary
factors (e.g., olive oil) is neuroprotective in mice, yet there is limited research on the effects of a
comprehensive Mediterranean rodent diet that mimics the typical human MD on AD biomarker

susceptibility in wildtype mice. To address this gap in the scientific literature, the current study
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examined the potential, protective effects of a comprehensive MD in comparison to a
macronutrient-matched TAD. The two experimental diets were designed to focus on the
following key factors: (1) mimic the typical macronutrient density ranges of carbohydrates,
protein, and fat in human Mediterranean or American diets, (2) include diverse food sources that
are typically consumed in either Mediterranean regions or the U.S., (3) match the macronutrient

densities of both diets to control for energy availability.

The typical MD provides approximately 45—-65 % kcal from carbohydrates, 15-20% kcal
from protein, and 30—40% kcal from fat (Trichopoulou et al., 2003; Trichopoulou et al., 2014;
Trichopoulou et al., 2005), while the average American consumes approximately 50% kcal from
carbohydrates, 15.75% kcal from protein, and 34-35% kcal from fat (Nutrient intakes from food
and beverages: mean amounts consumed per individual, by gender and age, What We Eat in
America, NHANES 2013—-2014. , 2016; Shan et al., 2019; Wright & Wang, 2010). Accordingly,
both diets provided the same percentage of kilocalories from macronutrients, although they came
from different food sources. For example, the MD included complex carbohydrates (e.g., brown
rice flour) and unsaturated fatty acids (e.g., olive oil, fish oil, and flaxseed oil), while the TAD
included refined carbohydrates (e.g., corn starch) and SFA (e.g., safflower oil, butter, and beef

fat).

Hypotheses

Based on available evidence in rodent models, we hypothesized that early-life dietary
pattern implementation and long-term consumption of a comprehensive MD would protect mice
against physiological, biological, and cognitive markers of AD compared to the TAD, including:

(1) excessive weight gain, (2) increased fat deposition in the abdomen and liver, (3) peripheral
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inflammation, (4) ABi-42 production in the cortex and hippocampus, and (5) behavioral and

cognitive deficits.

2. General Materials and Methodology for Experiments 1-3

Subjects

The current experiments (1-3) utilized male and female wildtype, C57BL/6 mice, bred in
the vivarium at Texas Christian University (TCU), from a breeding stock purchased from
Jackson Laboratory (Bar Harbor, ME). All subjects were appropriately handled in accordance
with the Guide for the Care and Use of Laboratory Animals (National Research Council, 2011)
and the TCU Institutional Animal Care and Use Committee (IACUC Protocol #2021-14). Mice
were housed in polycarbonate cages with pelleted, paper-chip bedding and compressed cotton
square nestlets (LabSupply, Fort Worth, Texas) in groups of three to four, under a 12-hour

light/dark schedule.

Experimental Diet Formulations

We designed two, macronutrient-matched rodent diets, the MD (#D21112902), and the
TAD (#D21112903), that were created in pelleted form and purchased from Research Diets,
Incorporated (New Brunswick, New Jersey). See Table 1 for experimental diet formulations and
Table 2 for key ingredients. See Appendix A for complete experimental diet formulations and

ingredient lists.
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MD Formula TAD Formula
g%  kcal% gm g% kcal% gm
Protein 143 150 147.2 16.0 15.0 147.3
Carbs 48.0 50.0 495.3 53.7 50.0 495.5
Fat (Total) 14.8 35.0 153.2 16.6 35.0 153.1
SFA 6.7 29.5 17.0 74.4
MUFA 19.6 86.2 12.3 54.0
PUFA 5.6 24 .4 3.2 14.1
Ratio n-6/n-3 2.0 15.6
Insoluble Fiber 8.3 85.4 54 50.0
Soluble Fiber 5.8 59.4 0.0 0.0
Table 1. Experimental Diet Formulas.
MD Formula TAD Formula
Ingredients Ingredients
Protein Egg white, fish, soy protein Casein
Carbs Brown rice, wheat starch Corn starch
Fat Olive, fish, & flaxseed oil Safflower oil, beef fat, butter
Insoluble Fiber Cellulose Cellulose
Soluble Fiber Psyllium, inulin

Table 2. Key Ingredients in the Experimental Diets.

Food and Body Weight Measures

We measured the amount of food consumed by each cage once per week. Every Friday
morning, the total amount of food in the hopper of each cage was weighed and recorded.

Subsequently, every Monday morning, the amount of food remaining in each hopper was

weighed and recorded. Then, we measured the estimated, daily consumption for one individual

mouse per cage with the following equation: the weight of food consumed (grams) divided by

number of days of consumption (three days), divided by the number of animals per cage.

Additionally, body weight was measured and recorded once a week.

Open Field Testing

At six months of age, mice underwent testing in open field to examine behavior and

locomotor activity. Mice were tested in open field chambers (27 x 27 cm) that were enclosed
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inside of ventilated, sound-attenuated boxes, with infrared beams to measure locomotor activity
(Med Associates Incorporated, St. Albans, VT). Prior to testing, two zones were established,
including the center zone (17.46 cm x 17.46 cm) and the remaining outer zone (423.39 cm?). The
time spent in the center zone versus the outer zone was utilized to measure anxiety-like behavior,
as prior research has established that more time spent in the center zone is indicative of reduced
anxiety-like behavior (Seibenhener & Wooten, 2015). During testing, mice were removed from
their home cages, placed in the middle of the open field chamber, and given 10 minutes of
uninterrupted movement. We utilized software (Med Associates Incorporated, St. Albans, VT) to
measure the following dependent variables: vertical counts (rearing behavior), ambulatory
distance traveled (centimeters), duration of time spent in the center zone (seconds), and the
average speed of ambulatory episodes (centimeters per second).
Elevated Zero Maze

Mice were tested in the elevated zero maze to further measure anxiety-like behavior, as
this paradigm has been verified by previous research (Shepherd et al., 1994). The elevated zero
maze (platform 50 cm tall, circular diameter 60 cm) consisted of four alternating quadrants: two
open quadrants and two quadrants enclosed by walls. At the beginning of the test, each mouse
was placed in the open quadrant, facing a closed quadrant, and given five minutes of
uninterrupted movement. A video camera was mounted on the ceiling to record the total time
spent in the open quadrants versus the enclosed quadrants using EthoVision XT software
(Noldus Information Technology, Leesburg, VA).
Object-Location Memory Task

Experimenters conducted the object-location memory task (OLM) to examine spatial
learning and memory. Arena settings were created utilizing EthoVision XT software (Noldus

Information Technology, Leesburg, VA) and recorded with a mounted video camera in the
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ceiling. OLM consisted of habituation (2 sessions, 4 hours apart, no objects), training (2 sessions,
4 hours apart, two identical objects), and testing, in which one of the identical objects was moved
to the opposite corner (novel spatial location). The objects were created according to guidelines
from prior research, and consisted of 100mL syringes filled with cement, with copper coiled
around it (4cm width X 4.5cm length X 17.5cm height). Objects were counterbalanced in all four
chambers, and lights above the testing boxes were kept between 4548 lux. During each session,
mice were placed in center of the chamber in the same orientation and allowed ten minutes to
freely explore. See Figure 5 for timeline.

Experimenters recorded the time (s) spent exploring each object, and object exploration
was recorded if the mouse was facing the object in close proximity, with its nose in the
predetermined zone, within three centimeters surrounding the object. Following testing, the
percentage of time spent exploring the object in the novel location was calculated utilizing the
following equation: novel object location time/[novel object location time + old object location
time] x 100, and this formula was adopted from (Heyward et al., 2012). Experimenters also
measured the percentage time exploring both objects during training, to ensure that there was no

object location preference.

Habituation 24 hrs Training 24 hrs Testing
Sessions 1-2 Sessions 1-2

Figure S. Object-Location Memory Task. During each session, mice were placed in the OLM
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chamber and provided ten minutes of uninterrupted movement. During the training session,
experimenters recorded the percentage of time that mice spent exploring two, identical objects.
During testing, one object was moved to the opposite corner of the chamber, and the percentage

of time exploring the object in the novel location was measured.

3. Materials and Methodology for Experiment 1
Experimental Design and Timeline

At post-natal day 21, mice were weaned and randomly assigned to one of two
experimental diets: a Mediterranean diet (MD) or typical American diet (TAD) (n’s = 21) for six
months, with access to food and water ad libitum. At six months of age, mice underwent
behavioral testing. At six months and 21 days of age, tissue and serum were collected. See

Figure 6 for experimental timeline.

Dietary Intervention: Behavioral Testing Tissue Collection
Mediterranean Diet (MD) vs.
Typical American Diet (TAD)

|

/—VMD

Cortex & Hippocampus

C57BL/6J Mice ﬁ Al'
| Liver, GI Tract, White
% Adipose Tissue
Weaned onto the S TAD O O r
MD or TAD ! l e
e .

Age PND21 1 Month & 21 6 Months of Age 7 Months of Age
Days of Age

Figure 6. Experimental Timeline for Experiment 1.
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Fecal Sample Collections

Fecal samples were collected at three different timepoints: at weaning (PND21), one
month of diet and six months of diet, and stored at -80 degrees Celsius. Microbiome analyses
were conducted by our collaborators in the Allen Lab (University of North Texas, Health
Science Center, Fort Worth, Texas).
Tissue and Serum Collection

After six months of the prescribed diets, mice underwent fasting for 6 hours, prior to
euthanasia. Trunk blood was collected, and whole blood was utilized to measure fasting blood
glucose (Cholestech, Alere Inc., Hayward, Ca). The remaining blood samples were placed on ice
for 15 minutes and then kept at room temperature for 30 minutes. Subsequently, blood was
centrifuged (2,000 x g) for 10 minutes, and serum was collected and stored at -80°C. Following
blood collection, experimenters removed the liver, spleen, and white adipose tissue, recorded
weights of the tissue samples (grams), and stored them in neutral buffered formalin at 4°C.
Additionally, both hemispheres of the frontal cortex and hippocampus were collected and lysed
in 250 pL of Proprep (PRO-PREP, Bulldog Bio, Portsmouth, NH), supplemented with additional
protease and phosphatase inhibitors (Sigma Aldrich, Burlington, Massachusetts). All tissue
lysates were rapidly frozen on dry-ice following the collection process and stored at -80°C.
Peripheral Cytokine Analysis

Concentrations of inflammatory Mediators were quantified in serum to examine the
effects of diet on peripheral inflammation utilizing a VPLEX Custom Mouse Cytokine Pro-
Inflammatory Panel 1 multiplexing kit (Meso Scale Diagnostics, Rockville, MD). The custom kit
was created to measure the following inflammatory mediators in serum: mouse TNF-a, IL-1f3, IL-
6, IL-10, and IFN- y. First, we diluted serum samples in plate at a 1:1 dilution with a proprietary

diluent. Samples were then incubated at room temperature for two hours with horizontal shaking
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at 750 rpm. Following sample incubation, all wells were washed three times, and a detection
antibody solution was added to each well. Following a two-hour incubation period, all wells
were washed three times, and read buffer was subsequently added to each well.
Electrochemiluminescent signal was read using a QuickPlex SQ 120 instrument (Meso Scale
Diagnostics, Rockville, MD). Sample replicates with an intra-assay coefficient variation of over
25% were excluded from the analysis, as advised by MSD technical support.

Liver Histology

a. Paraffin Sectioning

Paraffin embedded samples were sectioned at room temperature using a microtome
(Leica RM2235, Wetzlar, Germany) at eight and ten micrometers. Sections were then placed in a
42°C water bath (Leica HI1210, Wetzlar, Germany), fixed onto StatLab Millenia Command
Adhesion Slides/W/90 (StatLab, McKinney, Texas), and set to dry overnight.

b. H&E Staining

Hematoxylin and eosin (H&E) staining was performed to examine the histological
morphology of the liver, as this is a commonly used method for in vivo experiments focusing on
hepatic steatosis (Cui et al., 2017). Following paraffin processing and sectioning, prepped slides
were washed in Sub-X Clearing Medium (Leica, Wetzlar, Germany) for four minutes (three
repetitions), and then rehydrated in 100% ethanol for two minutes (three repetitions), 100%
ethanol for one minute, and then 95% ethanol for one minute.

Subsequently, the slides were washed in water for a minute and then stained in
hematoxylin (Leica Surgipath SelecTech Hematoxylin 560, Wetzlar, Germany) for five minutes.
Following staining, slides were continuously washed indirectly for three minutes before being
placed in differentiate (Leica Surgipath SelecTech Define, Wetzlar, Germany). After, slides were

rinsed in water for one minute, and then placed in blue buffer (Leica Surgipath SelecTech Blue
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Buffer 8, Wetzlar, Germany) for 30 minutes. The cytoplasm was stained red with Eosin (Lecia
Surgipath SelecTech Alcohol Eosin Y 515, Wetzlar, Germany), and subsequently rinsed in water
for one minute.

Next, the slides were dipped in water before starting the dehydration process in 95%
ethanol for two minutes, and then 100% ethanol for one minute in three separate washes,
followed by the same process with Sub-X, but for two minutes each. The slides were then
layered with SubMount Mounting Medium (StatLab, McKinney, Texas), and a coverslip. Images
were taken with a Nikon DS-Fil camera (Nikon Instruments, Toyko, Japan), and Nikon Eclipse
901 microscope (Nikon Instruments, Toyko, Japan), at a magnification of 40x. White balance
was performed using the software NIS-Elements AR 4.60.00 (Nikon Instruments, Toyko, Japan)
by selecting unstained area as the white point. Images were converted from RGB image to 8-bit
image using Image J (version 1.53k). Autothresholding was performed and the Triangle Method
of segmentation was selected as the closest match to stained vs unstained areas. In this method,
areas stained with hematoxylin or eosin are shown as black and unstained area is shown as white.
Images were then measured for percentage of image that is unstained. This value represents
vascular and ductal lumen and areas where tissues may have been damaged in the processing and
sectioning. More importantly, this value also represents areas inside the cells that once contained
lipids that were removed in the paraffin processing of the tissue.
¢. Cryosection

In addition to H & E staining, experimenters conducted Oil Red O Staining to examine
lipids in the liver tissue. Livers were kept refrigerated at 4 °C in vials of 30% sucrose in
phosphate buffered saline (PBS) until they sank to the bottom of the conical tube (about four
days). Second, tissues were placed in a mold filled with optimal cutting temperature compound

(OCT), and stored at -20°C. Once frozen, the tissue block was removed from the mold and
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mounted onto the cutting disk of the cryostat (Leica CM 1900, Wetzlar, Germany) for sectioning
at -20°C. Sections were collected at 8um and 10um thickness. Sections were transferred to a
room temperature microscope slide and stored at room temperature.
d. Oil Red O Staining

Staining was conducted utilizing an Oil Red O Stain Kit (StatLab, McKinney, Texas).
Slides were immersed in propylene glycol for two minutes, followed by Oil Red O at 60°C for
six minutes. Subsequently, the slides were immersed in 85% propylene glycol for one minute.
The slides were rinsed with running DI water before immersion in Modified Mayer's
Hematoxylin (StatLab, McKinney, Texas) for one minute. Next, the slides were rinsed with
water for one minute, and mounted with coverslips using aqueous mounting medium (StatLab,
McKinney, Texas). Images were taken with a Nikon DS-Fil camera (Nikon Instruments, Toyko,
Japan), and Nikon Eclipse 90i microscope (Nikon Instruments, Toyko, Japan), at a magnification
of 40x, using the software NIS-Elements AR 4.60.00 (Nikon Instruments, Toyko, Japan).
ABi1-2 ELISA

All tissue samples were centrifuged at 15,000 rpm for 40 minutes and clear lysates were
collected. Protein assays (DC Protein Assay; Bio-Rad Laboratories, Hercules, CA) were
conducted to calculate the protein concentrations in all brain lysates. A mouse APi-42 ELISA
(Invitrogen, ThermoFisher Scientific, Waltham, Massachusetts) was conducted to measure
soluble ABi-4> from both the cortex and hippocampus. The protein concentrations of the brain
lysates were standardized, and then diluted in incubation buffer (1:2 dilution). Following
dilutions, 100 puL of sample lysates and standards were plated in duplicates in a 96-well, pre-
coated plate with capture antibody. Following two hours of incubation, the plates were decanted
and washed four times with wash buffer (1X). Then, each well was treated with Af-4> detection

antibody solution and incubated for one hour. Subsequently, the plates were washed again and
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treated with 100 uL of HRP-tagged detection antibody (Anti-Rabbit IgG). Following 30 minutes
of incubation, the plates were washed and treated with 100 pL stabilized chromogen
(tetramethylbenzidine) and incubated in the dark for an additional 30 minutes. Finally, 100 mL
of stop solution was added to all wells, and the plate was read at an absorbance of 450nm (BMG
LabTech FLUOstar Omega, Cary, North Carolina). Sample replicates with an intra-assay
coefficient variation over 25% were excluded from the analysis.

Statistical Analyses

All data were analyzed with Statistical Package for Social Sciences (SPSS; Version 29.0,
IBM, Armonk, NY). Normality was assessed prior to running statistical analyses, and
transformations were performed to correct for any violations of homogeneity of variance.
Independent samples t-tests, two-tailed, and mixed-design analysis of variance (ANOV As) were
conducted to examine behavioral and biological dependent measures. We further examined the
relationships between several dependent variables utilizing the Pearson product-moment
correlation coefficient. All outliers were detected utilizing SPSS’s interquartile range, and for all

analyses, an alpha level of p <0.05 was considered significant.

4. Results for Experiment 1

Average Food and Kilocalorie Consumption in Male Mice

Two mixed-design ANOVAs revealed a significant main effect of diet duration on daily food
consumption (grams), F(5,60) = 9.988, p <0.001, n,> = 0.454, and kilocalorie intake F(5,60) =
9.988, p <0.001, ny*> = 0.454, in male mice following six months of diet. Additionally, there was a
significant main effect of diet condition (MD vs. TAD) on food consumption, F(1,12) = 6.276, p =
0.028, np* = 0.343, and kilocalorie intake F(1,12) = 6.276, p = 0.028, > = 0.343, in which male

mice assigned to the MD consumed more food and kilocalories than those assigned to the TAD.
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These results were further supported by a significant diet x diet duration interaction, F(5,60) =2.673,
p = 0.030, n,> = 0.182, such that diet consumption and kilocalorie intake significantly increased
as the mice aged and reached adulthood. Further analyses utilizing Tukey’s LSD revealed a
significant difference in daily food consumption between diet conditions following 3 months (p =
0.028) and 6 months (p = 0.025) of diet administration, in which mice on the MD consumed

significantly more food and kilocalories than those on the TAD. See Figure 7.
Average Food and Kilocalorie Consumption in Female Mice

A mixed-design ANOVA revealed a significant main effect of diet duration on daily food
consumption (grams) over the course of six months of diet administration in female mice, F(5,30) =
13.689, p < 0.01, np?> = 0.695. Further, there was no significant main effect of diet condition (MD vs.
TAD) on food consumption, F(1,6) =3.648 , p = 0.105 , n,*> = 0.378. Additionally, a mixed-design
ANOVA revealed a significant main effect of diet duration on daily kilocalorie intake over the course
of six months, F(5,30) = 13.689 , p <0.01, n,> = 0.695, but not a significant main effect of diet
condition (MD vs. TAD) on kilocalorie intake, F(1,6) = 3.648, p = 0.105, > = 0.378. At four and
six months of diet consumption, the data violated homogeneity of variance for both daily food
consumption and kilocalorie intake, necessitating log transformation. Following transformations,
the data still violated homogeneity of variance, and a more conservative p-value was adopted.

See Figure 8.
Body Weight in Male Mice

A mixed-design ANOVA revealed a significant main effect of diet duration (months) on body
weight (grams) over the course of six months of diet administration in male mice, F(6,240) =
2013.004, p <0.001, n,> = 0.981. Additionally, there was a significant main effect of diet condition

(MD vs. TAD) on male body weight, F(1,40) = 16.365, p =< 0.001, n,> = 0.290, such that mice on
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the MD weighed less than those on the TAD. These results were further supported by a significant
interaction, F(6,240) = 21.843, p <0.001, n,*> = 0.353. Further analyses utilizing Tukey’s LSD
revealed that there was a significant difference in body weight between diet conditions following 3,4,
5, and 6 months of diet (ps < 0.016), such that males on the MD weighed less than those on the TAD.

See Figure 7.
Body Weight in Female Mice

A mixed-design ANOVA revealed a significant main effect of diet duration (months) on body
weight (grams) over the course of six months of diet administration in female mice, F(6,198) =
913.282, p <0.001, % = 0.965. However, there was no significant main effect of diet condition
(MD vs. TAD) on female body weight, (1,33) = 0.037, p = 0.849, n,> = 0.001. Months 4, 5, and 6 of
diet administration violated homogeneity of variance, and thus a log transformation was performed.
However, the transformation did not correct this error, and a more conservative p-value was adopted.
Additionally, an outlier was outside of the interquartile range, determined by SPSS, and removed

from the analysis. See Figure 8.
Organ and White Adipose Tissue Weight in Male Mice

An independent samples t-test revealed a significant difference in white adipose tissue weight,
t27)=-9.194, p <0.001, and liver weight, #27) = - 4.355, p <0.001, in which mice on the TAD had
heavier white adipose tissue and livers than those on the MD. The magnitude of the difference in the
means of white adipose tissue weights (mean difference = -1.397, 95% CI [-1.085, - 1.709]) was
large (eta squared = 0.758), and the magnitude of the difference in the means of liver weights (mean
difference = -0.523, 95% CI [-0.277, - 0.769]) was large (eta squared = 0.413). However, there was

no difference in spleen weight, #33) =-1.583, p = 0.123. See Figure 9.

58



Organ and White Adipose Tissue Weight in Female Mice

An independent samples t-test did not reveal a significant difference in spleen weight, #(27) =
0.787, p = 0.438, liver weight, #27) = 0.376, p = 0.710, nor white adipose tissue weight, #27) =

0.042, p =0.967, in female mice. See Figure 10.

Fasting Blood Glucose in Males

An independent samples t-test revealed that mice on the TAD had significantly higher blood
glucose (mg/dL) levels in comparison to those on the MD, #(10) =-2.429, p = 0.036, two-tailed. The
magnitude of the difference in the means (mean difference =-121.333, 95% CI [-10.026, -232.640])

was large (eta squared = 0.371). See Figure 9.

Fasting Blood Glucose in Females

An independent samples t-test failed to reveal a difference in fasting blood glucose (mg/dL)
levels between diet conditions in female mice, #13) =-1.665 p = 0.120, two-tailed. It is important to
note that we were not able to collect data from each female mouse due to malfunction of the

Cholestech machine. See Figure 10.

Liver Histology in Males

We imaged four, randomly selected liver sections from three male mice in each diet
condition (MD or TAD). An independent samples t-test revealed a significant difference in the
percentage of pixelated area that was unstained following H & E staining, such that male mice on the
MD had less percentage of pixelated area unstained compared to those on the TAD, #21) =39.173, p
<0.001. The data violated homogeneity of variance, and a reflect and square root transformation was

performed to correct this. The magnitude of the difference in the means of unstained area in the liver
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(mean difference = -22.486, 95% CI [-21.368, - 21.347]) was large (eta squared = 0.986). See Figure

11.

Liver Histology in Females

We imaged four, randomly selected liver sections from three female mice in each diet
condition (MD or TAD). An independent samples t-test revealed a significant difference in the
percentage of pixelated area that was unstained following H & E staining, such that female mice on
the MD had less percentage of pixelated area unstained compared to those on the TAD, #(22) = -
46.58, p <0.001. The magnitude of the difference in the means of area unstained (mean difference =

-26.884, 95% CI [-25.687, - 28.081]) was very large (eta squared = 1.010). See Figure 12.

Peripheral Cytokine Production in Serum of Male Mice

An independent samples t-test revealed that mice on the TAD produced significantly more
TNF-a (pg/mL) compared to those on the MD, #(32) =-3.790, p < 0.001. One sample was removed
from the analysis due to an intra-assay coefficient of variation (CV) value over 25%, recommended
by MSD’s technical team. The magnitude of the difference in the means (mean difference =-2.12,
95% CI [-3.253, -0.979]) was large (eta squared = 0.31). Additionally, the difference in IL-1
(pg/mL) production between diet conditions approached significance, #23) =-1.809, p = 0.084. Six
samples were removed from the analysis due to CV values over 25%. Additionally, three outliers
were removed from the analysis because they fell outside of the interquartile range determined by
SPSS. The magnitude of the difference in the means (mean difference = -0.07967, 95% CI [0.0115, -
0.171) was moderate (eta squared = 0.125). Further, there was no significant difference in IL-10
(pg/mL) production between diet conditions, #(29) =-0.818, p = 0.420. Three outliers were removed
from the analysis because they fell outside of the interquartile range determined by SPSS. Finally, an

independent samples t-test failed to reveal a significant difference in IFN- y (pg/mL) production
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between diet conditions, #(30) = 0.040, p = 0.968. Two samples were removed from the analysis due

to CV values over 25%. See Figure 13.

Peripheral Cytokine Production in Serum of Female Mice

An independent samples t-test was conducted to compare the quantity of TNF-alpha (pg/mL)
in female mice serum following 6 months of MD or TAD diet consumption. Female mice on the
TAD produced significantly more TNF-alpha (pg/mL) in comparison to those on the MD, #(19) = -
3.903, p <0.001. The data violated homogeneity of variance, and a log transformation was
conducted. Following transformation, the data still violated homogeneity of variance, and thus a
more conservative p-value was adopted, p < 0.01. The magnitude of the difference in the means
(mean difference = -2.604, 95% CI [-1.043, - 4.164]) was large (eta squared = 0.445). One sample
with a CV over 25% was removed from the analysis. Four outliers were detected outside of SPSS’s
interquartile range and were removed from the analysis. Additionally, an independent-samples t-test
revealed that females on the MD produced significantly more IL-1f (pg/mL) compared to those on
the TAD, #21) =3.198, p = 0.004. The magnitude of the difference in the means (mean difference =
0.098, 95% CI [0.162, 0.035]) was large (eta squared = 0.328). One outlier was removed from the
analysis. Further, there was no significant difference in IL-10 (pg/mL), #(24)=0.112, p = 0.912, IL-6
(pg/mL), #(24) =-0.949, p = 0.352, or IFN- y (pg/mL), #(21) = 0.360, p = 0.722, between females on

the MD and the TAD. Three outliers were removed from the analysis for IFN- y. See Figure 14.

APi1-42 Production in the Cortex and Hippocampus of Male Mice

An independent samples t-test revealed a significant difference in ABi_42 (pg/mg) in the cortex,
#(22) =-3.067, p = 0.006, in which male mice on the MD had less ABi—4 in the cortex, in
comparison to those on the TAD. The data violated homogeneity of variance, and a log
transformation was performed to correct this. The magnitude of the difference in the means (mean
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difference = -9.63, 95% CI [-3.10, - 16.16,]) was very large (eta squared = 0.299). Approximately
30% of variance was explained by diet. Two outliers were outside of the interquartile range

determined by SPSS and removed from the analysis.

An independent samples t-test revealed a significant difference in ABi—42 (pg/mg) in the
hippocampus, such that mice on the MD had less hippocampal ABi-4> compared to those on the TAD,
#29) =-2.103, p = 0.044. The magnitude of the difference in the means (mean difference = -4.522,
95% CI [- 0.124, -8.920]) was moderate (eta squared = 0.132). Three outliers were removed from the
analysis. Additionally, two samples were removed from the analysis due to intra-assay CV values

over 25%. See Figure 15.

ApPi1-42 Production in the Cortex and Hippocampus of Female Mice

An independent samples t-test was conducted to compare the amount of soluble A4 in the
cortex of female C57BL/6 mice following six months of the MD or TAD. There was a significant
difference in ABi-42 (pg/mg of protein) in female mice, #(21) =-2.922, p = 0.008, such that females on
the MD had less AB1-42 in the cortex, in comparison to females on the TAD. These data violated
homogeneity of variance, and thus a log transformation was conducted to correct this. After running a
transformation, the data still violated homogeneity of variance, and we adopted a more conservative
p-value, p < 0.01. The magnitude of the difference in the means (mean difference = -10.162, 95% CI
[- 18.503, -1.822]) was large (eta squared = 0.234). Approximately 23% of variance was explained
by diet condition. One outlier was detected and removed from the analysis. Additionally, one sample

was removed from the dataset because it had a CV value over 25%.

In contrast to the cortex, an independent-samples t-test failed to reveal a significant difference
in APi-42 (pg/mg of protein) in female mice, #(24) =-1.308, p = 0.203. The magnitude of the
difference in the means (mean difference = -2.83709, 95% CI [-7.313, 1.63834]) was moderate (eta
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squared = 0.067). One outlier was detected and removed from the analysis. Additionally, two

samples were removed from the analysis due to CV values over 25%. See Figure 16.
Open Field Behavior in Male Mice
a. Vertical Counts in Male Mice

An independent samples t-test failed to reveal a significant difference in vertical counts during
the first five minutes (bin 1) of testing, #27) = 0.163, p = 0.872. However, an independent samples t-
test revealed a significant difference in vertical counts during the last five minutes (bin 2) of testing,
#27)=3.558, p <0.001, and during the total testing time #27) = 2.767, p < 0.01, such that mice on
the MD exhibited significantly more vertical counts than mice on the TAD. The magnitude of the
difference in the means during the total testing time (mean difference = 14.111, 95% CI [24.573,
3.648]) was very large (eta squared = 0.221). Three outliers were detected utilizing SPSS and were
removed from the analysis.

Additionally, a mixed-design ANOVA failed to reveal a significant main effect of time duration
(first five minutes vs. last five minutes of testing) on the number of vertical counts in male mice,
F(1,27)=0.182, p = 0.673, n,> = 0.007. However, there was a significant main effect of diet
condition (MD vs. TAD) on vertical counts, F(1,27) = 7.658, p =< 0.01, np*> = 0.221, such that mice
on the MD exhibited significantly more vertical counts compared to mice on the TAD. Further
analyses utilizing Tukey’s LSD revealed that there was a significant difference between groups
during the last five minutes of testing, in which mice on the MD exhibited more vertical counts than
those on the TAD. Three outliers were excluded from the analysis. See Figure 6.

b. Distance Traveled in Male Mice

An independent samples t-test failed to reveal a significant difference in ambulatory distance

traveled during the first five minutes (bin 1) of testing, #30) = 1.153, p = 0.258. However, there was
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a significant difference in distance traveled during the last five minutes (bin 2) of testing, #30) =
2.136, p = 0.041. The magnitude of the difference in the means during the last five minutes of testing
time (mean difference = 131.194, 95% CI [256.609, 5.77998]) was large (eta squared = 0.132).
Additionally, the difference in total ambulatory distance traveled approached significance for the total
testing time #(30) = 1.867, p = 0.072. The magnitude of the difference in the means during the total
testing time (mean difference = 213.878, 95% CI [447.887, - 20.130]) was moderate (eta squared =
0.104). Further, when analyzing the total ambulatory distance traveled in the center zone, the
difference in the distance traveled approached significance, #30) = 1.961, p = 0.059. There was no
difference in the total ambulatory distance traveled in the outer zone, #(30) = 0.702, p = 0.488.
Additionally, a paired-samples t-test revealed that mice on the MD traveled a significantly farther
distance in the center zone compared to the outer zone, #(16) =-2.777, p = 0.013, whereas there were
no differences in the amount of distance traveled between the center and outer zone, #(14) =-0.954, p

=0.356.

c. Time Spent in the Center Zone of Open Field in Male Mice

An independent samples t-test failed to reveal a significant difference in time spent in the
center zone during the first five minutes (bin 1) of testing, (27) = 1.764, p = 0.089, during the last
five minutes of testing (bin 2), #(27) = 1.200, p = 0.241, or in the total duration of testing, #(27) =

1.748, p = 0.092.

d. Average Speed in Male Mice

An independent samples t-test failed to reveal a significant difference in the average speed
(cm/s) during the first five minutes (bin 1) of testing, #(28) = 0.779, p = 0.443, during the last five
minutes of testing (bin 2), #(28) = 1.430, p = 0.164, or during the total testing time, #28) = 1.347, p =

0.189. See Figure 17.
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Open Field Behavior in Female Mice

a. Vertical Counts in Female Mice

An independent samples t-test failed to reveal a significant difference in vertical counts during
the first five minutes (bin 1) of testing, #24) =-0.951, p = 0.351, the last five minutes of testing (bin
2), 1(24) = 0.456, p = 0.652, or the total testing time (10 minutes total), #(24) =-0.255, p = 0.801,
between female mice on the MD and the TAD.

b. Distance Traveled in Female Mice

An independent samples t-test failed to reveal a significant difference in ambulatory distance
traveled during the first five minutes (bin 1) of testing, #23) =-0.563, p = 0.579, the last five minutes
(bin 2) of testing, #(23) = -0.168, p = 0.868, or during the total time testing (10 minutes), #(23) = -
0.406, p = 0.688, between female mice on the MD and the TAD. One outlier was excluded from the

analyses because it fell outside of the interquartile range determined by SPSS.

c. Time Spent in the Center Zone of Open Field in Female Mice

An independent samples t-test revealed a significant difference in the time spent in the center
zone during the first five minutes (bin 1) of testing, #(21) =2.208, p = 0.038, in which females on the
MD spent more time in the center of the open field compared to those on the TAD. However, there
was no significant difference in the time spent in the center zone during the last five minutes of
testing (bin 2), #21) = 0.085, p = 0.933, or the total duration of testing, #(21) = 1.454, p =0.161. Data
for bin 2 and total testing time data violated homogeneity of variance, and a log transformation was
performed to correct this. Following the transformation, the data still violated homogeneity of
variance and a more conservative p-value was adopted. Three outliers were removed from the

analyses.
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d. Average Speed in Female Mice

An independent samples t-test failed to reveal a significant difference in the average speed
(cm/s) during the first five minutes (bin 1) of testing, #(25) = 1.640, p = 0.113, between female mice
on the MD and the TAD. However, there was a significant difference in the average speed during the
last five minutes of testing (bin 2), #25) =2.516, p = 0.019, and during the total testing time (10
minutes), #(25) =2.276, p = 0.032, in which females on the MD traveled significantly faster than
those on the TAD. The magnitude of the difference in the means during the last five minutes of
testing (bin 2) (mean difference = 9.591, 95% CI [17.441, 1.740]) was large (eta squared = 0.202).
The magnitude of the difference in the means during the total testing time (mean difference = 7.516,

95% CI [14.316, 0.716]) was large (eta squared = 0.172). See Figure 18.

Elevated Zero Maze Behavior in Male Mice

An independent samples t-test revealed that male mice on the MD spent significantly more
time in the open quadrants of the elevated zero maze in comparison to those on the TAD, #31) =
3.121, p = 0.004. The data violated homogeneity of variance, and a log transformation was conducted
to correct this. The magnitude of the difference in the means (mean difference = 0.214, 95% CI
[0.354, 0.743]) was large (eta squared = 0.239). One outlier was detected by SPSS and excluded

from the analysis. See Figure 17.

Elevated Zero Maze Behavior in Female Mice

An independent samples t-test failed to reveal a significant difference in the time spent in the
open quadrants of the elevated zero maze between female mice on the MD and the TAD, #(26) = -

0.573, p=10.571. See Figure 18.

Spatial Learning and Memory in OLM in Male Mice
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An independent samples t-test failed to reveal a significant difference in the percentage of time
spent exploring the new object location during training, #(18) = -0.787, p = 0.441. The magnitude of
the difference in the means (mean difference = -5.607, 95% CI [9.355, -20.569]) was small (eta
squared = 0.033). However, an independent samples t-test revealed that mice on the MD spent
significantly more time exploring the object moved to the new location, compared to mice on the
TAD, during testing, #(18) =2.259, p = 0.037. The magnitude of the difference in the means (mean

difference = 21.919, 95% CI [42.305, 1.532]) was large (eta squared = 0.221). See Figure 19.

Spatial Learning and Memory in OLM in Female Mice

An independent samples t-test failed to reveal a significant difference in the percentage of time
spent exploring the new object location during training, #(17) = 0.557, p = 0.585, between diet
conditions in female mice. The magnitude of the difference in the means (mean difference = 1.232,
95% CI[-3.437, 5.901]) was small (eta squared = 0.018). Additionally, there was no significant
difference in the percentage of object exploration time in the novel location during testing in female
mice, #(17) = 0.638, p = 0.532. The magnitude of the difference in the means (mean difference =

5.409, 95% CI [-12.486, 23.305]) was small (eta squared = 0.023). See Figure 20.

Correlation Analyses in Male Mice
a. Examining the Relationship Between Spatial Memory and Af1-42in Male Mice

The relationship between cortical ABi-42 (pg/mg of protein) and the percentage of time
exploring the object moved to the new location during OLM testing was investigated using a
Pearson product-moment correlation coefficient. There was a medium, negative correlation
between the two variables, » = -.498, n = 15, p = 0.059. The correlation approached significance,

suggesting that high levels of AB1-42 were associated with decreased object exploration in the
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new location during testing. See Figure 19. We also investigated the relationship between
hippocampal ABi-42 (pg/mg of protein) and the percentage of time exploring the object in the
new location, and found a medium, negative correlation, however it was not significant, » = -

429, n=15,p=0.111.

b. Examining the Relationship Between ABi-42, White Adipose Fat & Liver Weight, and

TNF- a in Male Mice

We further examined the relationship between AP, 4, and variables associated with
modifiable risk factors for AD. There was a large correlation between white adipose fat
deposition in the abdomen and cortical APy 45, ¥ =0.516, n =16, p = 0.041, indicating that
increased white adipose fat is associated with higher AB; 4, production. We also examined the
relationship between hippocampal ABi-42 (pg/mg of protein) and white adipose fat, and only

discovered a medium correlation that was not significant, » = 0.348, n = 18, p = 0.157.

Additionally, we investigated the relationship between white adipose fat, liver weight, and
TNF- a production. There was a large correlation between white adipose fat and serum TNF- o, »
=0.626, n =22, p=0.002, as well as liver weight and serum TNF-q, » =0.516, n =22, p =
0.014. Furthermore, as excess body weight is known as a key modifiable risk factor for AD (Lancet
Commission), we examined the relationship between body weight and serum TNF- a. There was a
large correlation between body weight following six months of diet administration, and serum
TNF- a, 7= 0.645, n = 34, p <0.001, indicating that excess body weight is associated with increased

peripheral inflammation.
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Figure 7. Food Consumption and Body Weight Throughout Diet Administration in Males. (A)

A mixed-design ANOVA revealed a significant main effect of diet condition (MD vs. TAD) on food

consumption, such that mice on the MD consumed more food than those on the TAD, p =0.028, N’s

=7. (B) Mice assigned to the MD consumed more kilocalories per day than those on the TAD, p =

0.028, N’s =21. (C) There was a significant main effect of diet condition on body weight, p < 0.001,

in which males on the MD weighed less than those on the TAD, N’s = 21. Bars represent +

SEM. Significant differences (p < 0.05) are designated by *.
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Figure 8. Food Consumption and Body Weight Throughout Diet Administration in Females.
(A) A mixed-design ANOVA did not reveal a significant main effect of diet condition (MD vs. TAD)
on food consumption in female mice, p > 0.05, N’s =4. (B) There was no difference in kcal
consumption between diet conditions, p > 0.05, N’s = 4. (C) There was no significant main effect of
diet condition on body weight between females on the MD and the TAD, p > 0.05, N’s = 15-20. Bars

represent £ SEM. Significant differences (p < 0.05) are designated by *.
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Figure 9. Organ and White Adipose Tissue Weight & Blood Glucose in Male Mice. (A) Male

mice on the TAD had significantly heavier livers than those on the MD, p <0.001, N’s = 13—-16. (B)

Mice on the TAD had significantly more white adipose tissue (g) than those on the MD, p <0.001,

N’s = 13-16. (C) There was no significant difference in spleen weight between diet conditions, p >

0.05, N’s = 16-19. (D) Mice on the TAD had significantly higher blood glucose (mg/dL) than mice

on the MD, p <0.01, N’s = 5-6. Bars represent mean = SEM. Significant differences (p < 0.05) are

designated by *.
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Figure 10. Organ and White Adipose Tissue Weight & Blood Glucose in Female Mice. There
was no significant difference in weight between female mice on the MD and the TAD in the
following tissues: (A) liver, (B) white adipose tissue, or (C) spleen, ps > 0.05, N’s =14-15. (D)
Additionally, there was no significant difference in blood glucose (mg/dL) levels between female
mice on the MD and TAD, p > 0.05, N’s = 5-10. Bars represent mean = SEM. Significant differences

(p <0.05) are designated by *.
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Figure 11. Liver Histology in Male Mice. (A) H & E-stained liver from a male mouse on the MD.
(B) H & E-stained liver from a male mouse on the TAD. (C) An independent samples t-test revealed
a significant difference in the percentage of pixelated area that was unstained following H & E

staining, p < 0.001, N’s = 11-12. (D) Oil-Red O-stained liver from a male mouse on the MD. (E)
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Oil-Red O-stained liver from a male mouse on the TAD. (D-E) Lipids are stained red. Bars represent

mean = SEM. Significant differences (p < 0.05) are designated by *.
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Figure 12. Liver Histology in Female Mice. (A) H & E-stained liver from a female mouse on the

MD. (B) H & E-stained liver from a female mouse on the TAD. (C) An independent samples t-test

revealed a significant difference in the percentage of pixelated area that was unstained following H &
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E staining, p <0.001, N’s =12. (D) Oil-Red O-stained liver from a female mouse on the MD. (E) Oil-
Red O-stained liver from a female mouse on the TAD. (D-E) Lipids are stained red. Bars represent

mean = SEM. Significant differences (p < 0.05) are designated by *.
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Figure 13. Peripheral Cytokine Production (pg/mL) in Serum of Male Mice. Independent
samples t-tests were performed to compare the quantity of peripheral cytokines produced in
serum following six months of diet. (A) Mice on the MD produced significantly less TNF-a in
serum, compared to mice on the TAD, p < 0.001. (B-D) There was no significant difference in IL-1j,
IL-10, or IFN- y production between diet conditions, ps > 0.05. (A—D) N’s = 11-16. Bars represent

mean + SEM. Significant differences (p < 0.05) are designated by *.
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Figure 14. Peripheral Cytokine Production (pg/mL) in Serum of Female Mice. Independent

samples t-tests were performed to compare the quantity of five cytokines produced in serum

following six months of diet. (A) Female mice on the MD produced significantly less TNF-a in

serum, in comparison to female mice on the TAD, p <0.001, N’s = 9-12. (B—D) There was no

significant difference in IL-1p, p > 0.05, N’s = 11-12, IL-10, p > 0.05, N’s = 13, IFN- y, p > 0.05,

N’s = 11-12, or IL-6 production between diet conditions, p > 0.05, N’s = 13. Bars represent mean

+ SEM. Significant differences (p < 0.05) are designated by *.
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Figure 15. Soluble ABi-42 (pg/mg of protein) in the Cortex and Hippocampus of Male Mice.
Male mice on the TAD had significantly more soluble ABi1-42 (pg/mg) in the cortex, p < 0.01, and in

the hippocampus, p < 0.05, compared to those on the MD, N’s = 12—-16. Bars represent mean + SEM.

Significant differences (p < 0.05) are designated by *.
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Figure 16. Soluble Af1-42 (pg/mg of protein) in the Cortex and Hippocampus of Female Mice.
Female mice on the TAD had significantly more soluble ABi- 42 (pg/mg) in the cortex, p < 0.05, but
not in the hippocampus, p > 0.05, compared to female mice on the MD, N’s = 11-14. Bars represent

mean = SEM. Significant differences (p < 0.05) are designated by *.
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Figure 17. Open Field Test and Elevated Zero Maze Results in Male Mice. Multiple

independent samples t-tests were performed to examine exploratory behavior, locomotor activity,
and anxiety-like behavior. (A) Male mice on the MD exhibited significantly more vertical counts

during the last five minutes of testing, and during the total testing time compared to mice on the
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TAD, ps <0.01. (B) Mice on the MD traveled a significantly farther distance (cm) than those on
the TAD during the last five minutes of testing p < 0.05. The difference in total distance (cm) traveled
approached significance, p = 0.072. (C) There was no significant difference in time (s) spent in the
center zone of the open field between the two diet conditions, ps > 0.05. (D) There was no significant
difference in the average speed (cm/s) between the two diet conditions, ps > 0.05. (E) Mice on the
MD spent significantly more time in the open quadrants of the elevated zero plus maze in
comparison to mice on the TAD, p <0.01. (A-E) N’s = 13-20. Bars represent mean + SEM.

Significant differences (p < 0.05) are designated by *.
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Figure 18. Open Field Test and Elevated Zero Maze Results in Female Mice. (A-B) The results

revealed that there was no significant difference in vertical counts or distance traveled between

female mice on the MD and TAD, ps > 0.05. (C) Female mice on the MD spent significantly more

time in the center zone of the open field during the first five minutes of testing (bin 1), p < 0.05, but

not in the last five minutes of testing (bin 2), or during the total testing time (10 minutes), ps > 0.05.
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(D) There was no significant difference in the average speed (cm/s) between female mice on the MD

and TAD during the first five minutes of testing (bin 1), p > 0.05. However, female mice on the MD

were significantly faster during the last five minutes of testing, and throughout the total duration of

testing (10 minutes), ps < 0.05. (E) There was no significance difference in the amount of time spent

in the open quadrants of the elevated zero maze between female mice on the MD and TAD, p > 0.05.

(A-E) N’s = 9-17. Bars represent mean + SEM. Significant differences (p < 0.05) are designated by

*
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Figure 19. Spatial Memory in OLM Test in Male Mice. (A) Male mice on the MD spent

significantly more time exploring the object moved to the novel location, compared to mice on the
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represent mean + SEM. (B) Mean of APi-42in the Cortex by the Percentage of Time Exploring
New Location Object in OLM in Male Mice. There was a medium, negative correlation

between the two variables, » =-.498, n =15, p = 0.059, ns.
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Figure 20. Diet Does Not Affect Spatial Memory in Female Mice. There was no significant
difference in object exploration in the novel location between female mice on the MD and TAD,

p > 0.05. Bars represent mean = SEM.

5. Discussion for Experiment 1

The current experiment aimed to explore how early-life implementation and continued long-
term adherence to the MD, could potentially prevent the development of AD pathologies and
memory impairment later in adulthood, when compared to the TAD. Although there is abundant
evidence that the MD is associated with protection against AD pathologies, such as A accumulation
in older adults, there is limited research on the underlying biological and behavioral mechanisms
of a long-term, comprehensive MD, and how it potentially diminishes AD susceptibly in animal
models (Berti et al., 2018; Rainey-Smith et al., 2018). Although numerous studies have explored
the effects of supplementation of Mediterranean foods, like olive oil and fish oil, with standard chow

rodent diets, these are not representative of a human MD. Based on the current available evidence,
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the combined effects of multiple Mediterranean dietary components may be more protective against
AD pathologies compared to supplementation of just one or two MD components (Szczechowiak et
al., 2019). MD experts infer that foods and nutrients in the MD work synergistically to provide health
benefits, such as protection against cognitive decline in elderly people (Trichopoulou et al., 2015;

Trichopoulou et al., 2014).

Likewise, limited studies have examined the effects of a comprehensive TAD on AD
biomarkers, behavior, and cognition in mice, as many prior experiments have utilized Western rodent
diets with exaggerated fat (e.g., SFA) or sugar content that is not truly representative of the average
American’s diet. Commonly used Western rodent diets do not typically mimic multiple key variables
of'a TAD, such as average macronutrient densities, percentage of kilocalories from different sources
of fat (SFA, MUFAS, and PUFAYS), or n-6 to n-3 ratio. Therefore, we addressed these limitations by
investigating the long-term effects of two, comprehensive, macronutrient-matched diets (MD vs.
TAD) on AD susceptibility in male and female C57BL/6 mice. The two experimental diets were
designed to (1) mimic the average macronutrient density ranges found in human Mediterranean
or American diets, (2) incorporate diverse food sources, rather than supplementation of one or

two dietary components (3) control for energy availability between both diets.

To our knowledge, this is the first experiment to directly compare the effects of two
macronutrient-matched rodent diets that mimic several key variables of either a typical
Mediterranean or American diet on physiology, AD biomarkers, behavior, and cognition in
wildtype mice. However, a similar experimental design was recently utilized by Shively and
colleagues, in which experimenters created two diets resembling the MD or WD for nonhuman
primates (Johnson et al., 2022; Johnson et al., 2021; C. A. Shively et al., 2020; Shively et al.,

2019; Carol A. Shively et al., 2020). Experimenters found that long-term consumption of a WD
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induced excess body fat, insulin resistance, and hepatosteatosis (Shively et al., 2019), anxiety
(Johnson et al., 2022; Johnson et al., 2021), and the expression of pro-inflammatory genes

(Johnson et al., 2021) compared to the MD in nonhuman primates.

The results of the current study revealed that a comprehensive MD protected male mice
from developing biological, behavioral, and cognitive measures associated with AD, compared
to the typical dietary pattern in the U.S. The current data lend support to prior research that has also
revealed the harmful effects of high-fat, WDs on physiological, biological, behavioral, and cognitive
markers associated with AD in male wildtype mice (Baranowski, Bott, & MacPherson, 2018; Gabriel
et al., 2020; Kanoski et al., 2007; Pistell et al., 2010; Rutkowsky et al., 2018). However, the current
findings addressed a gap in the literature and revealed that a TAD with a Jower fat and sugar content
compared to widely used WDs still provoked AD biomarkers, behavioral alterations, and spatial
memory impairment in male mice. This further corroborates the hypothesis that the #ypical dietary

pattern in America is linked to increased AD susceptibility in wildtype mice.

Interestingly, although both diets in the current study were macronutrient-matched, male
mice assigned to the MD consumed more kilocalories per day than those assigned to the TAD.
These results are not in line with our hypothesis that male mice on the MD or TAD would
consume the same amount of food. A previous study investigating the effects of the WD found that
male C57BL/6 consumed less food when placed on a WD, in comparison to a low-fat chow diet,
most likely due to higher kilocalorie content (Casimiro et al., 2021). However, contrary to most prior
research, the two diets utilized in the current study were macronutrient-matched, and thus provided
the same amount of energy availability. Notably, although male mice on the MD consumed more
total calories, they weighed less than male mice on the TAD, following six months of diet

administration. Although prior research has clearly established that a high-fat WD (providing 40—
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60 % kcal from fat) induces excess weight gain compared to low-fat diets (Graham et al., 2016;
Heyward et al., 2012; Pistell et al., 2010), the current study is one of the first to illustrate that the

TAD induces significant weight gain in male C57BL/6 mice.

Although the TAD currently utilized provided approximately 5-25% less kilocalories from fat
than typical WDs used in research with C57BL/6 mice (Denver et al., 2018; Guillemot-Legris,
Masquelier, et al., 2016; Heyward et al., 2012; Julien et al., 2010; Liu et al., 2014; Moser et al., 2018;
Pistell et al., 2010; Rutkowsky et al., 2018), it still increased body weight compared to the MD in
male mice. Similar to the current study, Graham and colleagues (2016) designed an animal fat and
protein-based that was representative of the average diet in Western societies, and compared it to a
plant-based, low-fat diet in male B6.APBTg and wildtype mice. Although the diets utilized by
Graham and colleagues (2016) were not macronutrient-matched like the current study, the diets
provided similar calorie content, and they induced significant weight gain in both B6.APBTg and
wildtype mice following eight months of diet administration. Together, the current study and the
previously described experiment (Graham et al., 2016) demonstrate that the average American
diet engenders increased weight gain in male C57BL/6 mice. However, there were no differences
in food consumption patterns or body weight in female mice. Notably, other researchers have also
discovered a sexual dimorphism in feeding behavior and body weight in C57BL/6 mice. A recent
study reported that male C57BL/6 mice are more susceptible to increased weight gain and insulin

resistance from Western rodent diets compared to females (Casimiro et al., 2021).

Further, olive oil rich diets, with a high MUFA to SFA ratio, have been shown to protect
rodents from excess body weight gain in comparison to SFA rich diets(Lauretti et al., 2017;
Nakajima et al., 2020). However, even when examining Mediterranean dietary factors, there are

conflicting results in the literature, and other studies have not found significant effects of such
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factors on body weight in wildtype mice and transgenic mouse models of AD (Marchlewicz et
al., 2022; Nardiello et al., 2018; Sharman et al., 2019). For example, Nardiello et al. (2018)
found that an olive oil supplemented rodent diet did not affect body weight in wildtype mice, or a
transgenic mouse model of AD. However, the previously discussed studies differ from the
current study because they examined the effects of a standard chow diet supplemented with or

without olive oil, rather than a comprehensive diet.

Overall, data from the current study suggest that the #ype of diet ingredients (e.g., butter and
beef fat vs. olive oil and fish oil) could play a crucial role in the prevention of weight gain in male
mice. As mid-life obesity is the number one modifiable risk factor for AD (Livingston et al., 2020),
these data provide more insight on the potential use of the MD for weight gain prevention, compared
to the TAD. Further, although the MD and TAD both provided the same percentage of kilocalories
from fat, male mice assigned to the TAD had more abdominal white adipose fat and heavier livers
compared to those on the MD, whereas there were no differences in females. This is supported by
previous experiments that have also demonstrated that Western rodent diets increase white adipose
fat in male C57BL/6 mice (Illesca et al., 2019) and SXFAD mice (Lin et al., 2016). Notably, Illesca
and colleagues (2019) found that hydroxytyrosol (a polyphenol in olive oil) mitigated metabolic
impairment induced by a high-fat diet on white adipose tissue via NF-kB and Nrf2 pathways in male

C57BL/6 mice.

We also explored the effects of diet on fat deposition in the liver, as nonalcoholic fatty liver
disease (NAFLD) has been associated with increased risk of AD (Jeong et al., 2022) and
cognitive decline in human subjects (Seo et al., 2016). As previously discussed, new evidence
has also demonstrated that partial blockage of blood flowing to the liver impairs the liver’s

ability to clear ABi—s0and APi-42 in the periphery of the body, and thus exacerbates central ABi-
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40and ABi—42 in the brain in APP/PS1 mice (Cheng et al., 2023). Thus, we explored the effects of
the MD and TAD on fat deposition in the liver, and histological results revealed that the TAD
induced more fat deposition in the liver compared to the MD in both male and female mice. These
data suggest that both the #ype of fat, the percentage of kilocalories from different sources of fat, and

the n-6 to n-3 ratio is crucial for liver health.

Likewise, prior studies have also shown a WD, providing high SFA and n-6 to n-3 ratio,
provoke excess fat deposition in the liver of wildtype mice (Kim et al., 2016; Li et al., 2018), and
induce NAFLD and exacerbate ABi1-42 plaque burden in APP-Tg mice (Kim et al., 2016).
Additionally, a recent study found that long-term WD consumption increased hepatosteatosis
compared to a macronutrient-matched MD in female, non-human primates (Shively et al., 2019).
These results are further supported by previous research that explored the effects of Mediterranean
dietary factors on liver health in human subjects (George et al., 2022; Ryan et al., 2013). For
example, George and colleagues (2022) utilized data from the ATTICA study and found that each
one unit increase of the Mediterranean diet score was associated with 17% less risk of NAFLD in
healthy adults. Similar to the MD utilized in the current study, a plant-based diet with a balanced n-6
to n-3 ratio protected female C57BL/6 mice from fatty liver disease compared to a WD (Li et al.,
2018). Further, a recent study demonstrated that the combined effects of a Mediterranean fat blend
reduced lipid peroxidation and ROS provoked by high-fat diet induced steatohepatitis in primary
mouse hepatocytes (Castellanos-Tapia et al., 2020). These data further support the current findings
that the combined effects of multiple MD factors could protect C57BL/6 mice from fatty liver
disease compared to the TAD. As NAFLD has been linked to increased AD risk, evidence presented
in prior research and the current study indicates that plant-based or MD-style diets prevent fat

deposition in the liver, while a TAD induces fatty liver in male and female C57BL/6 mice.
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In addition to increased fat deposition in the liver, the TAD also increased serum TNF-o in
male and female mice, and only moderately increased serum IL-1f3 in male mice compared to mice
on the MD. These results are supported by previous findings that a WD increases pro-inflammatory
cytokine production in C57BL/6 mice (Li et al., 2018; Pistell et al., 2010). However, we did not
see significant differences in other pro-inflammatory markers, like IFN- y, in male mice, as the

TAD utilized in the current study had lower fat content compared to commonly used WDs.

The current findings are also supported by previous experiments that demonstrated the
anti-inflammatory capacity of Mediterranean dietary factors in C57BL/6 mice (Akerele &
Cheema, 2018; Illesca et al., 2019; Li et al., 2018). Although there is limited research on the
potential, anti-inflammatory effects of a complete MD in mice, prior studies demonstrate that
individual elements in the MD are anti-inflammatory. For example, prior studies have shown that
a plant-based diet (Li et al., 2018) or a Mediterranean fatty acid diet (Wenzel et al., 2022)
reduces inflammation in female mice. Interestingly, colon length is also a known indicator of
inflammation, and increased inflammation in the colon leads to shrinkage (Piazzi et al., 2019;
Suzuki et al., 2005). In the current study, male mice on the MD had significantly longer colons in
comparison to the male mice on the TAD. Likewise, Piazzi and colleagues (2019) recently
reported that a Mediterranean rodent diet, supplemented with multiple plant polyphenols,
protected a mouse model of colon cancer from colon shrinkage. Thus, the current results, in
addition to other studies (Piazzi et al., 2019) suggest that the MD could potentially protect mice
from inflammation in the colon. Overall, the results of the current study fill a gap in this
literature and demonstrate that a comprehensive MD protects against the elevation of serum
TNF-a compared to the TAD in both male and female mice. However, our hypothesis that the MD

would prevent elevated levels of serum IL-1, IL-10, or IFN- y was not confirmed, and more
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research is needed to understand the complex relationship between the MD and innate immune

response in C57BL/6 mice.

The results of the current study also revealed that the TAD provoked an increase in APi-42
in the cortex of both male and female mice, and in the hippocampus of male mice, compared to
the MD. In support of these findings, prior studies have demonstrated that a WD induces ABi—42
in C57BL/6 mice (Moser et al., 2018), although few have explored the effects of a TAD on AD
susceptibility in wildtype mice, like the current study. Nevertheless, Western diets designed for
rodents have also been shown to exacerbate the progression of AD pathologies in transgenic
mouse models of AD (Graham et al., 2016; Ho et al., 2004; Hooijmans et al., 2007; Julien et al.,
2010; Vandal et al., 2014; Walker et al., 2017). Like the current study, Graham and colleagues
(2016) created a rodent diet that resembled the average diet consumed in the U.S. Interestingly,
they found that the WD exacerbated ABi-42 plaque burden in the hippocampus, but not the cortex
of male B6.APBTg mice. The current results are also supported by prior studies that also
discovered the amyloid reducing capacity of MD components, like olive oil and fish oil. For
example, prior research has found that standard chow diets supplemented with olive oil reduce or
prevent hippocampal and cortical A in transgenic mouse models of AD (Lauretti et al., 2017;
Qosa et al., 2015), and wildtype mice (Abuznait et al., 2013), respectively. Additionally,
previous studies have demonstrated that plant polyphenols in olive oil can be used as amyloid
reducing agents in rats (Luccarini et al., 2014) and mice (Grossi et al., 2013; Nardiello et al.,
2018). Similarly, fish oil and DHA supplementation has been shown to mitigate hippocampal
and cortical A production in transgenic mice (Green et al., 2007; Lim et al., 2005; Oksman et

al., 2006; Perez et al., 2010; Zhou et al., 2018). Collectively, these data demonstrate that

89



Mediterranean dietary factors, particularly olive oil and fish oil, could potentially be utilized as

amyloid lowering therapies.

Overall, the results of the current study suggest that the combined effects of Mediterranean
macronutrient sources, such as the types of carbohydrates, protein, and fat, in addition to both
insoluble and soluble fiber, work together to prevent elevated AP production in the cortex and
hippocampus, compared to the TAD in male mice. Based on our current findings in both liver
and brain tissue, we infer that the TAD induced fatty liver disease and impaired the liver’s ability
to clear circulating ABi—42 in the blood. Cheng and colleagues (2023) recently demonstrated that
blocking blood flow to the liver increased circulating AP in mice, and thus, we infer that
impaired peripheral ABi-4> clearance potentially increased Ai-42 transport to the brain in male
mice on the TAD. We were particularly interested in exploring the relationships between
abdominal white adipose fat weight, liver weight, serum TNF-alpha, and AB1-42, as increased
adiposity has been associated with inflammation and AD biomarkers. We found that white
adipose fat strongly correlated with cortical ABi_42 and serum TNF- a, while serum TNF- a
strongly correlated with both liver and body weight. These relationships indicate that increased fat
deposition in the abdomen and liver is associated with increased TNF-a production. Similar to the
current findings, Her and colleagues (2020), demonstrated that NAFLD induced chronic
inflammation in mice (Her et al., 2020). Likewise, a recently published meta-analysis revealed that

NAFLD was associated with serum TNF-a in adults (Duan et al., 2022).

In addition to inducing fatty liver and TNF-a, we hypothesize that the TAD potentially
disrupted the BBB, and increased the ability of peripheral ABi—4>to enter the brain via the RAGE
receptor. Future studies should investigate the relationship between the liver and brain, to

understand if the TAD provokes both peripheral ABi.42, and brain generated APi-4> via de novo
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synthesis. Overall, more research is needed to explore the relationships between liver function,
inflammation, and peripheral AP transport to the brain following MD or TAD administration, as the

liver-brain axis could be a key target for AD therapeutics.

The results of behavioral testing revealed that the TAD altered locomotor activity in both
male and female mice. Male mice on the TAD traveled less distance within the open field
chamber compared to male mice on the MD. However, in female mice, there were no differences
in the distance traveled, although female mice on the MD traveled faster than female mice on the
TAD. Our hypotheses were only partially supported, because the TAD decreased exploratory
activity and increased anxiety-like behavior compared to the MD in male mice, but not female
mice. Interestingly, prior studies have also observed sexual dimorphisms in behavior between
male and female C57BL/6 mice following exposure to a high-fat WD (Casimiro et al., 2021).
Casimiro and colleagues found that a high-fat WD decreased locomotor activity in male, but not
female C57BL/6 mice. Like the current results, other studies have demonstrated that olive oil or
fish oil supplementation increases locomotor activity in male rats (Nakajima et al., 2020) and

mice (Oksman et al., 2006; Walker et al., 2017).

Additionally, the MD protected male mice from spatial memory impairment in comparison
to the TAD in the OLM task. During the training sessions of OLM, mice spent the same amount
of time exploring the two identical objects, and during testing, mice on the MD spent more time
exploring the object that was moved to the novel location, compared to those on the TAD. Prior
studies have clearly established that Western rodent diets impair learning and memory processes
(Abbott et al., 2019; Kanoski & Davidson, 2011). The current results are supported by prior
studies that have revealed the harmful effects of Western rodent diets (providing about 40-60%

kcal from fat) on spatial learning and memory, specifically in OLM task (Heyward et al., 2012),
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novel object recognition task (NOR) (Denver et al., 2018; Heyward et al., 2012), T-maze
(Arnold et al., 2014; Pistell et al., 2010), and Morris water maze (Denver et al., 2018; Xu et al.,
2018), in mice. Additionally, numerous studies have clearly demonstrated that a WD specifically
impairs spatial learning and memory in rats (Cordner & Tamashiro, 2015; Kanoski & Davidson,

2011; Kanoski et al., 2007; Molteni et al., 2002; Stranahan et al., 2008).

Moreover, the results of the current study are supported by previous findings on the
protective capacity of plant-based diets (Li et al., 2018), and diets supplemented with plant
polyphenols (Grossi et al., 2013; Nardiello et al., 2018; Pérez-Canamas et al., 2016), or olive oil
(Farr et al., 2012; Lauretti et al., 2017) on learning and memory in mice. For example,
hydroxytyrosol, a prominent plant polyphenol in olive oil, improved spatial memory and object
discrimination in a transgenic mouse model of AD (Nardiello et al., 2018). Lending support to
these findings, recent studies have found that the combined effects of multiple dietary
components in the MD support cognition in mice (Li et al., 2018; Sharman et al., 2019). For
example, Li and colleagues (2018) examined the effects of a PUFA-rich, plant-based diet versus
a WD in female C57BL/6 mice. Mice were administered one of the two experimental diets for
three months prior to behavioral testing, and the results revealed that the plant-based diet
significantly enhanced spatial learning in comparison to the WD (Li et al., 2018). Additional
research has also shown that short-chain fatty acids, produced by gut microbiota following fiber
intake, protect cognition. For example, sodium butyrate has been shown to improve learning and
memory in a transgenic mouse model of AD (Fernando et al., 2020). As fiber was a key
component in the MD utilized in the current study, the current results support previous findings

on the benefits of high-fiber diets on learning and memory in mice.
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Further analysis of the data also revealed that higher levels of cortical APi-4> were
moderately, but not significantly, correlated with reduced object exploration of the novel location
during OLM testing in male mice. The trend in this data suggests that the development of
cortical APi1-42, induced by the TAD, may disrupt spatial learning and memory in male C57BL/6
mice, compared to the MD, and further strengthens our hypothesis that the MD would hinder the

development of AD neuropathology and cognitive impairment compared to the TAD.
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CHAPTER 3: EXPERIMENT 2, THE PROTECTIVE EFFECTS OF THE MEDITERRANEAN

DIET AGAINST LPS-INDUCED CENTRAL INFLAMMATION

Abbreviated Introduction

As previously discussed, WDs have been shown to provoke peripheral inflammation in
wildtype mice (Graham et al., 2016; Li et al., 2018; Pistell et al., 2010). Likewise, the current
study also found that the TAD increased serum TNF-a in male and female mice, and moderately
increased serum IL-1f in male mice, compared to the MD. WDs have also been shown to induce
or exacerbate central inflammation in the cortical (Liu et al., 2014; Pistell et al., 2010; Walker et
al., 2017) and hippocampal regions (Liu et al., 2014) of wildtype mice (Liu et al., 2014; Pistell et
al., 2010), and transgenic mouse models of AD (Graham et al., 2016; Walker et al., 2017),
respectively. As chronic inflammation is connected to the neuropathology of AD, these data

suggest that a WD may trigger or exacerbate AD neuropathology via inflammatory mechanisms.

Increased circulation of pro-inflammatory cytokines from peripheral organs and blood
can induce the production of cytokines in the brain via transduction of the vagus nerve.
Stimulation of vagal afferents activates the brain’s resident immune cell, microglial cells, and
microglia respond to inflammatory triggers by secreting neurotoxic factors, like pro-
inflammatory cytokines and reactive oxygen species (Biesmans et al., 2013; Block et al., 2007;
Dantzer, 2018; Steinberg et al., 2016; Zanos et al., 2018). As the current study observed an
increase in serum TNF-a following consumption of the TAD, we also hypothesized that the
TAD would induce increased gene expression of pro-inflammatory cytokines in the brain

compared to the MD.
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Accordingly, study two was conducted to further examine the effects of the TAD and
MD, combined with an inflammatory stimulus, to investigate the potential, protective effects of
the MD against external inflammatory triggers that could harm the CNS. As previously
discussed, there are numerous environmental inflammatory triggers, such as allergies, pollution,
pathogens, viruses, chronic stress, and unhealthy foods, that activate the innate immune response
(Macdonald & Monteleone, 2005; Parham, 2013). Thus, bolstering the immune system with a

healthy diet could potentially protect the body from inflammation induced by external sources.

As wildtype mice do not typically produce high levels of pro-inflammatory cytokines
without an inflammatory stimulus, our laboratory utilizes lipopolysaccharide (LPS) to induce the
innate immune response. LPS comes from the cell wall of gram-negative bacteria, such as
Escherichia coli (E. coli), and it is a toll-like receptor 4 (TLR4) agonist. As previously noted,
toll-like receptors are pathogen recognition receptors that respond to inflammatory triggers by
activating immune cells and inducing a signaling cascade to protect the body from unknown
pathogens (Lee et al., 2003; Parham, 2013). The downstream effects following TLLR4 activation
turns on the transcription factor, NF-kB, and induces transcription of pro-inflammatory cytokine
genes (Liu et al., 2017). Activation of this pathway has been shown to provoke the pro-
inflammatory M1 phenotype of macrophages and microglia, and thus, chronic activation of NF-

kB promotes microgliosis in the brain (Liu et al., 2017).

Numerous studies have utilized LPS to induce both peripheral and central inflammation
in mice (Biesmans et al., 2013; Kahn et al., 2012; Kranjac et al., 2012; Lee et al., 2008;
Weintraub et al., 2013; Zhao et al., 2019). Historically, our laboratory has demonstrated that
seven consecutive days of intraperitoneal (i.p.) LPS (250ug/kg) injections induces soluble ABi-4>

in the hippocampus, and disrupts learning and memory in contextual fear conditioning (Kahn et
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al., 2012; Weintraub et al., 2013). These findings are supported by other researchers who have
also demonstrated that LPS treatment induces cognitive deficits in the MWM task (Sparkman et

al., 2005; Zhao et al., 2019), and auditory and contextual fear conditioning (Pugh et al., 1998).

Our laboratory has repeatedly shown that one i.p. injection of LPS (250ug/kg) induces
mRNA expression of pro-inflammatory cytokines and reduced mRNA expression of BDNF in
the dorsal hippocampus of C57BL/6 mice (Kranjac et al., 2012). Specifically, the dorsal
hippocampus has abundant cytokine receptors, and LPS treatment induces a more rapid
inflammatory response in the dorsal hippocampus compared to ventral hippocampus (Onufriev et

al., 2018; Parnet et al., 2002).

Prior studies have clearly demonstrated that IL1- disrupts learning and memory in
hippocampus-dependent tasks (Barrientos et al., 2002; Barrientos et al., 2004), and TNF-a
interferes with synaptic transmission (Pickering et al., 2005). Prior research has further examined
the relationship between cytokines and cognitive dysfunction, and demonstrated that LPS-
induced inflammation decreases brain-derived neurotrophic factor (BDNF) (Kranjac et al., 2012;
Schnydrig et al., 2007), a key player in memory consolidation and synaptic plasticity (Lee et al.,
2004). BDNF loss is associated with several neurogenerative diseases, like AD (Miranda et al.,
2019) and research has shown that AD patients have reduced levels of serum BDNF compared to
healthy individuals (Gezen-Ak et al., 2013). Thus, BDNF is an AD biomarker that is commonly

measured in addition to AP and BACEI].

Notably, multiple studies have shown that high SFA, Western rodent diets reduce BDNF
in rats (Kanoski et al., 2007; Molteni et al., 2002; Stranahan et al., 2008) and mice (Pistell et al.,
2010; Tozuka et al., 2010), while diets supplemented with plant polyphenols have been shown to

protect mice from high-fat diet induced BDNF loss (Liu et al., 2014). Although there is little
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research available on the effects of a comprehensive MD on BDNF, a prior study in human
subjects found that high MD adherence was associated with higher levels of BDNF (Sanchez-
Villegas et al., 2011). Based on the previously discussed findings, we aimed to further assess the
relationship between diet and mRNA expression of cytokines, BDNF, and BACET1 in the dorsal
hippocampus, to investigate the potential, protective effects of the MD against LPS-induced

inflammation and AD biomarkers, compared to the TAD.

Hypotheses

Based on preceding evidence in the scientific literature, we hypothesized that early-life
implementation and long-term consumption of a comprehensive MD would protect adult mice
from LPS-induced mRNA expression of TNF-a, IL-1p, IL-6 in the dorsal hippocampus.
Additionally, based on our findings in study one, in which the TAD generated significant AP in
the cortex of both male and female mice, and in the hippocampus of male mice compared to the MD,
we hypothesized that mice on the TAD would also have increased mRNA expression of BACE].
BACEI] is an enzyme that is involved in the pathogenic cleavage of the membrane protein, amyloid
precursor protein, a process that results in the formation of A peptides (LaFerla et al., 2007; LaFerla
& Oddo, 2005). Thus, we hypothesized that the TAD would increase BACE1 compared to the MD,
particularly in male mice, as they had significant differences in AB1-42 in the hippocampus, but the
female mice did not. Further, as prior studies have shown that Western rodent diets promote mRNA
expression of pro-inflammatory cytokines and reduce mRNA expression of BDNF and anti-
inflammatory cytokines (Pistell et al., 2010), we also hypothesized that the MD would protect

mice from BDNF and IL-10 loss following LPS treatment.

1. Materials and Methodology for Experiment 2

Experimental Design
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Following 6 months and 21 days of diet administration (MD or TAD), male and female

C57BL/6 mice were randomly assigned to one of two treatment conditions: one intraperitoneal

(i.p.) injection of LPS (E. Coli serotype 026:B6; Sigma-Aldrich, St. Louis, MO) or sterile saline

(Dulbecco’s PBS; Caisson Laboratories, Smithfield, UT) at a dose of 250 pg/kg, four hours prior

to tissue collection. Injections were performed between 0800 h and 1100 h. Our laboratory has

previously demonstrated that one i.p. injection of LPS increases mRNA expression of IL1-f3 in

both the cortex and the hippocampus of male C57BL/6 mice four hours following treatment

(Kranjac et al., 2012). Thus, we utilized the same model performed by Kranjac and colleagues

(2012) to induce central inflammation in the dorsal hippocampus following long-term diet

administration. See Figure 21 for experimental timeline.
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Figure 21. Experimental Timeline for Experiment 2.
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Quantitative reverse-transcription polymerase chain reaction (QRTPCR)

Central gene expression for brain derived neurotrophic factor (BDNF), Beta-secretase 1
(BACEL), TNF-a, IL-1B, IL-10, IL-6, and B-actin (endogenous control gene) was measured in the
dorsal hippocampus, utilizing quantitative reverse-transcription polymerase chain reaction
(qQRTPCR). First, mRNA was isolated from hippocampal tissue utilizing a Maxwell LEV
simplyRNA Purification kit (Maxwell, Promega Corporation, Madison, WI) and measured for
quantity and purity with a NanoDrop ND-1000 Spectrophotometer (ThermoFisher Scientific,
NanoDrop Products, Wilmington, DE). Subsequently, reverse transcription was performed
utilizing Script Reverse Transcriptase Supermix (Bio-Rad, Hercules, CA) and the 7500 Real-
Time PCR Thermal Cycling System (Applied Biosystems, Foster City, CA). The RT

thermocycler settings were as follows: 5 min at 25 °C, 30 min at 42 °C, and 5 min at 85 °C.

Expression levels of mRNA for the target genes were then measured using iTaq
Universal Probes Supermix (Bio-Rad, Hercules, CA) and PrimePCR Probe Assay probes (Bio-
Rad, Hercules, CA). Samples were run in triplicate for each gene, and the relative amount of
cDNA from the fluorescence data was compared and normalized to the relative amount of B-actin
utilizing the CFX Connect Real-Time PCR Detection System (Bio-Rad, Hercules, CA). PCR
thermocycle settings for PCR were: 30 seconds at 95 °C, 5 seconds at 95 °C, and 39 cycles of 30
seconds at 60 °C.

Statistical Analyses

Multiple analyses of variance (ANOVAs) were conducted utilizing Prism (GraphPad
Software, Inc., San Diego, Ca), to examine the effects of diet condition (MD or TAD) and
treatment condition (LPS or saline) on gene expression. An alpha level of p <0.05 was

considered significant. If a sample had a quantitation cycle (Cq) standard deviation of 0.250 or
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higher, the outlier of the triplicates was removed from the dataset. If the Cq standard deviation
was still more than 0.25 following this correction, the sample was excluded from data analysis.

3. Results

Gene Expression of BDNF and BACEI in the Hippocampus of Male Mice.

A two-way ANOVA revealed a significant main effect of diet condition (MD or TAD) on
hippocampal BDNF mRNA, F(1, 38) =9.263, p = 0.004, in which mice on the MD had increased
BDNF gene expression compared to those on the TAD. There was no significant main effect of
injection (LPS or saline), (1, 38) = 0.069, p = 0.794. Post-hoc analyses revealed that mice on the
MD had increased BDNF gene expression compared to those on the TAD following LPS treatment,
p =0.006. However, a two-way ANOVA did not reveal a significant main effect of injection, F(1,39)
=3.485, p =0.07, or diet condition, F(1,39) =2.606, p = 0.115, on BACEI gene expression in male

mice. See Figure 22.

Gene Expression of TNF-qa, IL-1p, IL-6, and IL-10 in the Hippocampus of Male Mice.

A two-way ANOVA revealed a significant main effect of injection on TNF-o gene expression,
F(1,38) =73.55, p <0.001, such that male mice that received LPS treatment had increased TNF-o
gene expression compared to mice that received sterile saline. There was also a significant main
effect of diet condition, F(1,38) =4.320, p = 0.045, such that mice on the TAD had increased TNF-a.
gene expression than those on the MD. This was further supported by a significant interaction,
F(1,38)=4.242, p = 0.0463, in which the combined effects of the TAD and LPS treatment
significantly elevated TNF-a gene expression compared to the TAD and saline treatment.
Additionally, post-hoc analyses revealed that the TAD and LPS treatment significantly increased

TNF-a gene expression compared to the MD and LPS treatment, p = 0.019.
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A two-way ANOVA also revealed a significant main effect of injection on IL-1 gene
expression, F(1,35) =113.4, p <0.001, in which mice that received LPS had increased IL-1f3 gene
expression compared to mice that received saline. There was also a significant main effect of diet
condition, F(1,35) = 5.484, p = 0.025, in which mice on the TAD had increased IL-1P gene
expression than those on the MD. Finally, the interaction approached significance, F(1,35) =4.106, p
= 0.0504. Post-hoc analyses revealed that the TAD and LPS treatment significantly increased IL-1§

gene expression compared to the MD and LPS treatment, p = 0.011.

A two-way ANOVA revealed a significant main effect of injection on IL-6 gene expression,
F(1,37)=21.22, p <0.001, in which male mice that received LPS had increased IL-6 gene
expression compared to male mice that received saline. However, there was no significant main
effect of diet on IL-6 gene expression in male mice, F(1,37) = 0.003, p = 0.958. Additionally, a two-
way ANOVA did not reveal a significant main effect of injection, F(1,22) = 0.001, p = 0.98, or diet

condition, F(1,22) = 3.624, p = 0.07, on IL-10 gene expression in male mice. See Figure 22.

BDNF and BACE1 Expression of mRNA in the Hippocampus of Female Mice.

A two-way ANOVA revealed a significant main effect of injection condition on hippocampal
BDNF mRNA in female mice, F(1, 32) =4.533, p = 0.041, and this was further supported by a
significant interaction, F(1, 32) =17.01, p <0.001. However, there was no significant main effect of
injection diet condition on BDNF gene expression, (1, 32) = 0.000, p = 0.9842, in female mice.
Post hoc tests revealed that LPS treatment following long-term TAD consumption decreased gene
expression of BDNF in comparison to LPS treatment and long-term MD consumption in female
mice, p = 0.03. Conversely, the results revealed the opposite effect in saline treated female mice, in
which females on the TAD had increased BDNF gene expression compared to those on the MD

following saline treatment, p = 0.032.
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Additionally, a two-way ANOVA revealed a significant main effect of injection on BACEI
gene expression, £(1,30) =7.396, p <0.01, in which female mice that received saline treatment had
increased BACEI1 gene expression compared to female mice that received LPS. Additionally, there
was a significant main effect of diet condition, F(1,30) = 16.860, p <0.001, such that female mice on
the TAD had increased BACE1 gene expression compared female mice on the MD. This was further
supported by a significant interaction, F(1,30) = 5.210, p = 0.03. Additionally, post-hoc analyses
revealed that the TAD and saline treatment significantly increased BACE!1 gene expression

compared to MD and saline treatment, p <0.001, in female mice. See Figure 23.

Gene Expression of TNF-a, IL-1p, IL-6, and IL-10 in the Hippocampus of Female Mice.

A two-way ANOVA revealed a significant main effect of injection on TNF-a gene expression,
F(1,28)=49.51, p <0.001, such that female mice that received LPS treatment had increased TNF-a
gene expression compared to female mice that received saline treatment. However, there was no
significant main effect of diet condition, F(1,28) = 0.004, p = 0.9472, on TNF-a gene expression in
female mice. Additionally, a two-way ANOVA revealed a significant main effect of injection on IL-
1B, F(1,32) =97.83, p < 0.001, such that female mice that received LPS treatment had increased IL-
1B gene expression compared to female mice that received saline. However, there was no significant

main effect of diet condition, F(1,32) =2.247, p = 0.144, on IL-1p gene expression in female mice.

Further, a two-way ANOVA revealed a significant main effect of injection on IL-6 gene
expression, £(1,32) =82.93, p <0.001, such that female mice that received LPS had increased IL-6
gene expression compared to female mice that received saline. However, there was no significant
main effect of diet on IL-6 gene expression in female mice, F(1,32) = 0.147, p = 0.704. Also, a two-
way ANOVA did not reveal a significant main effect of injection, F(1,22) = 0.057, p = 0.814, or diet

condition, F(1,22) =0.373, p = 0.548, on IL-10 gene expression in female mice. See Figure 23.
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Figure 22. Gene Expression in the Dorsal Hippocampus of Male Mice. (A) Male mice on the
TAD had significantly decreased gene expression of BDNF compared to male mice on the MD, p <

0.05, n’s = 9-12. (B) There was no significant main effect of diet on relative normalized gene
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expression of BACELI in male mice, p > 0.05, n’s = 9—12. (C) Male mice on the TAD had increased
TNF-a gene expression compared to male mice on the MD, p <0.05, n’s = 8—12. (D) Male mice on
the TAD had increased IL-1f gene expression compared to male mice on the MD, p <0.05, n’s = 8—
11. (E) There was no significant main effect of diet on relative normalized gene expression of IL-6 in
male mice, p > 0.05, n’s = 8—12. (F) There was no significant main effect of diet on relative
normalized gene expression of IL-10 in male mice, p > 0.05, n’s = 6-8. (A—F) Bars represent mean +

SEM. Significant differences (p < 0.05) are designated by *.
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Figure 23. BACE1, BDNF, and Cytokine mRNA Gene Expression in Female Mice. (A) Female
mice on the MD had decreased gene expression of BDNF following saline treatment compared to
females on the TAD, however, the opposite effect occurred in LPS treated females, ps < 0.05,n’s =9.

(B) In saline treated females, the MD significantly reduced mRNA expression of BACE1 compared
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to the TAD, p > 0.05, n’s = 8-9. (C) There was no significant main effect of diet on gene expression
of TNF-a in female mice, p > 0.05, n’s = 7-9. (D) There was no significant main effect of diet on
gene expression of IL-1p in female mice, p > 0.05, n’s =9. (E) There was no significant main effect
of diet on gene expression of IL-6 in female mice, p > 0.05, n’s = 9. (F) There was no significant
main effect of diet on gene expression of IL-10 in female mice, p > 0.05, n’s = 4-8. (A—F) Bars

represent mean = SEM. Significant differences (p < 0.05) are designated by *.

4. Discussion

The current experiment aimed to understand the potential, neuroprotective effects of the
MD against LPS-induced inflammation compared to the TAD, as inflammation is interconnected
with AD neuropathology. Prior studies have established that peripheral LPS treatment provokes
central inflammation and decreases neurotrophic factors in the hippocampi of C57BL/6 mice
(Kahn et al., 2012; Lee et al., 2008). Therefore, we utilized this paradigm to provoke
inflammation, and measure the effects of diet and LPS on mRNA gene expression of TNF-q, IL-

1B, IL-10, IL-6, BACE1 and BDNF in the dorsal hippocampus.

Previously, studies have shown that long-term consumption of high-fat rodent diets
exacerbates mRNA expression of central pro-inflammatory cytokines in wildtype mice (Liu et
al., 2014; Pistell et al., 2010), and transgenic mouse models of AD (Walker et al., 2017).
However, there is limited data available on the effects of a WD that is more representative of the
average American diet on central inflammation in mice (Graham et al., 2016). Graham and
colleagues were one of the first research teams to demonstrate that the “average” American diet
increased central inflammation compared to a plant-based diet in male C57BL/6 mice and a

transgenic mouse model of AD (Graham et al., 2016). Based on the previously discussed findings,
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we hypothesized that the TAD would further exacerbate central inflammation following LPS

treatment, and the MD would protect the brain following inflammatory insult.

First, our hypothesis that the TAD would increase LPS-induced pro-inflammatory gene
expression was partially supported. The results revealed that the MD protected male mice from
increased gene expression of TNF-a and IL-1B compared to the TAD. However, our hypothesis that
the TAD would increase gene expression of BACEI, and decrease expression of IL-10, was not
supported in male mice. Conversely, prior evidence has shown that a WD providing 60% kilocalories
from fat increases BACE1 in male C57BL/6 mice (Moser et al., 2018). However, the TAD
utilized in the current study only provided 35% kilocalories from fat, and thus, it is difficult to

directly compare these results.

We also hypothesized that the TAD would increase mRNA expression of BACE1 in male
mice, because it increased soluble APi-42. However, these null results suggest that increased
soluble ABi-42levels in the brain following the TAD may be due to potential, increased transport
of peripheral ABi-4 peptides from other organs, like the liver, rather than increased
amyloidogenic cleavage of APP in the brain. BACEI is largely produced by neurons in the brain,
and thus, these data indicate that diet-induced production of A1 42 peptides may be occurring in
other areas of the body, like the liver (Taylor et al., 2022). BACEI is also found in adipocytes and
hepatocytes, and accordingly, ABi-42 peptides produced by peripheral cells could potentially cross the
BBB via the RAGE receptor and other cellular mechanisms (Deane et al., 2003). In a future study,
this hypothesis could be tested by measuring the amount of peripheral AP 421n the blood, white
adipose tissue, or liver, to understand the underlying cellular mechanisms of peripheral or central

APi-42 generation induced by the TAD.
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When comparing mRNA expression of pro-inflammatory genes in the hippocampus to
serum cytokine levels from Experiment 1, it is interesting to note that the TAD induced a
significant amount of serum TNF-q in male and female mice and a moderate, but not significant,
amount of serum IL-1f in male mice compared to the MD, whereas we did not see differences in
serum IL-10 in male or female mice. Additionally, when measuring IL-6 in male mice, numerous
samples fell below the lowest detectable limit of the assay’s standard curve, thus preventing analysis

or interpretation of these data.

Collectively, Experiments 1 and 2 revealed that the TAD provoked significant TNF-a in
serum and the hippocampus, moderate IL-1p in the periphery, and significant IL-1f in the
hippocampus in male mice. It is well established that peripheral inflammation can induce central
inflammation, either through active transport of cytokines across the BBB, or de novo synthesis of
cytokines in the brain via transduction of the vagus nerve (Dantzer & Kelley, 2007; Steinberg et al.,
2016; Zanos et al., 2018). Although our hypotheses were not fully supported, a preceding study
utilizing a WD with 40% kilocalories from fat reported that a WD did not induce cortical pro-
inflammatory cytokines and chemokines compared to a low-fat control diet in male C57BL/6 mice
(Pistell et al., 2010). However, they observed significant differences in TNF-a, IL-6, MCP-1, and
BDNEF in the cortex of mice on an extremely high-fat diet (60% kcal from fat) compared to a low-fat
control diet (Pistell et al., 2010), indicating that higher SFA content is more pro-inflammatory in the
brain. Interestingly, recent research findings suggest that SFA functions like a TLR4 agonist and
increased consumption of SFA activates the immune system similarly to LPS (Huang et al.,
2012; Lee et al., 2003). Indeed, treatment with a TLR4 inhibitor has been shown to mitigate
inflammation and other harmful effects induced by a high-fat diet in C57BL/6 mice, which

provides (Moser et al., 2018).
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Moreover, the current study is one of the first studies to illustrate that a comprehensive MD
protects male, wildtype mice from LPS-induced gene expression of TNF-a and IL-1f in the
hippocampus compared to a macronutrient-matched TAD. Interestingly, male mice on the MD also
consumed more food and kilocalories than mice on the TAD but did not gain as much weight. Thus,
these data indicate that the food sources of macro and micronutrients contribute to

neuroinflammation, rather than caloric intake alone.

The current findings are also strengthened by a recent study that compared the effects of corn
oil (rich in omega-6) and fish oil (rich in omega-3) supplementation in male C57BL/6 and APP/PS1
mice (Yan et al., 2020). Yan and colleagues (2020) found that corn oil, a common ingredient in the
WD, exacerbated NFkB in the hippocampus, and TNF-a and IL-1p in the cortex of APP/PS1 mice
compared to fish oil supplementation. Likewise, a prior study also reported that a WD engendered
both peripheral and hippocampal inflammation, whereas the supplementation of the plant
polyphenol, luteolin (commonly found in fruits and vegetables), attenuated inflammation following
WD consumption in male C57BL/6 mice (Liu et al., 2014). Further, supplementation of MD
components, like olive oil, has been shown to inhibit LPS-induced inflammation in BALB/c
mice (Bitler et al., 2005; Fuccelli et al., 2018) and C57LBL/6J mice (Illesca et al., 2019; Rincon-

Cervera et al., 2016).

Moreover, the current results provide support for the previously discussed findings, and also
demonstrate that the combined effects of multiple MD components, such as MUFAS and diet derived
fiber, contributed to the reduction of TNF-a and IL-1 in male mice. Indeed, prior studies have
demonstrated that soluble fiber, such as inulin, is anti-inflammatory. The generation of pro-
inflammatory cytokines in the gut can induce cytokine production in the brain via transduction of the

vagus nerve, and therefore, a healthy gut microbiome could protect the brain from
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neuroinflammation (Jena et al., 2018). As fiber is a key aspect of the MD, and has been shown to
promote essential, commensal bacteria, such as Bifidobacterium infantis (B. infantis), it could
potentially be utilized in dietary prevention strategies for AD. Notably, a recent study reported
that supplementation of B. infantis attenuated central TNF-a and IL-6 induced by long-term

consumption of the WD in C57BL/6 mice (Jena et al., 2022).

Although we saw differences in mRNA expression of TNF-a and IL-1p in the hippocampus of
male mice, we did not see differences in female mice. Likewise, prior studies have reported that the
WD induces central inflammation in male C57BL/6 mice, but not in female mice (Graham et al.,
2016; Liu et al., 2014; Pistell et al., 2010). Interestingly, a recent study compared the effects of a
Western fat blend, with corn oil and soybean oil, to a Mediterranean fat blend, and also found that
there was no difference in central TNF-a and IL-1p in a female mouse model of ulcerative colitis
(Wenzel et al., 2022). Preceding evidence indicates that there are phenotypic, sexual dimorphisms
between male and female C57BL/6 mice following WD consumption, such that a WD does induce
behavioral changes, like locomotor activity, in females compared to males (Casimiro et al., 2021).
Additionally, prior studies have reported that female C57BL/6 mice do not develop body adiposity
(Pereira-Silva et al., 2019), obesity, glucose intolerance, or insulin resistance (Casimiro et al., 2021)
following a WD compared to male mice. Based on these findings, we infer that male C57BL/6 mice
are more susceptible to negative effects of the WD compared to female C57BL/6 mice, and thus,
females of this breed may not be a good model for humans. Thus, potential protective mechanisms in

female C57BL/6 mice, such as hormones, should be explored in future research.

Additionally, we hypothesized that the TAD would decrease the expression of BDNF
mRNA in the hippocampus compared to the MD. Indeed, in addition to inducing

neuroinflammation, Western rodent diets have been shown to reduce proteins related to LTP and
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neuronal plasticity, such as acetylcholine, synaptophysin, PSD95, and neurotrophic factors, in
the hippocampal and cortical regions of mice (Jena et al., 2022; Jena et al., 2018; Liu et al., 2014;
Pistell et al., 2010; Tozuka et al., 2010), and rats (Kanoski et al., 2007; Molteni et al., 2002). Our
hypothesis was supported, and there was a significant main effect of diet on BDNF expression in
both male and female mice; however, this effect was largely driven by differences found
between LPS-treated mice. The results revealed that the MD was protective against LPS
treatment in both male and female mice compared to the TAD, and the MD sustained mRNA
expression of BDNF after LPS treatment in male mice, specifically. In addition to BDNF’s crucial
role in synaptic plasticity, it also helps to regulate glucose land metabolic hormones in the brain. The
brain utilizes about 20% of the body’s total glucose, and thus, it is interesting that male mice on the
MD had increased mRNA expression of BDNF in addition to reduced fasting blood glucose levels

compared to male mice on the TAD.

Similarly, prior studies have found that supplementation of MD components, like plant
polyphenols (Liu et al., 2014) or probiotics (Jena et al., 2022), protects mice from high-fat diet
induced BDNF loss in the cortex and hippocampus. These findings are further strengthened by
evidence that closer adherence to the MD is associated with increased serum BDNF in adults
(Sanchez-Villegas et al., 2011). As AD patients have reduced serum levels of BDNF and
increased levels of pro-inflammatory cytokines, (Gezen-Ak et al., 2013), the current results
indicate that a MD could perhaps inhibit BDNF loss during an inflammatory state in comparison
to a TAD. In the future, we could further assess the therapeutic capacity of the MD against BBB
impairment, because damage to the BBB could potentially increase transport of peripheral
cytokines and AP 42 to the brain (Rutkowsky et al., 2018; Wang et al., 2021), and subsequently

reduce BDNF. Specifically, we aim to further explore the underlying cellular mechanisms of
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peripheral AP transport through RAGE and other receptors on the BBB following MD or TAD
consumption, as peripheral activity could be playing a key role in the development of AD

neuropathology in the brain.
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CHAPTER 4: EXPERIMENT 3, THE EFFECTS OF DIET ON DNA METHLYATION

ACROSS MULTIPLE GENERATIONS

1. Introduction

Effects of Perinatal Diet on Behavior and Cognition in Rodent Offspring

Recent evidence suggests that different dietary patterns induce alterations in gene
expression and behavior across multiple generations in rodents. It is imperative for researchers to
further investigate the effects of maternal or perinatal diet during offspring development, as this
is crucial to long-term health later in adulthood. For example, previous experiments have
illustrated that a maternal WD induces cognitive dysfunction and behavioral changes in rodent
offspring (Cordner et al., 2019; Mischke et al., 2013; Tozuka et al., 2010; Tsan et al., 2021;
White et al., 2009). Notably, prior evidence has clearly demonstrated that perinatal exposure to a
WD increases anxiety-like behaviors in rodents (reviewed by Tsan et al., 2021). For example,
preceding studies have shown that a maternal WD administered to dams throughout gestation
and lactation, induces anxiety-like behaviors in rodent offspring that are fed a low-fat, standard
diet post weaning (Bilbo & Tsang, 2010; Glendining et al., 2018; Sasaki et al., 2014; Sasaki et

al., 2013; Winther et al., 2018).

In addition, researchers have also established that perinatal WD exposure induces
cognitive deficits later in life, even after rodents consumed a standard, low-fat diet throughout
adulthood (Cordner et al., 2019; Cordner & Tamashiro, 2015; Lépinay et al., 2015; Page et al.,
2014; Tozuka et al., 2010). Importantly, the current literature has revealed that perinatal
exposure to a WD only impairs particular types of learning and memory, including spatial
learning and episodic memory (Boitard et al., 2014; Lépinay et al., 2015; Page et al., 2014;

Tozuka et al., 2010).
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For example, Tozuka et al. (2010) demonstrated that a Western maternal diet decreased
performance during spatial learning tasks in young C57BL/6 offspring. Similarly, other studies
have found that exposure to a WD throughout development impaired spatial memory (Boitard et
al., 2014; Lépinay et al., 2015; Page et al., 2014) and novel object recognition memory later in
adulthood (Cordner et al., 2019; Moreton et al., 2019). Conversely, other studies have
demonstrated that maternal WD does not affect cognition during other behavioral tests, such as
CFC, in rodent offspring (Peleg-Raibstein et al., 2012; Zieba et al., 2019). Therefore, more
research is needed to examine the effects of perinatal WD or TAD exposure on learning and

memory processes in different behavioral tests.

Although there is limited research addressing potential transgenerational effects of a
complete MD, recent studies have demonstrated that high-fiber maternal diets provide
neuroprotection to offspring following birth and throughout adulthood (Liu et al., 2021; Yu et al.,
2019). Liu et al. (2021) examined the effects of maternal fiber consumption on behavior and
cognition in the offspring of C57BL/6 mice. Researchers administered a standard diet, a high-fat
diet, a fiber-supplemented high-fat diet, or a fiber supplemented standard diet to female C57BL/6
mice for three months prior to pairing, and throughout gestation and lactation (Liu et al., 2021).
Offspring were weaned and placed on a standard, low-fat diet for five weeks prior to behavioral
testing. The results of this study revealed that the maternal high-fiber diet increased novel object
discrimination in comparison to the maternal high-fat diet (Liu et al., 2021). Furthermore, the
maternal high-fat diet decreased hippocampal BDNF expression, while the maternal high-fat
diet, supplemented with fiber, restored BDNF expression in offspring (Liu et al., 2021). These
results suggest that fiber plays an important role in learning and memory processes across

multiple generations.
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Similarly, Yu and colleagues (2019) demonstrated that maternal fiber deficiency induces
anxiety-like behaviors, locomotor activity reduction, and cognitive dysfunction in C57BL/6
offspring. However, when offspring were given a butyrate-supplemented diet post-weaning, this
reversed the negative effects induced by a low-fiber maternal diet (Yu et al., 2019). Additionally,
butyrate supplementation restored spatial memory and increased object exploration time during
the novel object recognition test in offspring (Yu et al., 2019). Collectively, these results reveal
that exposure to fiber-deficient diets, such as a WD throughout gestation and lactation impairs
cognitive and behavioral processes, although butyrate supplementation can provide

neuroprotection during development (Yu et al., 2019).

Effects of Perinatal Diet on Inflammation and AD Biomarkers in Rodent Offspring

In addition to inducing anxiety-like behaviors and cognitive deficits, perinatal exposure
to a WD has also been shown to increase markers of oxidative stress, inflammation, and
activated microglia in rodents (Bilbo & Tsang, 2010; Segovia et al., 2017; White et al., 2009).
Bilbo & Tsang (2010) found that a perinatal WD increased expression of microglial cell markers
of activation, such as CD11b and TLR4, in the hippocampus, and peripheral inflammatory
markers, including IL-1beta and IL-6, later in adulthood. Likewise, White et al. (2009)
demonstrated that perinatal exposure to a high-fat diet significantly increased markers of
oxidative stress and inflammation, in comparison to perinatal exposure to a low-fat diet, in adult

rats.

Prior evidence has also shown that a maternal WD decreases markers of neural plasticity
and induces offspring alterations in hippocampal gene expression, therefore suggesting that
perinatal exposure to a WD makes the brain more susceptible to AD. Tozuka et al. (2010) found

that maternal WD decreased BDNF expression in the hippocampus of young C57BL/6 mice.
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Additionally, Cordner et al. (2019) found that a maternal WD induced changes in hippocampal
gene expression, such that offspring had decreased expression of insulin, leptin, and glucose
transporter 1 receptors in the hippocampus. These data suggest that a WD alters proper
regulation and production of insulin, leptin, and glucose, and therefore promotes higher risk of

developing diseases such as diabetes mellitus type Il and AD (Cordner et al., 2019)

There is limited research on the transgenerational effects of the MD, or MD components,
on inflammation and AD pathologies. However, a recent study found that maternal choline
supplementation provides protection against AD pathologies in two generations of a transgenic
mouse model of AD (Velazquez et al., 2020). Choline is a precursor for acetylcholine
production, and as previously discussed, acetylcholine deficiency is interconnected with AD
pathologies. Additionally, choline is an important element of the MD, and it is typically found in
leafy greens, fish, peanuts, eggs, beans, yogurt, and other dairy products. In this study, dams
were administered a choline supplemented diet (5.0g/kg of choline chloride) or a choline control
diet (1.0g/kg of choline chloride) for 2.5 months prior to breeding, and throughout gestation and
lactation (Velazquez et al., 2020). Following weaning, the first generation (F1) offspring were
placed on a standard rodent diet throughout adulthood, and a subset of F1 animals were bred to
produce a second generation of animals (F2). The results of this study revealed that maternal
choline supplementation attenuated amyloid beta, microglial cell activation, and spatial memory
impairment in Morris Water Maze, in both generations of mice (Velazquez et al. 2020). Also,
Velazquez et al. (2020) conducted RNA sequencing to examine gene expression in the
hippocampal tissue of F1 mice. In addition to providing neuroprotection, maternal choline
supplementation changed the expression of 27 genes, many of which were related to immune

system processes, in F1 mice (Velazquez et al., 2020). Thus, this study supports the hypothesis
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that diet engenders transgenerational changes in mice, and, therefore, that maternal diet could
potentially protect offspring from chronic inflammatory diseases, like AD, later in adulthood

(Velazquez et al., 2020).

Marchlewicz et al. (2022) studied the effects of a maternal WD versus a maternal MD on
body weight, hepatic steatosis, organ weight, and peripheral hormone levels in mouse offspring.
The WD was high in SFA and deficient in insoluble fiber, in comparison to the MD that was
high in MUFAS and insoluble fiber (Marchlewicz et al., 2022). Dams were placed on one of the
two experimental diets for two weeks prior to breeding, and throughout gestation and lactation
(Marchlewicz et al., 2022). The results of this study revealed that gestational exposure to the
experimental diets did not significantly affect body weight in offspring. Additionally, the MD
did not affect body weight, organ weight, or hormone levels (Marchlewicz et al., 2022).
However, there were several limitations in this study, for example, the experimental diets did not
provide the same amount of energy, and the MD did not provide adequate amounts of soluble
fiber. Additionally, dams only consumed the experimental diets two weeks prior to breeding
(Marchlewicz et al., 2022). Therefore, future studies need to examine the effects of long-term
MD consumption in dams, as short-term feeding may not engender significant changes prior to
gestation (Marchlewicz et al., 2022). Additionally, future studies are needed to explore the
effects of typical American and Mediterranean diets that more closely resemble real human
dietary patterns in animals (vs. exaggerated versions), as diet could be utilized as a potential

strategy to prevent or slow down the progression of AD.

Epigenetic Effects of Diet on Inflammation and AD Biomarkers
Epigenetics is the study of phenotypic changes that involve altered gene expression by

modifications to the genome without affecting the gene’s sequence, yet most often lead to
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alterations in gene expression. Heritable changes in cellular and physiological phenotypic traits
can also be categorized as epigenetic and may be induced as a result of environmental factors.
Several different changes to the genome can affect gene expression and function, including DNA
methylation and histone modifications. For example, prior research has demonstrated that DNA
methylation occurs in genes related to inflammation and cognition, suggesting that epigenetics
may play a role in the development of neurodegenerative diseases, such as AD (Conole et al.,
2021). Specifically, DNA methyltransferases (DNMT) are proteins that play a key role in DNA
methylation (Athanasopoulos et al., 2016), and prior research in human subjects has shown that a
polymorphisms in the gene DNMT3B leads to altered DNA methylation activity and is
associated with AD (Pezzi et al., 2014). These types of changes can last through multiple cell
divisions and throughout the life of the cell. Further, these changes can be passed on to multiple
generations, often termed transgenerational epigenetic inheritance. Hence, future research could
further explore potential AD interventions strategies that target the epigenome, as this could

possibly provide AD protection to multiple generations.

Several environmental factors, such as diet, may contribute to epigenetic modifications in
genes associated with inflammation and AD. For example, several Mediterranean dietary factors,
such as omega-3 fatty acids, resveratrol, and oleuropein (a plant polyphenol found in olive oil),
have been shown to induce DNA methylation or histone modifications (reviewed in
Athanasopoulos et al., 2016). As previously discussed, prior research has demonstrated that
perinatal WD exposure induces changes in gene expression, specifically in genes related to
oxidative stress, inflammation, and microglial cell activation (Bilbo & Tsang, 2010; Segovia et
al., 2017; White et al., 2009). Additionally, other researchers have discovered that perinatal WD
exposure alters BDNF gene expression (Tozuka et al., 2010), and the expression of genes related
to insulin, leptin, and glucose regulation (Cordner et al., 2019). Thus, this previous work

suggests that a perinatal engenders epigenetic modifications, although this hypothesis is not
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confirmed, because epigenetic alterations were not measured in these studies (Bilbo & Tsang,

2010; Cordner et al., 2019; Segovia et al., 2017; Tozuka et al., 2010; White et al., 2009).

As previously discussed, Velazquez et al. (2020) explored the effects of choline
supplementation across multiple generations of a transgenic mouse model of AD. The F1
offspring were only exposed to perinatal choline supplementation, and the F2 offspring were
never exposed to choline supplementation (Velazquez et al., 2020). Notably, the F1 offspring
displayed changes in inflammatory gene expression, and gene expression was not measured in
the F2 offspring (Velazquez et al., 2020). However, the F2 offspring did have a reduction of
amyloid beta plaques in the hippocampal region, suggesting that choline supplementation
induced epigenetic effects in F1 offspring, which was thus inherited by F2 offspring. However,
this hypothesis was not confirmed by DNA methylation analysis. Therefore, future research is
needed to examine the heritability of epigenetic effects of choline supplementation across
multiple generations, to confirm that maternal choline supplementation induces epigenetic
changes in germ cells, prior to pregnancy, that is then inherited by offspring.

Furthermore, other studies have found that dietary compounds added to in vitro cultures
(Flores-Sierra et al., 2016; Zhao et al., 2018) and dietary changes in vivo (Dudley et al., 2011;
Gali Ramamoorthy et al., 2018) induce epigenetic effects via DNA methylation or histone
acetylation. For example, Zhao and colleagues (2018) examined the epigenetic effects of
sulforaphane, a compound found in cruciferous vegetables that is abundantly present in the MD.
The results of this study revealed that in vitro sulforaphane treatment increased Nrf2 expression
by attenuating DNA methylation in the Nrf2 gene’s promoter region. Nrf2 is a transcription
factor that is responsible for activating important antioxidant responses and protecting the cell
from oxidative stress (Zhao et al., 2018). Therefore, sulforaphane treatment could be used as a

potential treatment for oxidative stress. Additionally, other in vitro studies have demonstrated

that oleic acid and resveratrol, two key plant polyphenols in the MD, induce epigenetic changes
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via DNA methylation and histone protein modifications (Grifian-Ferré et al., 2021; Silva-
Martinez et al., 2016; Stefanska et al., 2010). Further evidence has also illustrated that low
adherence to the MD throughout pregnancy induces DNA methylation in mother’s infants
(Gonzalez-Nahm et al., 2017). Collectively, the previously discussed studies demonstrate that

several components of the MD induce epigenetic changes.

Finally, in vivo studies have also revealed that perinatal exposure to high-fat diets induce
epigenetic changes via DNA methylation in rodents (Dudley et al., 2011; Gali Ramamoorthy et
al., 2018). For example, Gali-Ramamoorthy and colleagues (2018) demonstrated that a maternal
high-fat diet induced hypermethylation in the enhancer and promoter regions of the
hypothalamic POMc gene, which is related to energy balance and leptin regulation. Therefore,
perinatal high-fat diet exposure may alter genes related to energy, hunger, and satiety signals
(Gali-Ramamoorthy et al., 2018). Overall, nutrition is a key contributor to epigenetic changes
that could contribute to disease pathology in old age, although there is, once again, limited
research on the epigenetic effects of the whole MD, and more research is needed to contribute to

this literature.

Hypotheses

We hypothesized that both diets (MD or TAD) would induce epigenetic changes via
DNA methylation in the parent generation (G1) and their offspring (F1). We hypothesized that
the TAD would increase the expression of genes related to inflammation and oxidative stress,
whereas the MD would induce DNA methylation in the promoter regions of these genes to

silence them, or potentially upregulate DNA methylation to counteract the effects of genes.
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2. Materials and Methodology for Experiment 3

A subset of male and female mice from study one was paired between three and four
months of age for breeding purposes. Females on the MD were paired with males on the MD,
and females on the TAD were paired with males on the TAD. All breeders continued to consume
their assigned experimental diets throughout breeding, gestation, and lactation, until nine months
of age. Following perinatal diet exposure, all offspring (F1) were weaned onto a standard, low-
fat rodent diet (LFD) (Prolab RMH 1800-5LL2; LabDiet, St. Louis, MO), at postnatal day 21.

See table 3 for LFD formula and key ingredients and Figure 24 for experimental timeline.

LFD Formula

kcal% Key Ingredients
Protein 21.114 Fish meal, dried whey, porcine meat and bone meal, L-lysine
Carbs 65.128 Ground corn, wheat middling, soybean meal
Fat (Total) 13.758 Porcine animal fat, soybean oil
SFA 33
MUFA 3.99
PUFA 2.89
Ratio n-6/n-3 7.22:1
Insoluble Fiber 12.1
Soluble Fiber 1.53

Table 3. Standard, Low-Fat Rodent Diet Formula and Key Ingredients.
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Figure 24. Experimental Timeline for Experiment 3.

Fecal Sample Collections

F1 fecal samples were collected at two different timepoints: at weaning (PND21), and two
months and 21 days of age. Subsequently, samples were stored at -80 degrees Celsius. Microbiome
analyses were conducted by our collaborators in the Allen Lab (University of North Texas, Health
Science Center).

Tissue and Serum Collection

Tissue and serum were collected from both the parental generation (G1) and their
offspring (F1) following approximately eight months of MD or TAD administration, or three
months of LFD administration, respectively. First, the hippocampus was collected and genomic
DNA was isolated from the hippocampus using the DNeasy Blood and Tissue kit (Qiagen,

Germantown, MD,) and stored at —80° C for later analysis. Second, the cortex was collected and
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placed in RNA later for future gene expression analysis. Experimenters also collected serum,
liver, spleen, and white adipose tissue.
DNA Methylation

Complete DNA sample sets were transported to the University of Texas Southwestern
Medical Center Microarray Core Facility (Dallas, TX). Experimenters utilized the Infinium
Mouse Methylation Beadchip (Illumina, San Diego, California), and measured DNA methylation
at over 285,000 different loci sites across the mouse genome. We examined two different types
of methylation patterns within the dataset: (1) differentially methylated loci (DML), indicating
that DNA methylation occurred in one, individual locus (one base pair at the exact location of
the gene of interest on the chromosome), and (2) differentially methylated regions (DMR),
indicating that methylation occurred at multiple locus sites within the genome. This latter method
has been utilized to measure epigenetic changes in the post-mortem brains of AD patients, as the
discovery of DMLs and DMRs associated with AD can help researchers better understand the

neuropathology of AD (Li et al., 2020).

Statistical Analysis

The mouse methylome data was analyzed by Dr. Matthew Hale (TCU, Biology) and his
graduate student, Bridey Brown, in R version 4.3.1 with the R-package Sensible Step-wise
Analysis of DNA Methylation BeadChips (SeS4AMe) version 1.18.4. Default data preprocessing
codes were used to perform non-linear dye-bias correction, p-value detection, and noob
background correction. The Benjamini—Hochberg correction was utilized to decrease potential,

false discovery rates.
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Results

The current experiment examined the effects of life-long diet (MD or TAD) in the

parental generation (G1 male and female mice), and perinatal diet exposure (MD or TAD) in the

offspring (F1 male and female mice) on DNA methylation across the mouse epigenome. The

DNA samples have already been processed, and the mouse epigenome is currently being

investigated. Due to the large size of this data set, we are still in the initial stages of statistical

analysis. However, we have discovered some trends in the parental generation data so far, and

these results are reported in Table 4.

Gene Gene Description Methylation Results References
Pattern

Adgrb2 Thought to regulate g- DMR Hypomethylation | (4dgrb?2
protein coupled receptor in G1 Mice on adhesion G
activity and MD protein-
synaptogenesis coupled

receptor B2 [
Mus musculus
(house mouse)
7, 2023)

Azi2 Plays a role in NFxB DML Hypermethylation | (4zi2 5-
signaling, cytokine in G1 Mice on azacytidine
production (TNF-a, MD induced gene
type Il interferon, IL-6), 2 [ Mus
T cell activation, and musculus
dendritic cell generation. (house mouse)

7, 2023)

Camk2g Helps to regulate neuron | DMR Hypomethylation | (Camk2g
projection development in G1 Mice on calcium/calm
and cardiac muscle MD odulin-
relaxation. dependent

protein kinase
1l gamma [
Mus musculus
(house mouse)
/], 2023)
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Celf2 Plays a role in RNA DMR Hypomethylation | (Celf2
(also binding and mRNA in G1 Mice on CUGBP,
known as splicing. MD Elav-like
CUGBP2) family
member 2 [
Mus musculus
(house mouse)
/,2023)
E215 Transcription factor DMR Hypomethylation | (E2F
Promotes DNA-binding. in G1 Mice on transcription
Contributes to normal MD factor 5 [ Mus
development during musculus
morphogenesis. (house mouse)
Largely expressed in the /,2023)
choroid plexus and
utilized to study
hydrocephalus.
Contributes to the
development of the male
reproductive tract.
Fam83b Thought to potentially DMR Hypomethylation | (family with
play a role in cell in G1 Mice on sequence
proliferation. MD similarity 83,
Potentially thought to member B [
provoke binding of Mus musculus
epidermal growth factor. (house mouse)
/,2023)
Foxal Facilitates chromatin DMR Hypomethylation | (forkhead box
binding and remodeling. in G1 Mice on Al [ Mus
It has been shown to MD musculus
regulate glucocorticoid (house mouse)
via chromatin opening /,2023)
(Belikov et
al., 2009)
Grin3a Facilitates NMDA DMR Hypomethylation | (Grin3a
receptor activity in G1 Mice on glutamate
Involved in calcium MD receptor
channel and transmitter- ionotropic,
gated ion channel NMDA3A [

activities

Facilitates postsynaptic
membrane potential and
synaptic vesicle
exocytosis

Mus musculus
(house mouse)
7,2023)
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Lrplb Lrplb is in the LDL DML Hypermethylation | (Lrplb low
receptor family in G1 Mice on density
Primarily expression in MD lipoprotein-
the brain in mice related
Involved in cholesterol protein IB [
and lipid transport Mus musculus
Regulates efflux (house mouse)
transport of AP from the /,2023)
brain

(Li et al.,
2005)

Lrrc49 Found in the cytoplasm | DML Hypermethylation | (Lrrc49
and thought to facilitate in G1 Mice on leucine rich
in dynein arm structure MD repeat
in the cytoplasm containing 49

[ Mus
musculus
(house mouse)
7,2023)

Nobl Thought to regulate DMR Hypomethylation | (
endoribonuclease in G1 Mice on NINI/RPNI2
activity MD binding
Expressed in the retina protein 1
and involved in visual homolog [
perception Mus musculus

(house mouse)
/,2023)

Stard3 Thought to engender DML Hypermethylation | (Stard3 StAR
cholesterol binding in G1 Mice on related lipid
Expressed in the CNS MD transfer
and PNS domain
Has been shown to help containing 3 [
combat oxidative stress Mus musculus
and inflammation (house mouse)
induced by LDL in vitro 7,2023)

(Almarhoun
etal., 2021)

Txnrd3 Facilitates DML Hypermethylation | (Txnrd3

oxidoreductase activity in G1 Mice on thioredoxin

Involved in several
processes including
redox homeostasis, cell
differentiation and
sperm development

MD

reductase 3 [
Mus musculus

(house mouse)
7,2023)
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Zfp454 * Potentially involved in DMR Hypomethylation | (Zfp454 zinc
transcription regulation in G1 Mice on finger protein
(RNA polymerase MD 454 [ Mus
specific) musculus
(house mouse)
/,2023)

Table 4. DNA methylation trends in male and female mice from the parental generation.
Following life-long diet consumption, from PND21 to approximately 9 months of age, G1 mice
were euthanized, and DNA was immediately isolated from the hippocampus of each mouse.
Experimenters utilized the Infinium Mouse Methylation Beadchip (Illumina, San Diego,
California) and measured DNA methylation at over 285,000 different locus sites across the
mouse genome. Note that hypermethylation in the promoter region likely leads to decreased
transcription of the gene, whereas hypomethylation in the promoter region likely leads to
increased gene transcription. Differential gene expression will be measured and confirmed in
future experiments via qRT-PCR. *Abbreviations: DML = differentially methylated locus, DMR

= differentially methylated region.

Discussion

The current trends in the dataset revealed that several genes were significantly
hypomethylated or hypermethylated following life-long consumption of the MD, compared to
the TAD, in both male and female C57BL/6J mice in the parent generation (G1). First, we
discovered that several genes involved in the inflammatory response were hypermethylated in
mice on the MD, including Azi2, Stard3 and Celf2, indicating that there was potential decreased
transcription of these genes in the promoter region. Interestingly, Azi2 plays a role in in NFkB
signaling and pro-inflammatory cytokine production, like TNF-a (4zi2 5-azacytidine induced
gene 2 [ Mus musculus (house mouse) |, 2023). Based on our findings in Experiments 2 and 3,

we hypothesize that mRNA expression of TNF-a in the hippocampus was potentially decreased
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due to hypermethylation of Azi2, although this hypothesis will need to be confirmed via qRT-
PCR. Additionally, prior evidence suggests that Celf2 (also known as CUGBP2) plays a role in
the anti-inflammatory response. For example, the impairment of Celf2 (via CELF2-pLX-sgRNA
viruses) has been shown to hinder IL-10’s ability to reduce TNF-a expression in raw 246.7
macrophages (Yoon et al., 2020). The current data revealed that the MD induced methylation
around the Celf2 gene, however, we do not know if this enhancing or suppressing Celf2 gene

transcription, and thus, we will need to confirm this via qRT-PCR.

Also related to our previous findings, the current data revealed that there was increased
hypermethylation of LRP-1b, an LDL receptor involved in cholesterol and lipid transport, in
mice on the MD. LRP is a receptor that is commonly found on endothelial cells that help make
up the BBB. LRP-1b is a part of the LRP family, and it is one of several members that share
similar functions. For example, LRP family members have been shown to regulate the efflux of
AP away from the brain (Li et al., 2005). Based on our previous findings in experiment one, in
which we found that the TAD increased soluble A1-42, it makes sense that we are seeing
significant differences in methylation patterns of LRP-1b between mice on the MD and TAD. In
the future, we will measure gene expression of LRP-1b via qRT-PCR to understand if

hypermethylation increased or decreased LRP-1 gene expression following the MD.

Interestingly, two Mediterranean dietary factors have been shown to increase LRP-1 in
C57BL/6 mice and transgenic mouse models of AD, including components in olive oil (Abuznait
et al., 2013) and fish oil (Yan et al., 2020). For example, Abuznait et al. (2013) demonstrated that
a plant polyphenol found in olive oil, oleocanthal, increased LRP1 expression in cultured, mouse
endothelial cells in vitro, and increased APi-40 clearance in the brains of C57BL/6 mice

(Abuznait et al., 2013). Based on these previous findings, we hypothesize that differential
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hypermethylation of LRP-1b occurred in the coding region, thus increasing LRP-1b gene
expression and clearance of potential APi-42 in the hippocampi of mice on the MD, compared to
the TAD. Further, we hypothesize that LRP-1b expression was potentially decreased in mice on
the TAD because there were higher levels of soluble AP1-42 in the cortex and hippocampus of

male mice on the TAD.

We also discovered that the MD induced significant differential methylation patterns in
genes that play a role in synaptogenesis (Adgrb2 adhesion G protein-coupled receptor B2 [ Mus
musculus (house mouse) |, 2023), neuron projection development (Camk2g calcium/calmodulin-
dependent protein kinase Il gamma [ Mus musculus (house mouse) |, 2023), cell proliferation
(family with sequence similarity 83, member B [ Mus musculus (house mouse) |, 2023),
morphogenesis and CSF regulation in the choroid plexus (E2F transcription factor 5 [ Mus
musculus (house mouse) |, 2023; Lindeman et al., 1998), NMDA receptor activity, calcium
channel and transmitter-gated ion channel activities, postsynaptic membrane potential, and
synaptic vesicle exocytosis (Grin3a glutamate receptor ionotropic, NMDA3A [ Mus musculus
(house mouse) |, 2023). Based on the functions of these genes, it makes sense that we have
discovered trends in DNA methylation in genes involved in the neural mechanisms of learning
and memory, such as NDMA activity facilitated by Grin3a. However, these trends will require
further analysis and confirmation via qRT-PCR to understand how methylation patterns affected

gene expression.

129



CHAPTER 5: GENERAL CONCLUSION

AD prevalence is projected to increase by over 130% in the U.S. by the year 2060 ("2023
Alzheimer's disease facts and figures," 2023). In addition to the physiological and psychological
burden that AD patients and their family members experience, this substantial rise in AD cases
has also been exceptionally monetarily expensive. In 2021 alone, the cost of healthcare for AD
patients exceeded 355 billion dollars ("2021 Alzheimer's disease facts and figures," 2021).
Indeed, researchers estimate that annual AD healthcare will cost Americans over one trillion

dollars by the year 2050 ("2021 Alzheimer's disease facts and figures," 2021).

Right now, preventative healthcare is absolutely urgent and crucial. As previously stated,
the Lancet commission reported that approximately 40% of all dementia cases could potentially
be delayed or prevented by reducing modifiable risk factors, like mid-life obesity (Livingston et
al., 2020). Therefore, it is unquestionably pressing for researchers to investigate preventative
strategies, like the implementation of healthy dietary patterns, to target risk factors and hinder the
predicted, consequential rise of AD cases in the U.S. The Western dietary pattern, consumed by
most Americans, has been associated with an increased risk of obesity and AD development
(Baranowski, Hayward, et al., 2018; Morris & Tangney, 2014; Whitmer et al., 2007), whereas, the
MD has been associated with decreased obesity (Poulimeneas et al., 2020; Sdnchez-Villegas et
al., 2006; Schroder et al., 2004), AD risk (Gu et al., 2010), and global AD pathologies (Agarwal
et al., 2023). Hence, the current experiments aimed to contribute to this research cause by
investigating the potential, protective effects of a comprehensive MD compared to a

macronutrient-matched TAD on AD biomarkers in C57BL/6 mice.

In Experiments 1 through 3, we aimed to address several limitations in the current

scientific literature. First, we designed one of the first comprehensive Mediterranean rodent diets
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that mimicked the typical MD, to study AD susceptibility in wildtype mice. Rather than examine
one or two key components of the MD, like fatty acids or fiber, we wanted to explore how the
synergy of numerous MD factors play a role in disease prevention. Second, we created a rodent
diet that was more representative of the TAD, rather than a WD with extremely high,
exaggerated fat or sugar content. Similarly, Graham and colleagues (2016) were the first to
design a Western rodent diet that was more representative of the average American diet, and
Shively and colleagues were the first research team to create two, macronutrient-matched
Mediterranean and Western diets for non-human primates (C. A. Shively et al., 2020; Shively et
al., 2019; Carol A. Shively et al., 2020). Like Shively and colleagues, we also designed two
macronutrient-matched diets to control for caloric availability, unlike most studies that have

typically compared high-fat WDs to low-fat control diets in rodents.

Collectively, the results of Experiment 1 revealed that the MD protected male mice from
(1) significant weight gain, (2) excess fat deposition in the abdomen and liver, (3) serum TNF-a.,
(4) soluble ABi-4>in the cortex and hippocampus, (5) anxiety-like behavior, and (6) spatial
memory impairment compared to the TAD. Additionally, the MD protected female mice from
(1) excess fat deposition in the liver, (2) serum TNF-a., (3) and soluble ABi-42 in the cortex
compared to the TAD. In contrast to the differences observed in male mice, there were no
differences in food consumption, body weight, organ weight, hippocampal ABi1-42, exploratory
and anxiety-like behavior, or spatial memory between females on the MD and TAD. Moreover,
male mice on the MD consumed more kilocalories, despite having a lower body weight, and

exhibited increased exploratory and locomotor activity compared to male mice on the TAD.

Importantly, the results of the current study fill an important gap in the current literature

and indicate that a comprehensive MD prevents soluble ABi-42 in both the cortex and
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hippocampus, and spatial memory impairment in the OLM task, compared to a macronutrient-
matched TAD in male mice. Taken together, these data suggest that the implementation of the
MD early in life, along with long-term adherence to the MD throughout adulthood, prevents AD
biomarkers and spatial memory impairment, compared to the TAD in male C57BL/6 mice. As
we did not utilize a transgenic mouse model of AD in the current set of experiments, this
suggests that long-term consumption of a TAD could potentially increase risk of AD and
cognitive dysfunction without genetic predisposition. Over 94% of all AD cases are sporadic
(SAD), and, thus, these results provide more support for the hypothesis that Western-style diets
like the average American diet, could potentially be a causal trigger in the development of SAD

later in life.

Further, the results of Experiment 2 demonstrated that long-term consumption of the MD
protected male mice from LPS-induced gene expression of TNF-a and IL-1f in the hippocampus
compared to the TAD. However, there were no differences in BACE1 or IL-10 gene expression in
male mice. Additionally, the results revealed that the MD sustained BDNF levels in the hippocampus
of male mice following LPS treatment, compared to the TAD. These findings contribute to previous
research that also demonstrated the harmful effects of LPS treatment or WD consumption on BDNF
in rodents. Interestingly, within saline-treated females, the TAD increased BDNF expression
compared to the MD, whereas within LPS-treated females, the MD increased BDNF expression
compared to the TAD. These data indicate that the MD provides protective benefits against BDNF
loss following an inflammatory trigger. Further, although we did not see differences in BACE1 gene
expression in males, we found that females on the MD had reduced BACE1 gene expression

compared to females on the TAD.
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For Experiment 3, sample processing and data analysis are still in progress. We sent fecal
samples collected from G1 and F1 mice to our collaborators in the Allen Lab (University of North
Texas, Health Science Center), to measure microbial diversity across multiple generations, and we
aim to analyze and publish these data by next year. Additionally, we measured DNA methylation
across multiple generations utilizing a microarray analysis that examines methylation at over
285,000 different loci across the mouse genome. We are currently analyzing these data and plan
to report our findings next year.

Limitations and Future Directions

There were limitations in the current experiments that should be addressed in future
research. First, we aimed to design two novel, experimental rodent diets that mimicked human
diets in pellet form. We could not include every aspect of the MD or TAD in pellet form.
Obviously whole fruits, vegetables, seafood, red wine, and other key components of the MD
were not included in our diet formulation, although we tried to represent them as best as possible.
For example, although we did not provide the mice with whole fruits and vegetables, we
provided them with complex carbohydrates from brown rice, and dietary fiber from inulin,

psyllium, and cellulose to mimic nutrients that would be attained from fruits and vegetables.

In the future, it would be important to incorporate fruits and vegetables in a comprehensive
Mediterranean diet, similar to a formulation created by Shively and colleagues for non-human
primates (Frye et al., 2021; Johnson et al., 2022; Johnson et al., 2021; Latimer et al., 2019; C. A.
Shively et al., 2020; Shively et al., 2019; Carol A. Shively et al., 2020). Interestingly, Shivley,
Frye, and Johnston designed two, macronutrient-matched MD and WDs for non-human primates,
and their experimental diet formulations were very similar to those used in the current study.

However, in the MD formula, they added walnut powder, black and garbanzo beans, and banana
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and apple sauce, and these ingredients would have strengthened the MD formula utilized in the
current study. In the future, we could potentially add plant polyphenols to the MD to better
mimic the human MD. For example, Piazzi and colleagues (2019) created a phytochemical blend
from numerous sources, such as apples and walnuts, to mimic the diverse polyphenol intake of
people in Mediterranean regions. However, the experimenters supplemented a WD or low-fat
control diet with the plant polyphenol blend and did not aim to examine the effects of
phytochemicals in a comprehensive Mediterranean rodent diet. It would be interesting to
investigate the effects of the comprehensive Mediterranean rodent diet utilized in the current
study, supplemented with a plant polyphenol blend created by Piazzi’s research team (Piazzi et

al., 2019).

Another limitation of the current study is that we utilized female C57BL/6 mice to study
the effects of the WD, and prior research has shown that female C57BL/6 mice are protected
from WD-induced obesity, insulin resistance, and behavioral changes compared to males
(Casimiro et al., 2021). It is important to note that female C57BL/6 mice do not experience
estrogen loss at mid-life like humans, and thus, this mouse strain might not be the best
representative model for females (Nelson et al., 1981). Estrogen is crucial for learning and
memory processes, and it is well established that estrogen increases neurogenesis, LTP (Cordoba
Montoya & Carrer, 1997; Daniel et al., 1997; Foy et al., 1999), and dendritic spine density

(Gould et al., 1990; Woolley et al., 1990) in female rodents.

Accordingly, a future direction of the current study is to examine the effects of the MD
versus the TAD in female C57BL/6 mice following chemically induced menopause via 4-
vinylcyclohexene diepoxide (VCD). Our laboratory will investigate the effects of the chemical,

VCD, which is a commonly used and verified model for menopause in rodents (Brooks et al.,
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2016). We hypothesize that estrogen played a neuroprotective in female C57BL/6 mice in the
current study, and thus, we infer that combined treatment of VCD and the WD will promote A3
and neuroinflammation compared to the MD. Prior studies in female APOE4 knock-in mice
demonstrated that combined WD and VCD treatment increased cognitive deficits, and reduced
BDNF and DHA in the brain, whereas fish oil supplementation protected mice from the
combined effects of WD and estrogen loss via VCD (Pontifex et al., 2022; Pontifex et al., 2021).
Interestingly, the proposed, future study will allow our laboratory to further explore phenotypic
and biological sexual dimorphisms in C57BL/6 mice following dietary manipulations (Casimiro
etal., 2021). As AD largely affects more women than men, our laboratory posits that exploring
the combined effects of diet and menopause on AD neuropathology is a crucial next step for this

research project.

Experiments 1 through 3 collectively revealed that the TAD induced AD risk factors,
including elevated body weight and fatty liver, in male mice. Increased adiposity was strongly
correlated with elevated serum TNF-a and cortical AP 42, suggesting that the TAD provoked
AD biomarkers compared to the MD. Our hypothesis posits that liver damage may impair
peripheral ABi-4> clearance, potentially enhancing A1-4> transport across the BBB through
receptors like RAGE. This process may contribute to peripheral and central inflammation.
Supporting this hypothesis, long-term MD consumption induced DNA methylation of the LRP-
1b gene, which is pivotal in AB1-42 clearance in the brain. The observed relationship between the
gut microbiome, liver, and brain in a pathogenic state (Figure 25) underscores our hypothesis
that the MD shields against AD neuropathology by preventing adiposity and fatty liver.
Simultaneously, we hypothesize that the MD increased LRP-1b gene expression and facilitated

ABi-4> clearance. Our future experiments aim to delve deeper into these relationships and their
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potential contributions to AD neuropathology. These findings carry significance, as they
highlight modifiable risk factors that are correlated with increased AD-related markers in a
sporadic AD (SAD) model. Given that SAD represents over 94% of total AD cases, our results
strengthen existing evidence linking adiposity and fatty liver with SAD susceptibility, and

provide more insight on the protective capacity of the MD against AD risk factors.
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Appendix

Ingredients (grams) Mediterranean Diet Typical American Diet
Protein Sources

Casein 0 165.5
Soy Protein 47 0
Fish Protein 47 0
Egg White 47 0
DL-methionine 1.9 0.3
L-Cystine 3 3
Carbohydrate Sources

Corn Starch 0 370.5
Brown Rice Flour 205 0
Wheat Starch 205 0
Maltodextrin 10 125 125
Dextrose 0 0
Fiber Sources

Cellulose, BW200 (insoluble) 50 50
Psyllium (soluble) 50 0
Inulin (soluble) 50 0
Fat Sources

Soybean Oil 0 0
Corn Oil 0 0
Safflower Oil 0 12
Beef Fat, Bunge 3 106.3
Butter, Anhydrous 16 34
Flaxseed Oil 7 0
Menhaden Oil, ARBP-F 10 0
Olive Oil 107 0
Other Micronutrients

Mineral Mix S10026 10 10
DiCalcium Phosphate 13 13
Calcium Carbonate 5.5 5.5
Potassium Citrate, 1 H20 16.5 16.5
Vitamin Mix V10001 10 10
Biotin (1%) 0.1 0
Choline Chloride 3 1.07
Total 1032.0000 gms 922.672 gms

Table S. Experimental Diet Ingredients.




Macronutrients

Mediterranean Diet

Typical American Diet

Macronutrients (grams)

Protein (gms) 147.2 147.3
Carbohydrate (gms) 495.3 495.5
Fat (gms) 153.2 153.1
Total Fiber (gms) 153.7 50.0
Insoluble Fiber (gms) 85.4 50.0
Soluble Fiber (gms) 59.4 0.0
Macronutrients g%

Protein 14.3 16.0
Carbohydrate 48.0 53.7
Fat 14.8 16.6
Total Fiber 14.9 5.4
Insoluble Fiber 8.3 5.4
Soluble Fiber 5.8 0.0
Macronutrients kcal

Protein 589 589
Carbohydrate 1981 1982
Fat 1379 1378
Total kcal 3949 3949
Macronutrients kcal%

Protein 15 15
Carbohydrate 50 50
Fat 35 35
Fats (grams)

Saturated Fatty Acids 29.5 74.4
Monounsaturated Fatty Acids 86.2 54.0
Polyunsaturated Fatty Acids 24.4 14.1
n-6 15.9 13.4
n-3 8.0 0.9
n-6/n-3 Ratio 2.0 15.6
Fats kcal%

Saturated Fatty Acids 6.7 17.0
Monounsaturated Fatty Acids 19.6 12.3
Polyunsaturated Fatty Acids 5.6 3.2

Table 6. Experimental Diet Macronutrients.
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Micronutrients Mediterranean Diet Typical American Diet
Other ingredients

tBHQ, mg 2.00 2.00
Added Choline, g 2.25 0.80
Amino Acids, g/kg

Histidine 3.0 4.1
Isoleucine 6.4 6.6
Leucine 10.1 14.0
Lysine 8.7 11.7
Methionine 4.8 4.8
Phenylalanine 6.0 7.5
Threonine 5.6 6.5
Tryptophan 1.5 1.8
Valine 6.6 8.3
Cystine 4.8 4.3
Tyrosine 4.5 8.1

Table 7. Experimental Diet Micronutrients.
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Ingredients Providing Fat (grams) Mediterranean Diet Typical American Diet
Beef Fat, Bunge 3 106.3
Corn Oil

Butter, Anhydrous 16 34
Lard

Flaxseed Oil 7

Menhaden Oil, ARBP-F 10

Olive Oil 107

Safflower Oil 12
Soybean Oil

Total 143 152.3
Fatty Acid Profile Mediterranean Diet Typical American Diet
C2, Acetic 0.0 0.0
C4, Butyric 0.5 1.1
C6, Caproic 0.3 0.6
C8, Caprylic 0.2 0.4
C10, Capric 0.4 0.9
C12, Lauric 04 1.0
C14, Myristic 2.4 6.6
C-14:1, Tetradecanoic, Trans 0.1 0.4
C14:1, Myristoleic, n-9 0.3 1.1
C15 0.1 0.5
C16, Palmitic 19.0 34.8
C-16:1, Hexadecenoic, Trans 0.1 0.6
C16:1, Palmitoleic, n-9 2.7 3.8
C16:2,n-4 0.2 0.0
C16:3, n-9 0.2 0.0
C16:4,n-4 0.2 0.0
C17 0.1 1.5
C17:1 0.0 0.8
C18, Stearic 5.5 26.1
C18:1, Oleic, n-9 82.7 48.1
C18:1, Elaidic, Trans 0.5 6.8
C18:1, n-7, Vaccenic 0.0 0.0
C18:2, Linoleic 15.7 13.3
C18:2, Octadecadienoic, Trans 0.1 0.8
C18:3, Linolenic 4.9 0.7
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C18:3,n-6 0.0 0.0
C18:3, Trans 0.0 0.1
C18:4, Stearidonic 0.3 0.0
C19, Nonadecanoic 0.0 0.0
C20, Arachidic 0.6 0.5
C20:1 0.4 0.2
C20:2 0.0 0.1
C20:3, n-6 0.0 0.1
C20:3, n-3 0.0 0.0
C20:4, Arachidonic, n-6 0.2 0.0
C20:4, n-3 0.0 0.0
C20:5, Eicosapentaenoic, n-3 1.4 0.0
C21, Heneicosanoic 0.0 04
C21:5,n-3 0.1 0.0
C22, Behenic 0.0 0.0
C22:1, Erucic 0.0 0.0
C22:4, Clupanodonic, n-6 0.0 0.0
C22:5, Docosapentaenoic, n-3 0.3 0.0
C22:6, Docosahexaenoic, n-3 1.0 0.0
C24, Lignoceric 0.1 0.0
C24:1 0.0 0.0
Total 140.9 151.1
Fat Types Mediterranean Diet Typical American Diet
Saturated (g) 29.5 74.4
Monounsaturated (g) 86.2 54.0
Polyunsaturated (g) 24.4 14.1
Fat %Kkcal

Saturated (%) 20.9 49.3
Monounsaturated (%) 61.2 35.7
Polyunsaturated (%) 17.3 9.4
no6 15.9 13.4
n3 7.9 0.7
n6:n3 ratio 2.0 19.0
trans fat (gm) 0.8 8.6

Table 8. Fatty Acids in the Experimental Diets.

141



References
2021 Alzheimer's disease facts and figures. (2021). Alzheimers Dement, 17(3), 327-406.

https://doi.org/10.1002/alz.12328

2023 Alzheimer's disease facts and figures. (2023). Alzheimers Dement, 19(4), 1598-1695.

https://doi.org/10.1002/alz.13016

Abbott, K. N., Armott, C. K., Westbrook, R. F., & Tran, D. M. D. (2019). The effect of high fat,
high sugar, and combined high fat-high sugar diets on spatial learning and memory in
rodents: A meta-analysis. Neurosci Biobehav Rev, 107,399-421.

https://doi.org/10.1016/j.neubiorev.2019.08.010

Abuznait, A. H., Qosa, H., Busnena, B. A., El Sayed, K. A., & Kaddoumi, A. (2013). Olive-oil-
derived oleocanthal enhances -amyloid clearance as a potential neuroprotective
mechanism against Alzheimer's disease: in vitro and in vivo studies. ACS Chem

Neurosci, 4(6), 973-982. https://doi.org/10.1021/cn400024q

Adgrb?2 adhesion G protein-coupled receptor B2 [ Mus musculus (house mouse) [. (2023).

National Library of Medicine https://www.ncbi.nlm.nih.gov/gene/230775

Agarwal, P., Leurgans, S. E., Agrawal, S., Aggarwal, N. T., Cherian, L. J., James, B. D., Dhana,
K., Barnes, L. L., Bennett, D. A., & Schneider, J. A. (2023). Association of
Mediterranean-DASH Intervention for Neurodegenerative Delay and Mediterranean
Diets With Alzheimer Disease Pathology. Neurology, 100(22), €2259-¢2268.

https://doi.org/10.1212/wnl.0000000000207176

Akerele, O. A., & Cheema, S. K. (2018). A diet enriched in longer chain omega-3 fatty acids
reduced placental inflammatory cytokines and improved fetal sustainability of C57BL/6
mice. Prostaglandins Leukot Essent Fatty Acids, 137, 43-51.

https://doi.org/10.1016/j.plefa.2018.08.002

142


https://doi.org/10.1002/alz.12328
https://doi.org/10.1002/alz.13016
https://doi.org/10.1016/j.neubiorev.2019.08.010
https://doi.org/10.1021/cn400024q
https://www.ncbi.nlm.nih.gov/gene/230775
https://doi.org/10.1212/wnl.0000000000207176
https://doi.org/10.1016/j.plefa.2018.08.002

Almarhoun, M., Biswas, L., Alhasani, R. H., Wong, A., Tchivelekete, G. M., Zhou, X.,
Patterson, S., Bartholomew, C., & Shu, X. (2021). Overexpression of STARD3 attenuates
oxidized LDL-induced oxidative stress and inflammation in retinal pigment epithelial
cells. Biochim Biophys Acta Mol Cell Biol Lipids, 1866(7), 158927.

https://doi.org/10.1016/j.bbalip.2021.158927

Alzheimer, A., Stelzmann, R. A., Schnitzlein, H. N., & Murtagh, F. R. (1995). An English
translation of Alzheimer's 1907 paper, "Uber eine eigenartige Erkankung der Hirnrinde".

Clin Anat, 8(6), 429-431. https://doi.org/10.1002/ca.980080612

Arnold, S. E., Lucki, L., Brookshire, B. R., Carlson, G. C., Browne, C. A., Kazi, H., Bang, S.,
Choi, B. R., Chen, Y., McMullen, M. F., & Kim, S. F. (2014). High fat diet produces
brain insulin resistance, synaptodendritic abnormalities and altered behavior in mice.

Neurobiol Dis, 67, 79-87. https://doi.org/10.1016/1.nbd.2014.03.011

Athanasopoulos, D., Karagiannis, G., & Tsolaki, M. (2016). Recent Findings in Alzheimer
Disease and Nutrition Focusing on Epigenetics. Adv Nutr, 7(5), 917-927.

https://doi.org/10.3945/an.116.012229

Azi2 5-azacytidine induced gene 2 [ Mus musculus (house mouse) . (2023). National Library of

Medicine. https://www.ncbi.nlm.nih.gov/gene/27215

Bach-Faig, A., Berry, E. M., Lairon, D., Reguant, J., Trichopoulou, A., Dernini, S., Medina, F.
X., Battino, M., Belahsen, R., Miranda, G., & Serra-Majem, L. (2011). Mediterranean
diet pyramid today. Science and cultural updates. Public Health Nutr, 14(12a), 2274-

2284. https://doi.org/10.1017/s1368980011002515

Baranowski, B. J., Bott, K. N., & MacPherson, R. E. K. (2018). Evaluation of neuropathological
effects of a high-fat high-sucrose diet in middle-aged male C57BL6/J mice. Physiol Rep,

6(11), €e13729. https://doi.org/10.14814/phy2.13729

143


https://doi.org/10.1016/j.bbalip.2021.158927
https://doi.org/10.1002/ca.980080612
https://doi.org/10.1016/j.nbd.2014.03.011
https://doi.org/10.3945/an.116.012229
https://www.ncbi.nlm.nih.gov/gene/27215
https://doi.org/10.1017/s1368980011002515
https://doi.org/10.14814/phy2.13729

Baranowski, B. J., Hayward, G. C., Fajardo, V. A., & MacPherson, R. E. K. (2018). Increased
Prevalence of Obesity/Type 2 Diabetes and Lower Levels of Lithium in Rural Texas
Counties May Explain Greater Alzheimer's Disease Risk. J Alzheimers Dis, 64(1), 303-

308. https://doi.org/10.3233/jad-171150

Barnard, N. D., Bush, A. 1., Ceccarelli, A., Cooper, J., de Jager, C. A., Erickson, K. 1., Fraser, G.,
Kesler, S., Levin, S. M., Lucey, B., Morris, M. C., & Squitti, R. (2014). Dietary and
lifestyle guidelines for the prevention of Alzheimer's disease. Neurobiol Aging, 35 Supp!

2, S74-78. https://doi.org/10.1016/j.neurobiolaging.2014.03.033

Barrientos, R. M., Higgins, E. A., Sprunger, D. B., Watkins, L. R., Rudy, J. W., & Maier, S. F.
(2002). Memory for context is impaired by a post context exposure injection of
interleukin-1 beta into dorsal hippocampus. Behav Brain Res, 134(1-2), 291-298.

https://doi.org/10.1016/s0166-4328(02)00043-8

Barrientos, R. M., Sprunger, D. B., Campeau, S., Watkins, L. R., Rudy, J. W., & Maier, S. F.
(2004). BDNF mRNA expression in rat hippocampus following contextual learning is
blocked by intrahippocampal IL-1beta administration. J Neuroimmunol, 155(1-2), 119-

126. https://doi.org/10.1016/j.jneuroim.2004.06.009

Bazinet, R. P., & Lay¢, S. (2014). Polyunsaturated fatty acids and their metabolites in brain

function and disease. Nat Rev Neurosci, 15(12), 771-785. https://doi.org/10.1038/nrn3820
Bekris, L. M., Yu, C. E., Bird, T. D., & Tsuang, D. W. (2010). Genetics of Alzheimer disease. J

Geriatr Psychiatry Neurol, 23(4), 213-227. https://doi.org/10.1177/0891988710383571

Belikov, S., Astrand, C., & Wrange, O. (2009). FoxA1 binding directs chromatin structure and
the functional response of a glucocorticoid receptor-regulated promoter. Mol Cell Biol,

29(20), 5413-5425. https://doi.org/10.1128/mcb.00368-09

144


https://doi.org/10.3233/jad-171150
https://doi.org/10.1016/j.neurobiolaging.2014.03.033
https://doi.org/10.1016/s0166-4328(02)00043-8
https://doi.org/10.1016/j.jneuroim.2004.06.009
https://doi.org/10.1038/nrn3820
https://doi.org/10.1177/0891988710383571
https://doi.org/10.1128/mcb.00368-09

Berti, V., Walters, M., Sterling, J., Quinn, C. G., Logue, M., Andrews, R., Matthews, D. C.,
Osorio, R. S., Pupi, A., Vallabhajosula, S., Isaacson, R. S., de Leon, M. J., & Mosconi, L.
(2018). Mediterranean diet and 3-year Alzheimer brain biomarker changes in middle-
aged adults. Neurology, 90(20), e1789-e1798.

https://doi.org/10.1212/wnl.0000000000005527

Biesmans, S., Meert, T. F., Bouwknecht, J. A., Acton, P. D., Davoodi, N., De Haes, P., Kuijlaars,
J., Langlois, X., Matthews, L. J., Ver Donck, L., Hellings, N., & Nuydens, R. (2013).
Systemic immune activation leads to neuroinflammation and sickness behavior in mice.

Mediators Inflamm, 2013, 271359. https://doi.org/10.1155/2013/271359

Bilbo, S. D., & Tsang, V. (2010). Enduring consequences of maternal obesity for brain
inflammation and behavior of offspring. Faseb j, 24(6), 2104-2115.

https://doi.org/10.1096/11.09-144014

Bitler, C. M., Viale, T. M., Damaj, B., & Crea, R. (2005). Hydrolyzed olive vegetation water in
mice has anti-inflammatory activity. J Nutr, 135(6), 1475-1479.

https://doi.org/10.1093/in/135.6.1475

Block, M. L., Zecca, L., & Hong, J. S. (2007). Microglia-mediated neurotoxicity: uncovering the

molecular mechanisms. Nat Rev Neurosci, 8(1), 57-69. https://doi.org/10.1038/nrm2038

Bobinski, M., de Leon, M. J., Wegiel, J., Desanti, S., Convit, A., Saint Louis, L. A., Rusinek, H.,
& Wisniewski, H. M. (2000). The histological validation of post mortem magnetic
resonance imaging-determined hippocampal volume in Alzheimer's disease.

Neuroscience, 95(3), 721-725. https://doi.org/10.1016/s0306-4522(99)00476-5

Boitard, C., Cavaroc, A., Sauvant, J., Aubert, A., Castanon, N., Layé¢, S., & Ferreira, G. (2014).

Impairment of hippocampal-dependent memory induced by juvenile high-fat diet intake

145


https://doi.org/10.1212/wnl.0000000000005527
https://doi.org/10.1155/2013/271359
https://doi.org/10.1096/fj.09-144014
https://doi.org/10.1093/jn/135.6.1475
https://doi.org/10.1038/nrn2038
https://doi.org/10.1016/s0306-4522(99)00476-5

is associated with enhanced hippocampal inflammation in rats. Brain Behav Immun, 40,

9-17. https://doi.org/10.1016/].bbi.2014.03.005

Bonaiuto, C., McDonald, P. P., Rossi, F., & Cassatella, M. A. (1997). Activation of nuclear
factor-kappa B by beta-amyloid peptides and interferon-gamma in murine microglia. J

Neuroimmunol, 77(1), 51-56. https://doi.org/10.1016/s0165-5728(97)00054-4

Bonfili, L., Cuccioloni, M., Gong, C., Cecarini, V., Spina, M., Zheng, Y., Angeletti, M., &
Eleuteri, A. M. (2022). Gut microbiota modulation in Alzheimer's disease: Focus on lipid

metabolism. Clin Nutr, 41(3), 698-708. https://doi.org/10.1016/j.cInu.2022.01.025

Borra, M. T., Smith, B. C., & Denu, J. M. (2005). Mechanism of human SIRT1 activation by
resveratrol. J Biol Chem, 280(17), 17187-17195.

https://doi.org/10.1074/1bc.M501250200

Bourassa, M. W., Alim, L., Bultman, S. J., & Ratan, R. R. (2016). Butyrate, neuroepigenetics and
the gut microbiome: Can a high fiber diet improve brain health? Neurosci Lett, 625, 56-

63. https://doi.org/10.1016/j.neulet.2016.02.009

Brooks, H. L., Pollow, D. P., & Hoyer, P. B. (2016). The VCD Mouse Model of Menopause and
Perimenopause for the Study of Sex Differences in Cardiovascular Disease and the
Metabolic Syndrome. Physiology, 31(4), 250-257.

https://doi.org/10.1152/physiol.00057.2014

Brown, L., Rosner, B., Willett, W. W., & Sacks, F. M. (1999). Cholesterol-lowering effects of
dietary fiber: a meta-analysis. Am J Clin Nutr, 69(1), 30-42.

https://doi.org/10.1093/ajcn/69.1.30

Bruce-Keller, A. J., Keller, J. N., & Morrison, C. D. (2009). Obesity and vulnerability of the
CNS. Biochim Biophys Acta, 1792(5), 395-400.

https://doi.org/10.1016/1.bbadis.2008.10.004

146


https://doi.org/10.1016/j.bbi.2014.03.005
https://doi.org/10.1016/s0165-5728(97)00054-4
https://doi.org/10.1016/j.clnu.2022.01.025
https://doi.org/10.1074/jbc.M501250200
https://doi.org/10.1016/j.neulet.2016.02.009
https://doi.org/10.1152/physiol.00057.2014
https://doi.org/10.1093/ajcn/69.1.30
https://doi.org/10.1016/j.bbadis.2008.10.004

Bruce-Keller, A. J., Salbaum, J. M., Luo, M., Blanchard, E. t., Taylor, C. M., Welsh, D. A., &
Berthoud, H. R. (2015). Obese-type gut microbiota induce neurobehavioral changes in
the absence of obesity. Biol Psychiatry, 77(7), 607-615.

https://doi.org/10.1016/.biopsych.2014.07.012

Buettner, D. (2015). The Blue Zones Solution: Eating and living like the world's healthiest

people. . National Geographic Partners, LLC.
Burguera, B., Pantalone, K. M., & Griebeler, M. L. (2021). Obesity Medical Therapy: It Is Time
to Take the Bull by the Horns. Mayo Clin Proc, 96(12), 2939-2941.

https://doi.org/10.1016/;.mayocp.2021.10.013

Burokas, A., Moloney, R. D., Dinan, T. G., & Cryan, J. F. (2015). Microbiota regulation of the
Mammalian gut-brain axis. Adv Appl Microbiol, 91, 1-62.

https://doi.org/10.1016/bs.aambs.2015.02.001

Busquets, O., Ettcheto, M., Pallas, M., Beas-Zarate, C., Verdaguer, E., Auladell, C., Folch, J., &
Camins, A. (2017). Long-term exposition to a high fat diet favors the appearance of j3-
amyloid depositions in the brain of C57BL/6J mice. A potential model of sporadic
Alzheimer's disease. Mech Ageing Dev, 162, 38-45.

https://doi.org/10.1016/j.mad.2016.11.002

Calderon, F., & Kim, H. Y. (2004). Docosahexaenoic acid promotes neurite growth in

hippocampal neurons. J Neurochem, 90(4), 979-988. https://doi.org/10.1111/1.1471-

4159.2004.02520.x

Camk2g calcium/calmodulin-dependent protein kinase Il gamma [ Mus musculus (house mouse)

/. (2023). National Library of Medicine. https://www.ncbi.nlm.nih.gov/gene/12325

147


https://doi.org/10.1016/j.biopsych.2014.07.012
https://doi.org/10.1016/j.mayocp.2021.10.013
https://doi.org/10.1016/bs.aambs.2015.02.001
https://doi.org/10.1016/j.mad.2016.11.002
https://doi.org/10.1111/j.1471-4159.2004.02520.x
https://doi.org/10.1111/j.1471-4159.2004.02520.x
https://www.ncbi.nlm.nih.gov/gene/12325

Casas, R., Sacanella, E., & Estruch, R. (2014). The immune protective effect of the
Mediterranean diet against chronic low-grade inflammatory diseases. Endocr Metab
Immune Disord Drug Targets, 14(4), 245-254.

https://doi.org/10.2174/1871530314666140922153350

Casas, R., Sacanella, E., Urpi-Sarda, M., Corella, D., Castafier, O., Lamuela-Raventos, R. M.,
Salas-Salvado, J., Martinez-Gonzalez, M. A., Ros, E., & Estruch, R. (2016). Long-Term
Immunomodulatory Effects of a Mediterranean Diet in Adults at High Risk of
Cardiovascular Disease in the PREvencion con Dleta MEDiterranea (PREDIMED)
Randomized Controlled Trial. J Nutr, 146(9), 1684-1693.

https://doi.org/10.3945/in.115.229476

Casas, R., Urpi-Sarda, M., Sacanella, E., Arranz, S., Corella, D., Castafier, O., Lamuela-
Raventés, R. M., Salas-Salvado, J., Lapetra, J., Portillo, M. P., & Estruch, R. (2017).
Anti-Inflammatory Effects of the Mediterranean Diet in the Early and Late Stages of
Atheroma Plaque Development. Mediators Inflamm, 2017, 3674390.

https://doi.org/10.1155/2017/3674390

Casimiro, L., Stull, N. D., Tersey, S. A., & Mirmira, R. G. (2021). Phenotypic sexual dimorphism
in response to dietary fat manipulation in C57BL/6J mice. J Diabetes Complications,

35(2), 107795. https://doi.org/10.1016/j.jdiacomp.2020.107795

Castellanos-Tapia, L., Tejero-Barrera, M. E., Salas-Silva, S., Simoni-Nieves, A., Escobedo-
Calvario, A., & Gomez-Quiroz, L. E. (2020). Mediterranean-like mix of fatty acids
induces cellular protection on lipid-overloaded hepatocytes from western diet fed mice.

Ann Hepatol, 19(5), 489-496. https://doi.org/10.1016/j.a0hep.2020.06.005

Celf2 CUGBP, Elav-like family member 2 [ Mus musculus (house mouse) ]. (2023). National

Library of Medicine.

148


https://doi.org/10.2174/1871530314666140922153350
https://doi.org/10.3945/jn.115.229476
https://doi.org/10.1155/2017/3674390
https://doi.org/10.1016/j.jdiacomp.2020.107795
https://doi.org/10.1016/j.aohep.2020.06.005

https://www.ncbi.nlm.nih.gov/gene/14007#:~:text=knockdown%2001%20CELF2%20im

paired%2011.10%27s.miR155%20expression%20and%20TNFalpha%20expression.&text

=Napor%2D3%20suppression%20by%20ethanol,apoptosis%20into%20a%20pathologica

1%20process.

Charisis, S., Ntanasi, E., Yannakoulia, M., Anastasiou, C. A., Kosmidis, M. H., Dardiotis, E.,
Hadjigeorgiou, G., Sakka, P., & Scarmeas, N. (2021). Mediterranean diet and risk for
dementia and cognitive decline in a Mediterranean population. J Am Geriatr Soc, 69(6),

1548-1559. https://doi.org/10.1111/jes.17072

Cheatham, C. L., Nerhammer, A. S., Asserhgj, M., Michaelsen, K. F., & Lauritzen, L. (2011).
Fish oil supplementation during lactation: effects on cognition and behavior at 7 years of

age. Lipids, 46(7), 637-645. https://doi.org/10.1007/s11745-011-3557-x

Cheng, Y., He, C. Y., Tian, D. Y., Chen, S. H., Ren, J. R., Sun, H. L., Xu, M. Y., Tan, C. R.,
Fan, D. Y., Jian, J. M., Sun, P. Y., Zeng, G. H., Shen, Y. Y., Shi, A. Y., Jin, W. S., Bu, X.
L., Liu, H. M., Xu, Y. M., Wang, J., & Wang, Y. J. (2023). Physiological B-amyloid
clearance by the liver and its therapeutic potential for Alzheimer's disease. Acta

Neuropathol, 145(6), 717-731. https://doi.org/10.1007/s00401-023-02559-z

Christ, A., Lauterbach, M., & Latz, E. (2019). Western Diet and the Immune System: An
Inflammatory Connection. Immunity, 51(5), 794-811.

https://doi.org/10.1016/j.immuni.2019.09.020

Chrysohoou, C., Panagiotakos, D. B., Pitsavos, C., Das, U. N., & Stefanadis, C. (2004).
Adherence to the Mediterranean diet attenuates inflammation and coagulation process in
healthy adults: The ATTICA Study. J Am Coll Cardiol, 44(1), 152-158.

https://doi.org/10.1016/j.jacc.2004.03.039

149


https://www.ncbi.nlm.nih.gov/gene/14007#:~:text=knockdown%20of%20CELF2%20impaired%20IL10%27s,miR155%20expression%20and%20TNFalpha%20expression.&text=Napor%2D3%20suppression%20by%20ethanol,apoptosis%20into%20a%20pathological%20process
https://www.ncbi.nlm.nih.gov/gene/14007#:~:text=knockdown%20of%20CELF2%20impaired%20IL10%27s,miR155%20expression%20and%20TNFalpha%20expression.&text=Napor%2D3%20suppression%20by%20ethanol,apoptosis%20into%20a%20pathological%20process
https://www.ncbi.nlm.nih.gov/gene/14007#:~:text=knockdown%20of%20CELF2%20impaired%20IL10%27s,miR155%20expression%20and%20TNFalpha%20expression.&text=Napor%2D3%20suppression%20by%20ethanol,apoptosis%20into%20a%20pathological%20process
https://www.ncbi.nlm.nih.gov/gene/14007#:~:text=knockdown%20of%20CELF2%20impaired%20IL10%27s,miR155%20expression%20and%20TNFalpha%20expression.&text=Napor%2D3%20suppression%20by%20ethanol,apoptosis%20into%20a%20pathological%20process
https://doi.org/10.1111/jgs.17072
https://doi.org/10.1007/s11745-011-3557-x
https://doi.org/10.1007/s00401-023-02559-z
https://doi.org/10.1016/j.immuni.2019.09.020
https://doi.org/10.1016/j.jacc.2004.03.039

Conole, E. L. S., Stevenson, A. J., Mufioz Maniega, S., Harris, S. E., Green, C., Valdés
Hernandez, M. D. C., Harris, M. A., Bastin, M. E., Wardlaw, J. M., Deary, L. J., Miron,
V. E., Whalley, H. C., Marioni, R. E., & Cox, S. R. (2021). DNA Methylation and
Protein Markers of Chronic Inflammation and Their Associations With Brain and
Cognitive Aging. Neurology, 97(23), €2340-e2352.

https://doi.org/10.1212/wnl.0000000000012997

Cordain, L., Eaton, S. B., Sebastian, A., Mann, N., Lindeberg, S., Watkins, B. A., O'Keefe, J. H.,
& Brand-Miller, J. (2005). Origins and evolution of the Western diet: health implications
for the 21st century. Am J Clin Nutr, 81(2), 341-354.

https://doi.org/10.1093/ajcn.81.2.341

Cordner, Z. A., Khambadkone, S. G., Boersma, G. J., Song, L., Summers, T. N., Moran, T. H., &
Tamashiro, K. L. K. (2019). Maternal high-fat diet results in cognitive impairment and
hippocampal gene expression changes in rat offspring. Exp Neurol, 318, 92-100.

https://doi.org/10.1016/j.expneurol.2019.04.018

Cordner, Z. A., & Tamashiro, K. L. (2015). Effects of high-fat diet exposure on learning &
memory. Physiol Behav, 152(Pt B), 363-371.

https://doi.org/10.1016/j.physbeh.2015.06.008

Cordoba Montoya, D. A., & Carrer, H. F. (1997). Estrogen facilitates induction of long term
potentiation in the hippocampus of awake rats. Brain Res, 778(2), 430-438.

https://doi.org/10.1016/s0006-8993(97)01206-7

Cui, A.,Hu, Z.,Han, Y., Yang, Y., & Li, Y. (2017). Optimized Analysis of In Vivo and In Vitro

Hepatic Steatosis. J Vis Exp(121). https://doi.org/10.3791/55178

150


https://doi.org/10.1212/wnl.0000000000012997
https://doi.org/10.1093/ajcn.81.2.341
https://doi.org/10.1016/j.expneurol.2019.04.018
https://doi.org/10.1016/j.physbeh.2015.06.008
https://doi.org/10.1016/s0006-8993(97)01206-7
https://doi.org/10.3791/55178

Cutuli, D. (2017). Functional and Structural Benefits Induced by Omega-3 Polyunsaturated Fatty
Acids During Aging. Curr Neuropharmacol, 15(4), 534-542.

https://doi.org/10.2174/1570159x14666160614091311

Daniel, J. M., Fader, A. J., Spencer, A. L., & Dohanich, G. P. (1997). Estrogen enhances
performance of female rats during acquisition of a radial arm maze. Horm Behav, 32(3),

217-225. https://doi.org/10.1006/hbeh.1997.1433

Dantzer, R. (2009). Cytokine, sickness behavior, and depression. Immunol Allergy Clin North

Am, 29(2), 247-264. https://doi.org/10.1016/j.1ac.2009.02.002

Dantzer, R. (2018). Neuroimmune Interactions: From the Brain to the Immune System and Vice

Versa. Physiol Rev, 98(1), 477-504. https://doi.org/10.1152/physrev.00039.2016

Dantzer, R., & Kelley, K. W. (2007). Twenty years of research on cytokine-induced sickness

behavior. Brain Behav Immun, 21(2), 153-160. https://doi.org/10.1016/].bbi1.2006.09.006

Dantzer, R., O'Connor, J. C., Freund, G. G., Johnson, R. W., & Kelley, K. W. (2008). From
inflammation to sickness and depression: when the immune system subjugates the brain.

Nat Rev Neurosci, 9(1), 46-56. https://doi.org/10.1038/nrn2297

Davis, C., Bryan, J., Hodgson, J., & Murphy, K. (2015). Definition of the Mediterranean Diet; a

Literature Review. Nutrients, 7(11), 9139-9153. https://doi.org/10.3390/nu7115459

De Filippis, F., Pellegrini, N., Vannini, L., Jeffery, 1. B., La Storia, A., Laghi, L., Serrazanetti, D.
L., Di Cagno, R., Ferrocino, 1., Lazzi, C., Turroni, S., Cocolin, L., Brigidi, P., Neviani, E.,
Gobbetti, M., O'Toole, P. W., & Ercolini, D. (2016). High-level adherence to a
Mediterranean diet beneficially impacts the gut microbiota and associated metabolome.

Gut, 65(11), 1812-1821. https://doi.org/10.1136/gutjnl-2015-309957

Deane, R., Du Yan, S., Submamaryan, R. K., LaRue, B., Jovanovic, S., Hogg, E., Welch, D.,

Manness, L., Lin, C., Yu, J., Zhu, H., Ghiso, J., Frangione, B., Stern, A., Schmidt, A. M.,

151


https://doi.org/10.2174/1570159x14666160614091311
https://doi.org/10.1006/hbeh.1997.1433
https://doi.org/10.1016/j.iac.2009.02.002
https://doi.org/10.1152/physrev.00039.2016
https://doi.org/10.1016/j.bbi.2006.09.006
https://doi.org/10.1038/nrn2297
https://doi.org/10.3390/nu7115459
https://doi.org/10.1136/gutjnl-2015-309957

Armstrong, D. L., Arnold, B., Liliensiek, B., Nawroth, P., . . . Zlokovic, B. (2003).
RAGE mediates amyloid-beta peptide transport across the blood-brain barrier and

accumulation in brain. Nat Med, 9(7), 907-913. https://doi.org/10.1038/nm8&90

Dehghan, P., Gargari, B. P., Jafar-Abadi, M. A., & Aliasgharzadeh, A. (2014). Inulin controls
inflammation and metabolic endotoxemia in women with type 2 diabetes mellitus: a
randomized-controlled clinical trial. Int J Food Sci Nutr, 65(1), 117-123.

https://doi.org/10.3109/09637486.2013.836738

Dehghan, P., Pourghassem Gargari, B., & Asghari Jafar-abadi, M. (2014). Oligofructose-
enriched inulin improves some inflammatory markers and metabolic endotoxemia in

women with type 2 diabetes mellitus: a randomized controlled clinical trial. Nutrition,

30(4), 418-423. https://doi.org/10.1016/j.nut.2013.09.005

Denver, P., Gault, V. A., & McClean, P. L. (2018). Sustained high-fat diet modulates
inflammation, insulin signalling and cognition in mice and a modified xenin peptide

ameliorates neuropathology in a chronic high-fat model. Diabetes Obes Metab, 20(5),

1166-1175. https://doi.org/10.1111/dom.13210

Desai, M. S., Seekatz, A. M., Koropatkin, N. M., Kamada, N., Hickey, C. A., Wolter, M., Pudlo,
N. A., Kitamoto, S., Terrapon, N., Muller, A., Young, V. B., Henrissat, B., Wilmes, P.,
Stappenbeck, T. S., Nufiez, G., & Martens, E. C. (2016). A Dietary Fiber-Deprived Gut
Microbiota Degrades the Colonic Mucus Barrier and Enhances Pathogen Susceptibility.

Cell, 167(5), 1339-1353.e1321. https://doi.org/10.1016/j.cell.2016.10.043

Dodge, H. H., Buracchio, T. J., Fisher, G. G., Kiyohara, Y., Meguro, K., Tanizaki, Y., & Kaye, J

A. (2012). Trends in the prevalence of dementia in Japan. Int J Alzheimers Dis, 2012,

956354. https://doi.org/10.1155/2012/956354

152


https://doi.org/10.1038/nm890
https://doi.org/10.3109/09637486.2013.836738
https://doi.org/10.1016/j.nut.2013.09.005
https://doi.org/10.1111/dom.13210
https://doi.org/10.1016/j.cell.2016.10.043
https://doi.org/10.1155/2012/956354

Duan, Y., Pan, X., Luo, J., Xiao, X., Li, J., Bestman, P. L., & Luo, M. (2022). Association of
Inflammatory Cytokines With Non-Alcoholic Fatty Liver Disease. Front Immunol, 13,

880298. https://doi.org/10.3389/fimmu.2022.880298

Dudley, K. J., Sloboda, D. M., Connor, K. L., Beltrand, J., & Vickers, M. H. (2011). Offspring of
mothers fed a high fat diet display hepatic cell cycle inhibition and associated changes in
gene expression and DNA methylation. PLoS One, 6(7), €21662.

https://doi.org/10.1371/journal.pone.0021662

Dursun, E., Gezen-Ak, D., Hanagasi, H., Bilgi¢, B., Lohmann, E., Ertan, S., Atasoy I, L.,
Alaylioglu, M., Araz 0, S., Onal, B., Giindiiz, A., Apaydin, H., Kiziltan, G., Ulutin, T.,
Girvit, H., & Yilmazer, S. (2015). The interleukin 1 alpha, interleukin 1 beta, interleukin
6 and alpha-2-macroglobulin serum levels in patients with early or late onset Alzheimer's
disease, mild cognitive impairment or Parkinson's disease. J Neuroimmunol, 283, 50-57.

https://doi.org/10.1016/j.jneuroim.2015.04.014

Dyall, S. C. (2015). Long-chain omega-3 fatty acids and the brain: a review of the independent
and shared effects of EPA, DPA and DHA. Front Aging Neurosci, 7, 52.

https://doi.org/10.3389/fnagi.2015.00052

E2F transcription factor 5 [ Mus musculus (house mouse) J. (2023). National Library of

Medicine. https://www.ncbi.nlm.nih.gov/gene/13559

Elliott, S. S., Keim, N. L., Stern, J. S., Teff, K., & Havel, P. J. (2002). Fructose, weight gain, and
the insulin resistance syndrome. Am J Clin Nutr, 76(5), 911-922.

https://doi.org/10.1093/ajcn/76.5.911

Engelhart, M. J., Geerlings, M. L., Meijer, J., Kiliaan, A., Ruitenberg, A., van Swieten, J. C.,

Stijnen, T., Hofman, A., Witteman, J. C., & Breteler, M. M. (2004). Inflammatory

153


https://doi.org/10.3389/fimmu.2022.880298
https://doi.org/10.1371/journal.pone.0021662
https://doi.org/10.1016/j.jneuroim.2015.04.014
https://doi.org/10.3389/fnagi.2015.00052
https://www.ncbi.nlm.nih.gov/gene/13559
https://doi.org/10.1093/ajcn/76.5.911

proteins in plasma and the risk of dementia: the rotterdam study. Arch Neurol, 61(5),

668-672. https://doi.org/10.1001/archneur.61.5.668

family with sequence similarity 83, member B [ Mus musculus (house mouse) |. (2023). National

Library of Medicine https://www.ncbi.nlm.nih.gov/gene/208994

Farr, S. A, Price, T. O., Dominguez, L. J., Motisi, A., Saiano, F., Niehoff, M. L., Morley, J. E.,
Banks, W. A., Ercal, N., & Barbagallo, M. (2012). Extra virgin olive oil improves
learning and memory in SAMP8 mice. J Alzheimers Dis, 28(1), 81-92.

https://doi.org/10.3233/jad-2011-110662

Féart, C., Samieri, C., Rondeau, V., Amieva, H., Portet, F., Dartigues, J. F., Scarmeas, N., &
Barberger-Gateau, P. (2009). Adherence to a Mediterranean diet, cognitive decline, and

risk of dementia. Jama, 302(6), 638-648. https://doi.org/10.1001/jama.2009.1146

Fernando, W., Martins, 1. J., Morici, M., Bharadwaj, P., Rainey-Smith, S. R., Lim, W. L. F., &
Martins, R. N. (2020). Sodium Butyrate Reduces Brain Amyloid-f Levels and Improves

Cognitive Memory Performance in an Alzheimer's Disease Transgenic Mouse Model at

an Early Disease Stage. J Alzheimers Dis, 74(1), 91-99. https://doi.org/10.3233/jad-

190120

Flores-Sierra, J., Arredondo-Guerrero, M., Cervantes-Paz, B., Rodriguez-Rios, D., Alvarado-
Caudillo, Y., Nielsen, F. C., Wrobel, K., Wrobel, K., Zaina, S., & Lund, G. (2016). The
trans fatty acid elaidate affects the global DNA methylation profile of cultured cells and

in vivo. Lipids Health Dis, 15, 75. https://doi.org/10.1186/s12944-016-0243-2

forkhead box Al [ Mus musculus (house mouse) . (2023). National Library of Medicine.

https://www.ncbi.nlm.nih.gov/gene/15375#:~:text=Foxal %20and%20Foxa2%?20control

%20the.,and%20D%2Dcells%20in%20mice.&text=Foxal%20and%20Foxi1%20are%20r

154


https://doi.org/10.1001/archneur.61.5.668
https://www.ncbi.nlm.nih.gov/gene/208994
https://doi.org/10.3233/jad-2011-110662
https://doi.org/10.1001/jama.2009.1146
https://doi.org/10.3233/jad-190120
https://doi.org/10.3233/jad-190120
https://doi.org/10.1186/s12944-016-0243-2
https://www.ncbi.nlm.nih.gov/gene/15375#:~:text=Foxa1%20and%20Foxa2%20control%20the,and%20D%2Dcells%20in%20mice.&text=Foxa1%20and%20Foxi1%20are%20required%20for%20later%20stage%20sweat%20gland%20development.&text=This%20work%20identifies%20Foxa1%20and,Muc2%20expression%20in%20the%20intestine
https://www.ncbi.nlm.nih.gov/gene/15375#:~:text=Foxa1%20and%20Foxa2%20control%20the,and%20D%2Dcells%20in%20mice.&text=Foxa1%20and%20Foxi1%20are%20required%20for%20later%20stage%20sweat%20gland%20development.&text=This%20work%20identifies%20Foxa1%20and,Muc2%20expression%20in%20the%20intestine

equired%20for%?20later%20stage%20sweat%20eland%20development. &text=This%20

work%?20identifies%20Foxal%20and.Muc2%?20expression%20in%20the%20intestine.

Foy, M. R., Xu, J., Xie, X., Brinton, R. D., Thompson, R. F., & Berger, T. W. (1999). 17beta-
estradiol enhances NMDA receptor-mediated EPSPs and long-term potentiation. J

Neurophysiol, 81(2), 925-929. https://doi.org/10.1152/jn.1999.81.2.925

Fryar, C. D., Carroll, M. D., Gu, Q., Afful, J., & Ogden, C. L. (2021). Anthropometric Reference
Data for Children and Adults: United States, 2015-2018. Vital Health Stat 3(36), 1-44.

Fryar CD, C. M., Afful J. (2020). Prevalence of overweight, obesity, and severe obesity among
adults aged 20 and over: United States, 1960—1962 through 2017-2018. .

https://www.cdc.gov/nchs/data/hestat/obesity_adult 15 16/obesity adult 15 16.pdf

Fryar, C. D., Hughes, J. P., Herrick, K. A., & Ahluwalia, N. . (2018). Fast Food Consumption
Among Adults in the United States, 2013-2016.

https://www.cdc.gov/nchs/data/databriefs/db322-h.pdf

Frye, B. M., Craft, S., Register, T. C., Andrews, R. N., Appt, S. E., Vitolins, M. Z., Uberseder,
B., Silverstein-Metzler, M. G., Chen, H., Whitlow, C. T., Kim, J., Barcus, R. A.,
Lockhart, S. N., Hoscheidt, S., Say, B. M., Corbitt, S. E., & Shively, C. A. (2021). Diet,

psychosocial stress, and Alzheimer's disease-related neuroanatomy in female nonhuman

primates. Alzheimers Dement, 17(5), 733-744. https://doi.org/10.1002/alz.12232
Fuccelli, R., Fabiani, R., & Rosignoli, P. (2018). Hydroxytyrosol Exerts Anti-Inflammatory and
Anti-Oxidant Activities in a Mouse Model of Systemic Inflammation. Molecules, 23(12).

https://doi.org/10.3390/molecules23123212

Gabriel, M. O., Nikou, M., Akinola, O. B., Pollak, D. D., & Sideromenos, S. (2020). Western
diet-induced fear memory impairment is attenuated by 6-shogaol in C57BL/6N mice.

Behav Brain Res, 380, 112419. https://doi.org/10.1016/].bbr.2019.112419

155


https://www.ncbi.nlm.nih.gov/gene/15375#:~:text=Foxa1%20and%20Foxa2%20control%20the,and%20D%2Dcells%20in%20mice.&text=Foxa1%20and%20Foxi1%20are%20required%20for%20later%20stage%20sweat%20gland%20development.&text=This%20work%20identifies%20Foxa1%20and,Muc2%20expression%20in%20the%20intestine
https://www.ncbi.nlm.nih.gov/gene/15375#:~:text=Foxa1%20and%20Foxa2%20control%20the,and%20D%2Dcells%20in%20mice.&text=Foxa1%20and%20Foxi1%20are%20required%20for%20later%20stage%20sweat%20gland%20development.&text=This%20work%20identifies%20Foxa1%20and,Muc2%20expression%20in%20the%20intestine
https://doi.org/10.1152/jn.1999.81.2.925
https://www.cdc.gov/nchs/data/hestat/obesity_adult_15_16/obesity_adult_15_16.pdf
https://www.cdc.gov/nchs/data/databriefs/db322-h.pdf
https://doi.org/10.1002/alz.12232
https://doi.org/10.3390/molecules23123212
https://doi.org/10.1016/j.bbr.2019.112419

Gainey, S. J., Kwakwa, K. A., Bray, J. K., Pillote, M. M., Tir, V. L., Towers, A. E., & Freund, G.
G. (2016). Short-Term High-Fat Diet (HFD) Induced Anxiety-Like Behaviors and
Cognitive Impairment Are Improved with Treatment by Glyburide. Front Behav

Neurosci, 10, 156. https://doi.org/10.3389/fnbeh.2016.00156

Gali Ramamoorthy, T., Allen, T. J., Davies, A., Harno, E., Sefton, C., Murgatroyd, C., & White,
A. (2018). Maternal overnutrition programs epigenetic changes in the regulatory regions
of hypothalamic Pomc in the offspring of rats. Int J Obes (Lond), 42(8), 1431-1444.

https://doi.org/10.1038/s41366-018-0094-1

Gandhi, S., & Abramov, A. Y. (2012). Mechanism of oxidative stress in neurodegeneration.

Oxid Med Cell Longev, 2012, 428010. https://doi.org/10.1155/2012/428010

Garcia-Mantrana, 1., Selma-Royo, M., Alcantara, C., & Collado, M. C. (2018). Shifts on Gut
Microbiota Associated to Mediterranean Diet Adherence and Specific Dietary Intakes on
General Adult Population. Front Microbiol, 9, 890.

https://doi.org/10.3389/fmicb.2018.00890

Garcia-Montero, C., Fraile-Martinez, O., Gomez-Lahoz, A. M., Pekarek, L., Castellanos, A. J.,
Noguerales-Fraguas, F., Coca, S., Guijarro, L. G., Garcia-Honduvilla, N., Asunsolo, A.,
Sanchez-Trujillo, L., Lahera, G., Bujan, J., Monserrat, J., Alvarez-Mon, M., Alvarez-
Mon, M. A., & Ortega, M. A. (2021). Nutritional Components in Western Diet Versus
Mediterranean Diet at the Gut Microbiota-Immune System Interplay. Implications for

Health and Disease. Nutrients, 13(2). https://doi.org/10.3390/nu13020699

George, E. S., Georgousopoulou, E. N., Mellor, D. D., Chrysohoou, C., Pitsavos, C., &
Panagiotakos, D. B. (2022). Exploring the Path of Mediterranean Diet, Non-Alcoholic

Fatty Liver Disease (NAFLD) and Inflammation towards 10-Year Cardiovascular

156


https://doi.org/10.3389/fnbeh.2016.00156
https://doi.org/10.1038/s41366-018-0094-1
https://doi.org/10.1155/2012/428010
https://doi.org/10.3389/fmicb.2018.00890
https://doi.org/10.3390/nu13020699

Disease (CVD) Risk: The ATTICA Study 10-Year Follow-Up (2002-2012). Nutrients,

14(12). https://doi.org/10.3390/nu14122367

Gezen-Ak, D., Dursun, E., Hanagas1, H., Bilgig, B., Lohman, E., Araz O, S., Atasoy, I. L.,
Alaylioglu, M., Onal, B., Giirvit, H., & Yilmazer, S. (2013). BDNF, TNFo, HSP90, CFH,
and IL-10 serum levels in patients with early or late onset Alzheimer's disease or mild

cognitive impairment. J Alzheimers Dis, 37(1), 185-195. https://doi.org/10.3233/jad-

130497
Glendining, K. A., Fisher, L. C., & Jasoni, C. L. (2018). Maternal high fat diet alters offspring

epigenetic regulators, amygdala glutamatergic profile and anxiety.

Psychoneuroendocrinology, 96, 132-141. https://doi.org/10.1016/].psyneuen.2018.06.015

Gong, C. X., & Igbal, K. (2008). Hyperphosphorylation of microtubule-associated protein tau: a
promising therapeutic target for Alzheimer disease. Curr Med Chem, 15(23), 2321-2328.

https://doi.org/10.2174/092986708785909111

Gonzalez-Nahm, S., Mendez, M., Robinson, W., Murphy, S. K., Hoyo, C., Hogan, V., &
Rowley, D. (2017). Low maternal adherence to a Mediterranean diet is associated with
increase in methylation at the MEG3-1G differentially methylated region in female

infants. Environ Epigenet, 3(2), dvx007. https://doi.org/10.1093/eep/dvx007

Gosche, K. M., Mortimer, J. A., Smith, C. D., Markesbery, W. R., & Snowdon, D. A. (2002).
Hippocampal volume as an index of Alzheimer neuropathology: findings from the Nun

Study. Neurology, 58(10), 1476-1482. https://doi.org/10.1212/wnl.58.10.1476

Goshen, I., & Yirmiya, R. (2009). Interleukin-1 (IL-1): a central regulator of stress responses.

Front Neuroendocrinol, 30(1), 30-45. https://doi.org/10.1016/].yfrne.2008.10.001

157


https://doi.org/10.3390/nu14122367
https://doi.org/10.3233/jad-130497
https://doi.org/10.3233/jad-130497
https://doi.org/10.1016/j.psyneuen.2018.06.015
https://doi.org/10.2174/092986708785909111
https://doi.org/10.1093/eep/dvx007
https://doi.org/10.1212/wnl.58.10.1476
https://doi.org/10.1016/j.yfrne.2008.10.001

Gould, E., Woolley, C. S., Frankfurt, M., & McEwen, B. S. (1990). Gonadal steroids regulate
dendritic spine density in hippocampal pyramidal cells in adulthood. J Neurosci, 10(4),

1286-1291. https://doi.org/10.1523/ijneurosci.10-04-01286.1990

Govindarajan, N., Agis-Balboa, R. C., Walter, J., Sananbenesi, F., & Fischer, A. (2011). Sodium
butyrate improves memory function in an Alzheimer's disease mouse model when

administered at an advanced stage of disease progression. J Alzheimers Dis, 26(1), 187-

197. https://doi.org/10.3233/jad-2011-110080

Graham, L. C., Harder, J. M., Soto, I., de Vries, W. N., John, S. W., & Howell, G. R. (2016).
Chronic consumption of a western diet induces robust glial activation in aging mice and
in a mouse model of Alzheimer's disease. Sci Rep, 6, 21568.

https://doi.org/10.1038/srep21568

Grant, W. B. (2014). Trends in diet and Alzheimer's disease during the nutrition transition in
Japan and developing countries. J Alzheimers Dis, 38(3), 611-620.

https://doi.org/10.3233/jad-130719

Green, K. N., Martinez-Coria, H., Khashwji, H., Hall, E. B., Yurko-Mauro, K. A., Ellis, L., &
LaFerla, F. M. (2007). Dietary docosahexaenoic acid and docosapentaenoic acid

ameliorate amyloid-beta and tau pathology via a mechanism involving presenilin 1 levels.

J Neurosci, 27(16), 4385-4395. https://doi.org/10.1523/jneurosci.0055-07.2007

Greenberg, S. M., Bacskai, B. J., Hernandez-Guillamon, M., Pruzin, J., Sperling, R., & van

Veluw, S. J. (2020). Cerebral amyloid angiopathy and Alzheimer disease - one peptide,

two pathways. Nat Rev Neurol, 16(1), 30-42. https://doi.org/10.1038/s41582-019-0281-2
Grin3a glutamate receptor ionotropic, NMDA3A [ Mus musculus (house mouse) . (2023).

National Library of Medicine. https://www.ncbi.nlm.nih.gov/gene/242443

158


https://doi.org/10.1523/jneurosci.10-04-01286.1990
https://doi.org/10.3233/jad-2011-110080
https://doi.org/10.1038/srep21568
https://doi.org/10.3233/jad-130719
https://doi.org/10.1523/jneurosci.0055-07.2007
https://doi.org/10.1038/s41582-019-0281-2
https://www.ncbi.nlm.nih.gov/gene/242443

Grifian-Ferré¢, C., Bellver-Sanchis, A., Izquierdo, V., Corpas, R., Roig-Soriano, J., Chillén, M.,
Andres-Lacueva, C., Somogyvari, M., S6ti, C., Sanfeliu, C., & Pallas, M. (2021). The
pleiotropic neuroprotective effects of resveratrol in cognitive decline and Alzheimer's
disease pathology: From antioxidant to epigenetic therapy. Ageing Res Rev, 67, 101271.

https://doi.org/10.1016/j.arr.2021.101271

Grossi, C., Rigacci, S., Ambrosini, S., Ed Dami, T., Luccarini, I., Traini, C., Failli, P., Berti, A.,
Casamenti, F., & Stefani, M. (2013). The polyphenol oleuropein aglycone protects
TgCRNDS8 mice against AB plaque pathology. PLoS One, 8(8), €71702.

https://doi.org/10.1371/journal.pone.0071702

Gu, Y., Brickman, A. M., Stern, Y., Habeck, C. G., Razlighi, Q. R., Luchsinger, J. A., Manly, J.
J., Schupf, N., Mayeux, R., & Scarmeas, N. (2015). Mediterranean diet and brain
structure in a multiethnic elderly cohort. Neurology, 85(20), 1744-1751.

https://doi.org/10.1212/wnl.0000000000002121

Gu, Y., Luchsinger, J. A., Stern, Y., & Scarmeas, N. (2010). Mediterranean diet, inflammatory
and metabolic biomarkers, and risk of Alzheimer's disease. J Alzheimers Dis, 22(2), 483-

492. https://doi.org/10.3233/jad-2010-100897

Guan, Z. W, Yu, E. Z., & Feng, Q. (2021). Soluble Dietary Fiber, One of the Most Important
Nutrients for the Gut Microbiota. Molecules, 26(22).

https://doi.org/10.3390/molecules26226802

Guillemot-Legris, O., Masquelier, J., Everard, A., Cani, P. D., Alhouayek, M., & Muccioli, G. G.
(2016). High-fat diet feeding differentially affects the development of inflammation in
the central nervous system. J Neuroinflammation, 13(1), 206.

https://doi.org/10.1186/s12974-016-0666-8

159


https://doi.org/10.1016/j.arr.2021.101271
https://doi.org/10.1371/journal.pone.0071702
https://doi.org/10.1212/wnl.0000000000002121
https://doi.org/10.3233/jad-2010-100897
https://doi.org/10.3390/molecules26226802
https://doi.org/10.1186/s12974-016-0666-8

Guillemot-Legris, O., Mutemberezi, V., Cani, P. D., & Muccioli, G. G. (2016). Obesity is
associated with changes in oxysterol metabolism and levels in mice liver, hypothalamus,

adipose tissue and plasma. Sci Rep, 6, 19694. https://doi.org/10.1038/srep19694

Hadley, K. B., Ryan, A. S., Nelson, E. B., & Salem, N. (2009). An assessment of dietary
docosahexaenoic acid requirements for brain accretion and turnover during early

childhood. World Rev Nutr Diet, 99, 97-104. https://doi.org/10.1159/000193000

Hales, C. M., Fryar, C. D., Carroll, M. D., Freedman, D. S., & Ogden, C. L. (2018). Trends in
Obesity and Severe Obesity Prevalence in US Youth and Adults by Sex and Age, 2007-

2008 to 2015-2016. Jama, 319(16), 1723-1725. https://doi.org/10.1001/jama.2018.3060

Her, Z., Tan,J. H. L., Lim, Y. S., Tan, S. Y., Chan, X. Y., Tan, W. W. S., Liu, M., Yong, K. S.
M., Lai, F., Ceccarello, E., Zheng, Z., Fan, Y., Chang, K. T. E., Sun, L., Chang, S. C.,
Chin, C. L., Lee, G. H., Dan, Y. Y., Chan, Y. S., . . . Chen, Q. (2020). CD4(+) T Cells
Mediate the Development of Liver Fibrosis in High Fat Diet-Induced NAFLD in
Humanized Mice. Front Immunol, 11, 580968.

https://doi.org/10.3389/fimmu.2020.580968

Heyward, F. D., Walton, R. G., Carle, M. S., Coleman, M. A., Garvey, W. T., & Sweatt, J. D.
(2012). Adult mice maintained on a high-fat diet exhibit object location memory deficits
and reduced hippocampal SIRT1 gene expression. Neurobiol Learn Mem, 98(1), 25-32.

https://doi.org/10.1016/j.nlm.2012.04.005

Hill, E., Goodwill, A. M., Gorelik, A., & Szoeke, C. (2019). Diet and biomarkers of Alzheimer's
disease: a systematic review and meta-analysis. Neurobiol Aging, 76, 45-52.

https://doi.org/10.1016/j.neurobiolaging.2018.12.008

160


https://doi.org/10.1038/srep19694
https://doi.org/10.1159/000193000
https://doi.org/10.1001/jama.2018.3060
https://doi.org/10.3389/fimmu.2020.580968
https://doi.org/10.1016/j.nlm.2012.04.005
https://doi.org/10.1016/j.neurobiolaging.2018.12.008

Hintze, K. J., Benninghoff, A. D., Cho, C. E., & Ward, R. E. (2018). Modeling the Western Diet
for Preclinical Investigations. Adv Nutr, 9(3), 263-271.

https://doi.org/10.1093/advances/nmy002

Hippius, H., & Neundorfer, G. (2003). The discovery of Alzheimer's disease. Dialogues Clin

Neurosci, 5(1), 101-108. https://doi.org/10.31887/DCNS.2003.5.1/hhippius

Ho, L., Qin, W., Pompl, P. N., Xiang, Z., Wang, J., Zhao, Z., Peng, Y., Cambareri, G., Rocher,
A., Mobbs, C. V., Hof, P. R., & Pasinetti, G. M. (2004). Diet-induced insulin resistance
promotes amyloidosis in a transgenic mouse model of Alzheimer's disease. Faseb j,

18(7), 902-904. https://doi.org/10.1096/1].03-0978fje

Hooijmans, C. R., Rutters, F., Dederen, P. J., Gambarota, G., Veltien, A., van Groen, T.,
Broersen, L. M., Liitjohann, D., Heerschap, A., Tanila, H., & Kiliaan, A. J. (2007).
Changes in cerebral blood volume and amyloid pathology in aged Alzheimer APP/PS1
mice on a docosahexaenoic acid (DHA) diet or cholesterol enriched Typical Western Diet

(TWD). Neurobiol Dis, 28(1), 16-29. https://doi.org/10.1016/].nbd.2007.06.007

Huang, H., Liu, Z., Xie, J., & Xu, C. (2023). NAFLD does not increase the risk of incident
dementia: A prospective study and meta-analysis. J Psychiatr Res, 161, 435-440.

https://doi.org/10.1016/1.jpsychires.2023.03.041

Huang, S., Rutkowsky, J. M., Snodgrass, R. G., Ono-Moore, K. D., Schneider, D. A., Newman,
J. W., Adams, S. H., & Hwang, D. H. (2012). Saturated fatty acids activate TLR-
mediated proinflammatory signaling pathways. J Lipid Res, 53(9), 2002-2013.

https://doi.org/10.1194/ilr.D029546

Huth, P. J., Fulgoni, V. L., Keast, D. R., Park, K., & Auestad, N. (2013). Major food sources of

calories, added sugars, and saturated fat and their contribution to essential nutrient intakes

161


https://doi.org/10.1093/advances/nmy002
https://doi.org/10.31887/DCNS.2003.5.1/hhippius
https://doi.org/10.1096/fj.03-0978fje
https://doi.org/10.1016/j.nbd.2007.06.007
https://doi.org/10.1016/j.jpsychires.2023.03.041
https://doi.org/10.1194/jlr.D029546

in the U.S. diet: data from the National Health and Nutrition Examination Survey (2003-

2006). Nutr J, 12, 116. https://doi.org/10.1186/1475-2891-12-116

Illesca, P., Valenzuela, R., Espinosa, A., Echeverria, F., Soto-Alarcon, S., Ortiz, M., & Videla, L.
A. (2019). Hydroxytyrosol supplementation ameliorates the metabolic disturbances in
white adipose tissue from mice fed a high-fat diet through recovery of transcription
factors Nrf2, SREBP-1c, PPAR-y and NF-«kB. Biomed Pharmacother, 109, 2472-2481.

https://doi.org/10.1016/i.biopha.2018.11.120

Innis, S. M. (2008). Dietary omega 3 fatty acids and the developing brain. Brain Res, 1237, 35-

43. https://doi.org/10.1016/j.brainres.2008.08.078

Jena, P. K., Setayesh, T., Sheng, L., Di Lucente, J., Jin, L. W., & Wan, Y. Y. (2022). Intestinal

Microbiota Remodeling Protects Mice from Western Diet-Induced Brain Inflammation

and Cognitive Decline. Cells, 11(3). https://doi.org/10.3390/cells11030504

Jena, P. K., Sheng, L., Di Lucente, J., Jin, L. W., Maezawa, [., & Wan, Y. Y. (2018).
Dysregulated bile acid synthesis and dysbiosis are implicated in Western diet-induced
systemic inflammation, microglial activation, and reduced neuroplasticity. Faseb j, 32(5),

2866-2877. https://doi.org/10.1096/£.201700984RR

Jeong, S., Kim, W., & Park, S. M. (2022). Non-alcoholic fatty liver disease and risk of dementia:
Unmet need for a pooled analysis of cohort studies. Clin Mol Hepatol, 28(4), 933-934.

https://doi.org/10.3350/cmh.2022.0267

Johnson, C. S. C,, Frye, B. M., Register, T. C., Snyder-Mackler, N., & Shively, C. A. (2022).
Mediterranean Diet Reduces Social Isolation and Anxiety in Adult Female Nonhuman

Primates. Nutrients, 14(14). https://doi.org/10.3390/nul14142852

Johnson, C. S. C., Shively, C. A., Michalson, K. T., Lea, A. J., DeBo, R. J., Howard, T. D.,

Hawkins, G. A., Appt, S. E., Liu, Y., McCall, C. E., Herrington, D. M., Ip, E. H.,

162


https://doi.org/10.1186/1475-2891-12-116
https://doi.org/10.1016/j.biopha.2018.11.120
https://doi.org/10.1016/j.brainres.2008.08.078
https://doi.org/10.3390/cells11030504
https://doi.org/10.1096/fj.201700984RR
https://doi.org/10.3350/cmh.2022.0267
https://doi.org/10.3390/nu14142852

Register, T. C., & Snyder-Mackler, N. (2021). Contrasting effects of Western vs
Mediterranean diets on monocyte inflammatory gene expression and social behavior in a

primate model. Elife, 10. https://doi.org/10.7554/eLife.68293

Julien, C., Tremblay, C., Phivilay, A., Berthiaume, L., Emond, V., Julien, P., & Calon, F. (2010).
High-fat diet aggravates amyloid-beta and tau pathologies in the 3xTg-AD mouse model.

Neurobiol Aging, 31(9), 1516-1531. https://doi.org/10.1016/j.neurobiolaging.2008.08.022

Kahn, M. S., Kranjac, D., Alonzo, C. A., Haase, J. H., Cedillos, R. O., McLinden, K. A., Boehm,
G. W., & Chumley, M. J. (2012). Prolonged elevation in hippocampal A and cognitive
deficits following repeated endotoxin exposure in the mouse. Behav Brain Res, 229(1),

176-184. https://doi.org/10.1016/5.bbr.2012.01.010

Kalmijn, S., Launer, L. J., Ott, A., Witteman, J. C., Hofman, A., & Breteler, M. M. (1997).
Dietary fat intake and the risk of incident dementia in the Rotterdam Study. Ann Neurol,

42(5), 776-782. https://doi.org/10.1002/ana.410420514

Kanoski, S. E., & Davidson, T. L. (2011). Western diet consumption and cognitive impairment:
links to hippocampal dysfunction and obesity. Physiol Behav, 103(1), 59-68.

https://doi.org/10.1016/1.physbeh.2010.12.003

Kanoski, S. E., Meisel, R. L., Mullins, A. J., & Davidson, T. L. (2007). The effects of energy-
rich diets on discrimination reversal learning and on BDNF in the hippocampus and
prefrontal cortex of the rat. Behav Brain Res, 182(1), 57-66.

https://doi.org/10.1016/1.bbr.2007.05.004

Kaplan, A., Zelicha, H., Yaskolka Meir, A., Rinott, E., Tsaban, G., Levakov, G., Prager, O.,
Salti, M., Yovell, Y., Ofer, J., Huhn, S., Beyer, F., Witte, V., Villringer, A., Meiran, N.,
T, B. E., Kovacs, P., von Bergen, M., Ceglarek, U., . .. Shai, L. (2022). The effect of a

high-polyphenol Mediterranean diet (Green-MED) combined with physical activity on

163


https://doi.org/10.7554/eLife.68293
https://doi.org/10.1016/j.neurobiolaging.2008.08.022
https://doi.org/10.1016/j.bbr.2012.01.010
https://doi.org/10.1002/ana.410420514
https://doi.org/10.1016/j.physbeh.2010.12.003
https://doi.org/10.1016/j.bbr.2007.05.004

age-related brain atrophy: the Dietary Intervention Randomized Controlled Trial
Polyphenols Unprocessed Study (DIRECT PLUS). Am J Clin Nutr, 115(5), 1270-1281.

https://doi.org/10.1093/ajcn/ngac001

Kawasaki, T., & Kawai, T. (2014). Toll-like receptor signaling pathways. Front Immunol, 5,

461. https://doi.org/10.3389/fimmu.2014.00461

Kien, C. L., Bunn, J. Y., Fukagawa, N. K., Anathy, V., Matthews, D. E., Crain, K. ., Ebenstein,
D. B, Tarleton, E. K., Pratley, R. E., & Poynter, M. E. (2015). Lipidomic evidence that
lowering the typical dietary palmitate to oleate ratio in humans decreases the leukocyte

production of proinflammatory cytokines and muscle expression of redox-sensitive

genes. J Nutr Biochem, 26(12), 1599-1606. https://doi.org/10.1016/j.jnutbio.2015.07.014

Kim, D.-G., Krenz, A., Toussaint, L. E., Maurer, K. J., Robinson, S.-A., Yan, A., Torres, L., &
Bynoe, M. S. (2016). Non-alcoholic fatty liver disease induces signs of Alzheimer’s
disease (AD) in wild-type mice and accelerates pathological signs of AD in an AD

model. Journal of Neuroinflammation, 13(1), 1. https://doi.org/10.1186/s12974-015-

0467-5

Knight, E. M., Martins, 1. V., Glimiisgoz, S., Allan, S. M., & Lawrence, C. B. (2014). High-fat
diet-induced memory impairment in triple-transgenic Alzheimer's disease (3xTgAD)
mice is independent of changes in amyloid and tau pathology. Neurobiol Aging, 35(8),

1821-1832. https://doi.org/10.1016/j.neurobiolaging.2014.02.010

Kosmidis, M. H., Vlachos, G. S., Anastasiou, C. A., Yannakoulia, M., Dardiotis, E.,
Hadjigeorgiou, G., Sakka, P., Ntanasi, E., & Scarmeas, N. (2018). Dementia Prevalence
in Greece: The Hellenic Longitudinal Investigation of Aging and Diet (HELIAD).
Alzheimer Dis Assoc Disord, 32(3), 232-239.

https://doi.org/10.1097/wad.0000000000000249

164


https://doi.org/10.1093/ajcn/nqac001
https://doi.org/10.3389/fimmu.2014.00461
https://doi.org/10.1016/j.jnutbio.2015.07.014
https://doi.org/10.1186/s12974-015-0467-5
https://doi.org/10.1186/s12974-015-0467-5
https://doi.org/10.1016/j.neurobiolaging.2014.02.010
https://doi.org/10.1097/wad.0000000000000249

Kranjac, D., McLinden, K. A., Deodati, L. E., Papini, M. R., Chumley, M. J., & Boehm, G. W.
(2012). Peripheral bacterial endotoxin administration triggers both memory consolidation
and reconsolidation deficits in mice. Brain Behav Immun, 26(1), 109-121.

https://doi.org/10.1016/1.bbi.2011.08.005

Kuipers, R. S., Luxwolda, M. F., Offringa, P. J., Boersma, E. R., Dijck-Brouwer, D. A., &
Muskiet, F. A. (2012). Fetal intrauterine whole body linoleic, arachidonic and
docosahexaenoic acid contents and accretion rates. Prostaglandins Leukot Essent Fatty

Acids, 86(1-2), 13-20. https://doi.org/10.1016/j.plefa.2011.10.012

LaFerla, F. M., Green, K. N., & Oddo, S. (2007). Intracellular amyloid-beta in Alzheimer's

disease. Nat Rev Neurosci, 8(7), 499-509. https://doi.org/10.1038/nrn2168

LaFerla, F. M., & Oddo, S. (2005). Alzheimer's disease: Abeta, tau and synaptic dysfunction.

Trends Mol Med, 11(4), 170-176. https://doi.org/10.1016/;.molmed.2005.02.009
Latimer, C. S., Shively, C. A., Keene, C. D., Jorgensen, M. J., Andrews, R. N., Register, T. C.,
Montine, T. J., Wilson, A. M., Neth, B. J., Mintz, A., Maldjian, J. A., Whitlow, C. T.,
Kaplan, J. R., & Craft, S. (2019). A nonhuman primate model of early Alzheimer's
disease pathologic change: Implications for disease pathogenesis. Alzheimers Dement,

15(1), 93-105. https://doi.org/10.1016/j.jalz.2018.06.3057

Lauretti, E., [uliano, L., & Pratico, D. (2017). Extra-virgin olive oil ameliorates cognition and
neuropathology of the 3xTg mice: role of autophagy. Ann Clin Transl Neurol, 4(8), 564-

574. https://doi.org/10.1002/acn3.431

Lauritzen, L., & Carlson, S. E. (2011). Maternal fatty acid status during pregnancy and lactation
and relation to newborn and infant status. Matern Child Nutr, 7 Suppl 2(Suppl 2), 41-58.

https://doi.org/10.1111/5.1740-8709.2011.00303.x

165


https://doi.org/10.1016/j.bbi.2011.08.005
https://doi.org/10.1016/j.plefa.2011.10.012
https://doi.org/10.1038/nrn2168
https://doi.org/10.1016/j.molmed.2005.02.009
https://doi.org/10.1016/j.jalz.2018.06.3057
https://doi.org/10.1002/acn3.431
https://doi.org/10.1111/j.1740-8709.2011.00303.x

Lee, J. L., Everitt, B. J., & Thomas, K. L. (2004). Independent cellular processes for
hippocampal memory consolidation and reconsolidation. Science, 304(5672), 839-843.

https://doi.org/10.1126/science. 1095760

Lee,J. W., Lee, Y. K., Yuk, D. Y., Choi, D. Y., Ban, S. B., Oh, K. W., & Hong, J. T. (2008).
Neuro-inflammation induced by lipopolysaccharide causes cognitive impairment through
enhancement of beta-amyloid generation. J Neuroinflammation, 5, 37.

https://doi.org/10.1186/1742-2094-5-37

Lee,J. Y., Ye, J., Gao, Z., Youn, H. S., Lee, W. H., Zhao, L., Sizemore, N., & Hwang, D. H.
(2003). Reciprocal modulation of Toll-like receptor-4 signaling pathways involving
MyD88 and phosphatidylinositol 3-kinase/AKT by saturated and polyunsaturated fatty

acids. J Biol Chem, 278(39), 37041-37051. https://doi.org/10.1074/jbc.M305213200

Lee, S. H., Moore, L. V., Park, S., Harris, D. M., & Blanck, H. M. (2022). Adults Meeting Fruit
and Vegetable Intake Recommendations - United States, 2019. MMWR Morb Mortal

Wkly Rep, 71(1), 1-9. https://doi.org/10.15585/mmwr.mm7101al

Legrand, R., Nuemi, G., Poulain, M., & Manckoundia, P. (2021). Description of Lifestyle,
Including Social Life, Diet and Physical Activity, of People >90 years Living in Ikaria, a
Longevity Blue Zone. Int J Environ Res Public Health, 18(12).

https://doi.org/10.3390/ijerph18126602

Lenz, K. M., & Nelson, L. H. (2018). Microglia and Beyond: Innate Immune Cells As
Regulators of Brain Development and Behavioral Function. Front Immunol, 9, 698.

https://doi.org/10.3389/fimmu.2018.00698

Lépinay, A. L., Larrieu, T., Joffre, C., Acar, N., Garate, 1., Castanon, N., Ferreira, G., Langelier,
B., Guesnet, P., Brétillon, L., Parnet, P., Lay¢, S., & Darnaudéry, M. (2015). Perinatal

high-fat diet increases hippocampal vulnerability to the adverse effects of subsequent

166


https://doi.org/10.1126/science.1095760
https://doi.org/10.1186/1742-2094-5-37
https://doi.org/10.1074/jbc.M305213200
https://doi.org/10.15585/mmwr.mm7101a1
https://doi.org/10.3390/ijerph18126602
https://doi.org/10.3389/fimmu.2018.00698

high-fat feeding. Psychoneuroendocrinology, 53, 82-93.

https://doi.org/10.1016/i.psyneuen.2014.12.008

Li, Q. S., Sun, Y., & Wang, T. (2020). Epigenome-wide association study of Alzheimer’s disease
replicates 22 differentially methylated positions and 30 differentially methylated regions.

Clinical Epigenetics, 12(1), 149. https://doi.org/10.1186/s13148-020-00944-7

Li, X. Y., Liu, Y. H., Wang, B., Chen, C. Y., Zhang, H. M., & Kang, J. X. (2018). Identification
of a sustainable two-plant diet that effectively prevents age-related metabolic syndrome
and extends lifespan in aged mice. J Nutr Biochem, 51, 16-26.

https://doi.org/10.1016/1.jnutbio.2017.09.003

Li, Y., Lu, W., & Bu, G. (2005). Striking differences of LDL receptor-related protein 1B
expression in mouse and human. Biochem Biophys Res Commun, 333(3), 868-873.

https://doi.org/10.1016/1.bbrc.2005.05.170

Lim, G. P., Calon, F., Morihara, T., Yang, F., Teter, B., Ubeda, O., Salem, N., Jr., Frautschy, S.
A., & Cole, G. M. (2005). A diet enriched with the omega-3 fatty acid docosahexaenoic
acid reduces amyloid burden in an aged Alzheimer mouse model. J Neurosci, 25(12),

3032-3040. https://doi.org/10.1523/jneurosci.4225-04.2005

Lin, B., Hasegawa, Y., Takane, K., Koibuchi, N., Cao, C., & Kim-Mitsuyama, S. (2016). High-
Fat-Diet Intake Enhances Cerebral Amyloid Angiopathy and Cognitive Impairment in a
Mouse Model of Alzheimer's Disease, Independently of Metabolic Disorders. J Am Heart

Assoc, 5(6). https://doi.org/10.1161/jaha.115.003154

Lindeman, G. J., Dagnino, L., Gaubatz, S., Xu, Y., Bronson, R. T., Warren, H. B., & Livingston,
D. M. (1998). A specific, nonproliferative role for E2F-5 in choroid plexus function
revealed by gene targeting. Genes Dev, 12(8), 1092-1098.

https://doi.org/10.1101/gad.12.8.1092

167


https://doi.org/10.1016/j.psyneuen.2014.12.008
https://doi.org/10.1186/s13148-020-00944-z
https://doi.org/10.1016/j.jnutbio.2017.09.003
https://doi.org/10.1016/j.bbrc.2005.05.170
https://doi.org/10.1523/jneurosci.4225-04.2005
https://doi.org/10.1161/jaha.115.003154
https://doi.org/10.1101/gad.12.8.1092

Liu, C, Li, P, Li, H., Wang, S., Ding, L., Wang, H., Ye, H., Jin, Y., Hou, J., Fang, X., & Shu, Q.
(2019). TREM2 regulates obesity-induced insulin resistance via adipose tissue
remodeling in mice of high-fat feeding. J Trans! Med, 17(1), 300.

https://doi.org/10.1186/s12967-019-2050-9

Liu, P. P, Xie, Y., Meng, X. Y., & Kang, J. S. (2019). History and progress of hypotheses and
clinical trials for Alzheimer's disease. Signal Transduct Target Ther, 4, 29.

https://doi.org/10.1038/s41392-019-0063-8

Liu, S., Liu, Y., Hao, W., Wolf, L., Kiliaan, A. J., Penke, B., Riibe, C. E., Walter, J., Heneka, M.
T., Hartmann, T., Menger, M. D., & Fassbender, K. (2012). TLR2 is a primary receptor
for Alzheimer's amyloid B peptide to trigger neuroinflammatory activation. J Immunol,

188(3), 1098-1107. https://doi.org/10.4049/jimmunol. 1101121

Liu, T., Zhang, L., Joo, D., & Sun, S.-C. (2017). NF-«xB signaling in inflammation. Signal
Transduction and Targeted Therapy, 2(1), 17023.

https://doi.org/10.1038/sigtrans.2017.23

Liu, X, Li, X., Xia, B., Jin, X., Zou, Q., Zeng, Z., Zhao, W., Yan, S., Li, L., Yuan, S., Zhao, S.,
Dai, X., Yin, F., Cadenas, E., Liu, R. H., Zhao, B., Hou, M., Liu, Z., & Liu, X. (2021).
High-fiber diet mitigates maternal obesity-induced cognitive and social dysfunction in the
offspring via gut-brain axis. Cell Metab, 33(5), 923-938.€926.

https://doi.org/10.1016/j.cmet.2021.02.002

Liu, Y., Fu, X., Lan, N., Li, S., Zhang, J., Wang, S., Li, C., Shang, Y., Huang, T., & Zhang, L.
(2014). Luteolin protects against high fat diet-induced cognitive deficits in obesity mice.

Behav Brain Res, 267, 178-188. https://doi.org/10.1016/1.bbr.2014.02.040

Livingston, G., Huntley, J., Sommerlad, A., Ames, D., Ballard, C., Banerjee, S., Brayne, C.,

Burns, A., Cohen-Mansfield, J., Cooper, C., Costafreda, S. G., Dias, A., Fox, N., Gitlin,

168


https://doi.org/10.1186/s12967-019-2050-9
https://doi.org/10.1038/s41392-019-0063-8
https://doi.org/10.4049/jimmunol.1101121
https://doi.org/10.1038/sigtrans.2017.23
https://doi.org/10.1016/j.cmet.2021.02.002
https://doi.org/10.1016/j.bbr.2014.02.040

L. N., Howard, R., Kales, H. C., Kiviméki, M., Larson, E. B., Ogunniyi, A., . ..
Mukadam, N. (2020). Dementia prevention, intervention, and care: 2020 report of the

Lancet Commission. Lancet, 396(10248), 413-446. https://doi.org/10.1016/s0140-

6736(20)30367-6

Lrp1b low density lipoprotein-related protein 1B [ Mus musculus (house mouse) ]. (2023).

National Library of Medicine. https://www.ncbi.nlm.nih.gov/gene/94217

Lrrc49 leucine rich repeat containing 49 [ Mus musculus (house mouse) |. (2023). National

Library of Medicine

. https://www.ncbi.nlm.nih.gov/gene/102747/

Luccarini, I., Ed Dami, T., Grossi, C., Rigacci, S., Stefani, M., & Casamenti, F. (2014).
Oleuropein aglycone counteracts AB42 toxicity in the rat brain. Neurosci Lett, 558, 67-

72. https://doi.org/10.1016/j.neulet.2013.10.062

Luchtman, D. W., & Song, C. (2013). Cognitive enhancement by omega-3 fatty acids from
child-hood to old age: findings from animal and clinical studies. Neuropharmacology, 64,

550-565. https://doi.org/10.1016/j.neuropharm.2012.07.019

Lukiw, W. J., Cui, J. G., Marcheselli, V. L., Bodker, M., Botkjaer, A., Gotlinger, K., Serhan, C.
N., & Bazan, N. G. (2005). A role for docosahexaenoic acid-derived neuroprotectin D1 in
neural cell survival and Alzheimer disease. J Clin Invest, 115(10), 2774-2783.

https://doi.org/10.1172/ici25420

Macdonald, T. T., & Monteleone, G. (2005). Immunity, inflammation, and allergy in the gut.

Science, 307(5717), 1920-1925. https://doi.org/10.1126/science.1106442

Magnusson, K. R., Hauck, L., Jeffrey, B. M., Elias, V., Humphrey, A., Nath, R., Perrone, A., &

Bermudez, L. E. (2015). Relationships between diet-related changes in the gut

169


https://doi.org/10.1016/s0140-6736(20)30367-6
https://doi.org/10.1016/s0140-6736(20)30367-6
https://www.ncbi.nlm.nih.gov/gene/94217
https://www.ncbi.nlm.nih.gov/gene/102747/
https://doi.org/10.1016/j.neulet.2013.10.062
https://doi.org/10.1016/j.neuropharm.2012.07.019
https://doi.org/10.1172/jci25420
https://doi.org/10.1126/science.1106442

microbiome and cognitive flexibility. Neuroscience, 300, 128-140.

https://doi.org/10.1016/j.neuroscience.2015.05.016

Maier, S. F., & Watkins, L. R. (1998). Cytokines for psychologists: implications of bidirectional
immune-to-brain communication for understanding behavior, mood, and cognition.

Psychol Rev, 105(1), 83-107. https://doi.org/10.1037/0033-295x.105.1.83

Marchlewicz, E., McCabe, C., Djuric, Z., Hoenerhoff, M., Barks, J., Tang, L., Song, P. X.,
Peterson, K., Padmanabhan, V., & Dolinoy, D. C. (2022). Gestational exposure to high
fat diets and bisphenol A alters metabolic outcomes in dams and offspring, but produces
hepatic steatosis only in dams. Chemosphere, 286(Pt 2), 131645.

https://doi.org/10.1016/j.chemosphere.2021.131645

Martinez-Lapiscina, E. H., Clavero, P., Toledo, E., Estruch, R., Salas-Salvadd, J., San Julian, B.,
Sanchez-Tainta, A., Ros, E., Valls-Pedret, C., & Martinez-Gonzalez, M. (2013).
Mediterranean diet improves cognition: the PREDIMED-NAVARRA randomised trial. J

Neurol Neurosurg Psychiatry, 84(12), 1318-1325. https://doi.org/10.1136/jnnp-2012-

304792

McKeown, N. M., Meigs, J. B., Liu, S., Saltzman, E., Wilson, P. W., & Jacques, P. F. (2004).
Carbohydrate nutrition, insulin resistance, and the prevalence of the metabolic syndrome
in the Framingham Offspring Cohort. Diabetes Care, 27(2), 538-546.

https://doi.org/10.2337/diacare.27.2.538

Miketinas, D., Tucker, W., Patterson, M., & Douglas, C. (2021). Usual Dietary Fiber Intake in
US Adults with Diabetes: NHANES 2013-2018. Curr Dev Nutr, 5(Suppl 2), 1061.

https://doi.org/10.1093/cdn/nzab053 054

170


https://doi.org/10.1016/j.neuroscience.2015.05.016
https://doi.org/10.1037/0033-295x.105.1.83
https://doi.org/10.1016/j.chemosphere.2021.131645
https://doi.org/10.1136/jnnp-2012-304792
https://doi.org/10.1136/jnnp-2012-304792
https://doi.org/10.2337/diacare.27.2.538
https://doi.org/10.1093/cdn/nzab053_054

Miranda, M., Morici, J. F., Zanoni, M. B., & Bekinschtein, P. (2019). Brain-Derived
Neurotrophic Factor: A Key Molecule for Memory in the Healthy and the Pathological

Brain. Front Cell Neurosci, 13, 363. https://doi.org/10.3389/fncel.2019.00363

Mischke, M., Pruis, M. G., Boekschoten, M. V., Groen, A. K., Fitri, A. R., van de Heijning, B.
J., Verkade, H. J., Miiller, M., Plosch, T., & Steegenga, W. T. (2013). Maternal Western-
style high fat diet induces sex-specific physiological and molecular changes in two-week-
old mouse offspring. PLoS One, 8(11), €78623.

https://doi.org/10.1371/journal.pone.0078623

Molteni, R., Barnard, R. J., Ying, Z., Roberts, C. K., & Gomez-Pinilla, F. (2002). A high-fat,
refined sugar diet reduces hippocampal brain-derived neurotrophic factor, neuronal

plasticity, and learning. Neuroscience, 112(4), 803-814. https://doi.org/10.1016/s0306-

4522(02)00123-9

Montonen, J., Boeing, H., Fritsche, A., Schleicher, E., Joost, H. G., Schulze, M. B., Steffen, A.,
& Pischon, T. (2013). Consumption of red meat and whole-grain bread in relation to
biomarkers of obesity, inflammation, glucose metabolism and oxidative stress. Eur J

Nutr, 52(1), 337-345. https://doi.org/10.1007/s00394-012-0340-6

Moreira, A. P., Texeira, T. F., Ferreira, A. B., Peluzio Mdo, C., & Alfenas Rde, C. (2012).
Influence of a high-fat diet on gut microbiota, intestinal permeability and metabolic

endotoxaemia. Br J Nutr, 108(5), 801-809. https://doi.org/10.1017/s0007114512001213

Moreton, E., Baron, P., Tiplady, S., McCall, S., Clifford, B., Langley-Evans, S. C., Fone, K. C.
F., & Voigt, J. P. (2019). Impact of early exposure to a cafeteria diet on prefrontal cortex
monoamines and novel object recognition in adolescent rats. Behavioural Brain

Research, 363, 191-198. https://doi.org/https://doi.org/10.1016/1.bbr.2019.02.003

171


https://doi.org/10.3389/fncel.2019.00363
https://doi.org/10.1371/journal.pone.0078623
https://doi.org/10.1016/s0306-4522(02)00123-9
https://doi.org/10.1016/s0306-4522(02)00123-9
https://doi.org/10.1007/s00394-012-0340-6
https://doi.org/10.1017/s0007114512001213
https://doi.org/https:/doi.org/10.1016/j.bbr.2019.02.003

Morris, M. C., & Tangney, C. C. (2014). Dietary fat composition and dementia risk. Neurobiol

Aging, 35 Suppl 2, S59-64. https://doi.org/10.1016/j.neurobiolaging.2014.03.038

Mosconi, L., Murray, J., Tsui, W. H., Li, Y., Davies, M., Williams, S., Pirraglia, E., Spector, N.,
Osorio, R. S., Glodzik, L., McHugh, P., & de Leon, M. J. (2014). Mediterranean Diet and
Magnetic Resonance Imaging-Assessed Brain Atrophy in Cognitively Normal
Individuals at Risk for Alzheimer's Disease. J Prev Alzheimers Dis, 1(1), 23-32.

Moser, V. A., Uchoa, M. F., & Pike, C. J. (2018). TLR4 inhibitor TAK-242 attenuates the
adverse neural effects of diet-induced obesity. J Neuroinflammation, 15(1), 306.

https://doi.org/10.1186/s12974-018-1340-0

Mozaffarian, D., Micha, R., & Wallace, S. (2010). Effects on coronary heart disease of
increasing polyunsaturated fat in place of saturated fat: a systematic review and meta-
analysis of randomized controlled trials. PLoS Med, 7(3), €1000252.

https://doi.org/10.1371/journal.pmed.1000252

Naderali, E. K., Ratcliffe, S. H., & Dale, M. C. (2009). Obesity and Alzheimer's disease: a link
between body weight and cognitive function in old age. Am J Alzheimers Dis Other

Demen, 24(6), 445-449. https://doi.org/10.1177/1533317509348208

Nakajima, S., Fukasawa, K., Gotoh, M., Murakami-Murofushi, K., & Kunugi, H. (2020).
Saturated fatty acid is a principal cause of anxiety-like behavior in diet-induced obese
rats in relation to serum lysophosphatidyl choline level. Int J Obes (Lond), 44(3), 727-

738. https://doi.org/10.1038/s41366-019-0468-z

Nardiello, P., Pantano, D., Lapucci, A., Stefani, M., & Casamenti, F. (2018). Diet
Supplementation with Hydroxytyrosol Ameliorates Brain Pathology and Restores
Cognitive Functions in a Mouse Model of Amyloid-§ Deposition. J Alzheimers Dis,

63(3), 1161-1172. https://doi.org/10.3233/jad-171124

172


https://doi.org/10.1016/j.neurobiolaging.2014.03.038
https://doi.org/10.1186/s12974-018-1340-0
https://doi.org/10.1371/journal.pmed.1000252
https://doi.org/10.1177/1533317509348208
https://doi.org/10.1038/s41366-019-0468-z
https://doi.org/10.3233/jad-171124

Nelson, J. F., Felicio, L. S., Osterburg, H. H., & Finch, C. E. (1981). Altered Profiles of Estradiol
and Progesterone Associated with Prolonged Estrous Cycles and Persistent Vaginal
Cornification in Aging C578L/6] Micel. Biology of Reproduction, 24(4), 784-794.

https://doi.org/10.1095/biolreprod24.4.784

Newcombe, E. A., Camats-Perna, J., Silva, M. L., Valmas, N., Huat, T. J., & Medeiros, R.
(2018). Inflammation: the link between comorbidities, genetics, and Alzheimer's disease.

J Neuroinflammation, 15(1), 276. https://doi.org/10.1186/s12974-018-1313-3

NINI/RPN12 binding protein 1 homolog [ Mus musculus (house mouse) |. (2023). National

Library of Medicine https://www.ncbi.nlm.nih.gov/gene/67619

Nutrient intakes from food and beverages: mean amounts consumed per individual, by gender

and age, What We Eat in America, NHANES 2013-2014. . (2016).

https://www.ars.usda.gov/arsuserfiles/80400530/pdf/1314/table 1 nin_gen_13.pdf
Oksman, M., livonen, H., Hogyes, E., Amtul, Z., Penke, B., Leenders, I., Broersen, L.,
Liitjohann, D., Hartmann, T., & Tanila, H. (2006). Impact of different saturated fatty
acid, polyunsaturated fatty acid and cholesterol containing diets on beta-amyloid
accumulation in APP/PS1 transgenic mice. Neurobiol Dis, 23(3), 563-572.

https://doi.org/10.1016/1.nbd.2006.04.013

Omar, S. H., Scott, C. J., Hamlin, A. S., & Obied, H. K. (2017). The protective role of plant
biophenols in mechanisms of Alzheimer's disease. J Nutr Biochem, 47, 1-20.

https://doi.org/10.1016/1.jnutbi0.2017.02.016

Onufriev, M. V., Uzakov, S. S., Freiman, S. V., Stepanichev, M. Y., Moiseeva, Y. V., Lazareva,
N. A., Markevich, V. A., & Gulyaeva, N. V. (2018). The Dorsal and Ventral

Hippocampus Have Different Reactivities to Proinflammatory Stress: Corticosterone

173


https://doi.org/10.1095/biolreprod24.4.784
https://doi.org/10.1186/s12974-018-1313-3
https://www.ncbi.nlm.nih.gov/gene/67619
https://www.ars.usda.gov/arsuserfiles/80400530/pdf/1314/table_1_nin_gen_13.pdf
https://doi.org/10.1016/j.nbd.2006.04.013
https://doi.org/10.1016/j.jnutbio.2017.02.016

Levels, Cytokine Expression, and Synaptic Plasticity. Neuroscience and Behavioral

Physiology, 48(8), 1024-1031. https://doi.org/10.1007/s11055-018-0665-6

Page, K. C., Jones, E. K., & Anday, E. K. (2014). Maternal and postweaning high-fat diets
disturb hippocampal gene expression, learning, and memory function. Am J Physiol
Regul Integr Comp Physiol, 306(8), R527-537.

https://doi.org/10.1152/ajpregu.00319.2013

Panagiotakos, D. B., Chrysohoou, C., Siasos, G., Zisimos, K., Skoumas, J., Pitsavos, C., &
Stefanadis, C. (2011). Sociodemographic and lifestyle statistics of oldest old people (>80
years) living in ikaria island: the ikaria study. Cardiol Res Pract, 2011, 679187.

https://doi.org/10.4061/2011/679187

Parham, P. (2013). The Immune System (N. C. Publishing, Ed. 4th ed.).
Parnet, P., Kelley, K. W., Bluthé, R. M., & Dantzer, R. (2002). Expression and regulation of
interleukin-1 receptors in the brain. Role in cytokines-induced sickness behavior. J

Neuroimmunol, 125(1-2), 5-14. https://doi.org/10.1016/s0165-5728(02)00022-x

Peleg-Raibstein, D., Luca, E., & Wolfrum, C. (2012). Maternal high-fat diet in mice programs
emotional behavior in adulthood. Behav Brain Res, 233(2), 398-404.

https://doi.org/10.1016/1.bbr.2012.05.027

Pepeu, G., & Grazia Giovannini, M. (2017). The fate of the brain cholinergic neurons in
neurodegenerative diseases. Brain Res, 1670, 173-184.

https://doi.org/10.1016/j.brainres.2017.06.023

Pereira-Silva, D. C., Machado-Silva, R. P., Castro-Pinheiro, C., & Fernandes-Santos, C. (2019).
Does gender influence cardiovascular remodeling in C57BL/6J mice fed a high-fat, high-
sucrose and high-salt diet? Int J Exp Pathol, 100(3), 153-160.

https://doi.org/10.1111/iep.12318

174


https://doi.org/10.1007/s11055-018-0665-6
https://doi.org/10.1152/ajpregu.00319.2013
https://doi.org/10.4061/2011/679187
https://doi.org/10.1016/s0165-5728(02)00022-x
https://doi.org/10.1016/j.bbr.2012.05.027
https://doi.org/10.1016/j.brainres.2017.06.023
https://doi.org/10.1111/iep.12318

Perez, S. E., Berg, B. M., Moore, K. A., He, B., Counts, S. E., Fritz, J. J., Hu, Y. S., Lazarov, O.,
Lah, J. J., & Mufson, E. J. (2010). DHA diet reduces AD pathology in young
APPswe/PS1 Delta E9 transgenic mice: possible gender effects. J Neurosci Res, 88(5),

1026-1040. https://doi.org/10.1002/inr.22266

Pérez-Caniamads, A., Sarroca, S., Melero-Jerez, C., Porquet, D., Sansa, J., Knafo, S., Esteban, J.
A., Sanfeliu, C., & Ledesma, M. D. (2016). A diet enriched with plant sterols prevents
the memory impairment induced by cholesterol loss in senescence-accelerated mice.
Neurobiology of Aging, 48, 1-12.

https://doi.org/https://doi.org/10.1016/j.neurobiolaging.2016.08.009

Petursdottir, A. L., Farr, S. A., Morley, J. E., Banks, W. A., & Skuladottir, G. V. (2008). Effect
of dietary n-3 polyunsaturated fatty acids on brain lipid fatty acid composition, learning
ability, and memory of senescence-accelerated mouse. J Gerontol A Biol Sci Med Sci,

63(11), 1153-1160. https://doi.org/10.1093/gerona/63.11.1153

Pezzi, J. C., Ens, C. M., Borba, E. M., Schumacher-Schuh, A. F., de Andrade, F. M., Chaves, M.
L., Fiegenbaum, M., & Camozzato, A. L. (2014). DNA methyltransferase haplotype is
associated with Alzheimer's disease. Neurosci Lett, 579, 70-74.

https://doi.org/10.1016/j.neulet.2014.07.013

Phillips, M. A., Childs, C. E., Calder, P. C., & Rogers, P. J. (2012). Lower omega-3 fatty acid
intake and status are associated with poorer cognitive function in older age: A
comparison of individuals with and without cognitive impairment and Alzheimer's
disease. Nutr Neurosci, 15(6), 271-277.

https://doi.org/10.1179/1476830512y.0000000026

Piazzi, G., Prossomariti, A., Baldassarre, M., Montagna, C., Vitaglione, P., Fogliano, V., Biagi,

E., Candela, M., Brigidi, P., Balbi, T., Munarini, A., Belluzzi, A., Pariali, M., Bazzoli, F.,

175


https://doi.org/10.1002/jnr.22266
https://doi.org/https:/doi.org/10.1016/j.neurobiolaging.2016.08.009
https://doi.org/10.1093/gerona/63.11.1153
https://doi.org/10.1016/j.neulet.2014.07.013
https://doi.org/10.1179/1476830512y.0000000026

& Ricciardiello, L. (2019). A Mediterranean Diet Mix Has Chemopreventive Effects in a
Murine Model of Colorectal Cancer Modulating Apoptosis and the Gut Microbiota. Front

Oncol, 9, 140. https://doi.org/10.3389/fonc.2019.00140

Pickering, M., Cumiskey, D., & O'Connor, J. J. (2005). Actions of TNF-a on glutamatergic
synaptic transmission in the central nervous system. Experimental physiology, 90(5),
663-670.

Pistell, P. J., Morrison, C. D., Gupta, S., Knight, A. G., Keller, J. N., Ingram, D. K., & Bruce-
Keller, A. J. (2010). Cognitive impairment following high fat diet consumption is
associated with brain inflammation. J Neuroimmunol, 219(1-2), 25-32.

https://doi.org/10.1016/j.jneuroim.2009.11.010

Pluta, R., Ulamek-Koziot, M., Januszewski, S., & Czuczwar, S. J. (2020). Gut microbiota and
pro/prebiotics in Alzheimer's disease. Aging (Albany NY), 12(6), 5539-5550.

https://doi.org/10.18632/aging.102930

Pontifex, M. G., Martinsen, A., Saleh, R. N. M., Harden, G., Fox, C., Muller, M., Vauzour, D., &
Minihane, A.-M. (2022). DHA-Enriched Fish Oil Ameliorates Deficits in Cognition
Associated with Menopause and the APOE4 Genotype in Rodents. Nutrients, 14(9),

1698. https://www.mdpi.com/2072-6643/14/9/1698

Pontifex, M. G., Martinsen, A., Saleh, R. N. M., Harden, G., Tejera, N., Miiller, M., Fox, C.,
Vauzour, D., & Minihane, A. M. (2021). APOE4 genotype exacerbates the impact of
menopause on cognition and synaptic plasticity in APOE-TR mice. Faseb j, 35(5),

€21583. https://doi.org/10.1096/11.202002621RR

Poppitt, S. D., Keogh, G. F., Lithander, F. E., Wang, Y., Mulvey, T. B., Chan, Y. K., McArdle,

B. H., & Cooper, G. J. (2008). Postprandial response of adiponectin, interleukin-6, tumor

176


https://doi.org/10.3389/fonc.2019.00140
https://doi.org/10.1016/j.jneuroim.2009.11.010
https://doi.org/10.18632/aging.102930
https://www.mdpi.com/2072-6643/14/9/1698
https://doi.org/10.1096/fj.202002621RR

necrosis factor-alpha, and C-reactive protein to a high-fat dietary load. Nutrition, 24(4),

322-329. https://doi.org/10.1016/j.nut.2007.12.012

Poulimeneas, D., Anastasiou, C. A., Santos, 1., Hill, J. O., Panagiotakos, D. B., & Yannakoulia,
M. (2020). Exploring the relationship between the Mediterranean diet and weight loss
maintenance: the MedWeight study. Br J Nutr, 124(8), 874-880.

https://doi.org/10.1017/s0007114520001798

Prasad, M. R., Lovell, M. A., Yatin, M., Dhillon, H., & Markesbery, W. R. (1998). Regional
membrane phospholipid alterations in Alzheimer's disease. Neurochem Res, 23(1), 81-88.

https://doi.org/10.1023/a:1022457605436

Pugh, C. R., Kumagawa, K., Fleshner, M., Watkins, L. R., Maier, S. F., & Rudy, J. W. (1998).
Selective effects of peripheral lipopolysaccharide administration on contextual and
auditory-cue fear conditioning. Brain Behav Immun, 12(3), 212-229.

https://doi.org/10.1006/brbi.1998.0524

in, B., Adair, L. S., Plassman, B. L., Batis, C., Edwards, L. J., Popkin, B. M., & Mendez, M. A.
p
(2015). Dietary Patterns and Cognitive Decline Among Chinese Older Adults.

Epidemiology, 26(5), 758-768. https://doi.org/10.1097/ede.0000000000000338

Qosa, H., Mohamed, L. A., Batarseh, Y. S., Algahtani, S., Ibrahim, B., LeVine, H., 3rd, Keller, J.
N., & Kaddoumi, A. (2015). Extra-virgin olive oil attenuates amyloid-} and tau
pathologies in the brains of TgSwDI mice. J Nutr Biochem, 26(12), 1479-1490.

https://doi.org/10.1016/1.jnutbi0.2015.07.022

Raatz, S. K., Conrad, Z., Johnson, L. K., Picklo, M. J., & Jahns, L. (2017). Relationship of the
Reported Intakes of Fat and Fatty Acids to Body Weight in US Adults. Nutrients, 9(5).

https://doi.org/10.3390/nu9050438

177


https://doi.org/10.1016/j.nut.2007.12.012
https://doi.org/10.1017/s0007114520001798
https://doi.org/10.1023/a:1022457605436
https://doi.org/10.1006/brbi.1998.0524
https://doi.org/10.1097/ede.0000000000000338
https://doi.org/10.1016/j.jnutbio.2015.07.022
https://doi.org/10.3390/nu9050438

Rainey-Smith, S. R., Gu, Y., Gardener, S. L., Doecke, J. D., Villemagne, V. L., Brown, B. M.,
Taddei, K., Laws, S. M., Sohrabi, H. R., Weinborn, M., Ames, D., Fowler, C., Macaulay,
S. L., Maruff, P., Masters, C. L., Salvado, O., Rowe, C. C., Scarmeas, N., & Martins, R.
N. (2018). Mediterranean diet adherence and rate of cerebral AB-amyloid accumulation:
Data from the Australian Imaging, Biomarkers and Lifestyle Study of Ageing. Trans/

Psychiatry, 8(1), 238. https://doi.org/10.1038/s41398-018-0293-5

Recena Aydos, L., Aparecida do Amaral, L., Serafim de Souza, R., Jacobowski, A. C., Freitas
Dos Santos, E., & Rodrigues Macedo, M. L. (2019). Nonalcoholic Fatty Liver Disease
Induced by High-Fat Diet in C57bl/6 Models. Nutrients, 11(12).

https://doi.org/10.3390/nul1123067

Rincon-Cervera, M. A., Valenzuela, R., Hernandez-Rodas, M. C., Marambio, M., Espinosa, A.,
Mayer, S., Romero, N., Barrera, M. S. C., Valenzuela, A., & Videla, L. A. (2016).
Supplementation with antioxidant-rich extra virgin olive oil prevents hepatic oxidative
stress and reduction of desaturation capacity in mice fed a high-fat diet: Effects on fatty
acid composition in liver and extrahepatic tissues. Nutrition, 32(11-12), 1254-1267.

https://doi.org/10.1016/1.nut.2016.04.006

Rutkowsky, J. M., Lee, L. L., Puchowicz, M., Golub, M. S., Befroy, D. E., Wilson, D. W.,
Anderson, S., Cline, G., Bini, J., Borkowski, K., Knotts, T. A., & Rutledge, J. C. (2018).
Reduced cognitive function, increased blood-brain-barrier transport and inflammatory
responses, and altered brain metabolites in LDLr -/-and C57BL/6 mice fed a western diet.

PLoS One, 13(2), €0191909. https://doi.org/10.1371/journal.pone.0191909

Ryan, M. C., Itsiopoulos, C., Thodis, T., Ward, G., Trost, N., Hofferberth, S., O'Dea, K.,

Desmond, P. V., Johnson, N. A., & Wilson, A. M. (2013). The Mediterranean diet

178


https://doi.org/10.1038/s41398-018-0293-5
https://doi.org/10.3390/nu11123067
https://doi.org/10.1016/j.nut.2016.04.006
https://doi.org/10.1371/journal.pone.0191909

improves hepatic steatosis and insulin sensitivity in individuals with non-alcoholic fatty

liver disease. J Hepatol, 59(1), 138-143. https://doi.org/10.1016/j.1hep.2013.02.012

Sanchez-Villegas, A., Bes-Rastrollo, M., Martinez-Gonzalez, M. A., & Serra-Majem, L. (20006).
Adherence to a Mediterranean dietary pattern and weight gain in a follow-up study: the

SUN cohort. Int J Obes (Lond), 30(2), 350-358. https://doi.org/10.1038/s].1j0.0803118

Sanchez-Villegas, A., Galbete, C., Martinez-Gonzalez, M. A., Martinez, J. A., Razquin, C.,
Salas-Salvado, J., Estruch, R., Buil-Cosiales, P., & Marti, A. (2011). The effect of the
Mediterranean diet on plasma brain-derived neurotrophic factor (BDNF) levels: The
PREDIMED-NAVARRA randomized trial. Nutritional Neuroscience, 14(5), 195-201.

https://doi.org/10.1179/1476830511Y.0000000011

Sasaki, A., de Vega, W., Sivanathan, S., St-Cyr, S., & McGowan, P. O. (2014). Maternal high-
fat diet alters anxiety behavior and glucocorticoid signaling in adolescent offspring.

Neuroscience, 272, 92-101. https://doi.org/10.1016/j.neuroscience.2014.04.012

Sasaki, A., de Vega, W. C., St-Cyr, S., Pan, P., & McGowan, P. O. (2013). Perinatal high fat diet
alters glucocorticoid signaling and anxiety behavior in adulthood. Neuroscience, 240, 1-

12. https://doi.org/10.1016/j.neuroscience.2013.02.044

Scarmeas, N., Stern, Y., Mayeux, R., Manly, J. J., Schupf, N., & Luchsinger, J. A. (2009).
Mediterranean diet and mild cognitive impairment. Arch Neurol, 66(2), 216-225.

https://doi.org/10.1001/archneurol.2008.536

Schnydrig, S., Korner, L., Landweer, S., Ernst, B., Walker, G., Otten, U., & Kunz, D. (2007).
Peripheral lipopolysaccharide administration transiently affects expression of brain-
derived neurotrophic factor, corticotropin and proopiomelanocortin in mouse brain.

Neurosci Lett, 429(1), 69-73. https://doi.org/10.1016/j.neulet.2007.09.067

179


https://doi.org/10.1016/j.jhep.2013.02.012
https://doi.org/10.1038/sj.ijo.0803118
https://doi.org/10.1179/1476830511Y.0000000011
https://doi.org/10.1016/j.neuroscience.2014.04.012
https://doi.org/10.1016/j.neuroscience.2013.02.044
https://doi.org/10.1001/archneurol.2008.536
https://doi.org/10.1016/j.neulet.2007.09.067

Schréder, H., Marrugat, J., Vila, J., Covas, M. L., & Elosua, R. (2004). Adherence to the
traditional mediterranean diet is inversely associated with body mass index and obesity in

a spanish population. J Nutr, 134(12), 3355-3361. https://doi.org/10.1093/jn/134.12.3355

Schulze, M. B., Liu, S., Rimm, E. B., Manson, J. E., Willett, W. C., & Hu, F. B. (2004).
Glycemic index, glycemic load, and dietary fiber intake and incidence of type 2 diabetes
in younger and middle-aged women. Am J Clin Nutr, 80(2), 348-356.

https://doi.org/10.1093/ajcn/80.2.348

Segovia, S. A., Vickers, M. H., & Reynolds, C. M. (2017). The impact of maternal obesity on
inflammatory processes and consequences for later offspring health outcomes. J Dev

Orig Health Dis, 8(5), 529-540. https://doi.org/10.1017/s2040174417000204

Seibenhener, M. L., & Wooten, M. C. (2015). Use of the Open Field Maze to measure locomotor

and anxiety-like behavior in mice. J Vis Exp(96), €52434. https://doi.org/10.3791/52434
Seixas da Silva, G. S., Melo, H. M., Lourenco, M. V., Lyra, E. S. N. M., de Carvalho, M. B.,
Alves-Leon, S. V., de Souza, J. M., Klein, W. L., da-Silva, W. S., Ferreira, S. T., & De
Felice, F. G. (2017). Amyloid-f oligomers transiently inhibit AMP-activated kinase and
cause metabolic defects in hippocampal neurons. J Biol Chem, 292(18), 7395-7406.

https://doi.org/10.1074/ibc.M116.753525

Seo, S. W., Gottesman, R. F., Clark, J. M., Hernaez, R., Chang, Y., Kim, C., Ha, K. H., Guallar,
E., & Lazo, M. (2016). Nonalcoholic fatty liver disease is associated with cognitive
function in adults. Neurology, 8§6(12), 1136-1142.

https://doi.org/10.1212/wnl.0000000000002498

Shan, Z., Rehm, C. D., Rogers, G., Ruan, M., Wang, D. D., Hu, F. B., Mozaffarian, D., Zhang, F.

F., & Bhupathiraju, S. N. (2019). Trends in Dietary Carbohydrate, Protein, and Fat Intake

180


https://doi.org/10.1093/jn/134.12.3355
https://doi.org/10.1093/ajcn/80.2.348
https://doi.org/10.1017/s2040174417000204
https://doi.org/10.3791/52434
https://doi.org/10.1074/jbc.M116.753525
https://doi.org/10.1212/wnl.0000000000002498

and Diet Quality Among US Adults, 1999-2016. Jama, 322(12), 1178-1187.

https://doi.org/10.1001/jama.2019.13771

Sharman, M. J., Gyengesi, E., Liang, H., Chatterjee, P., Karl, T., Li, Q. X., Wenk, M. R.,
Halliwell, B., Martins, R. N., & Miinch, G. (2019). Assessment of diets containing
curcumin, epigallocatechin-3-gallate, docosahexaenoic acid and a-lipoic acid on amyloid
load and inflammation in a male transgenic mouse model of Alzheimer's disease: Are
combinations more effective? Neurobiol Dis, 124, 505-519.

https://doi.org/10.1016/1.nbd.2018.11.026

Shepherd, J. K., Grewal, S. S., Fletcher, A., Bill, D. J., & Dourish, C. T. (1994). Behavioural and
pharmacological characterisation of the elevated "zero-maze" as an animal model of
anxiety. Psychopharmacology(116), 56-64.

Shi, Y., & Holtzman, D. M. (2018). Interplay between innate immunity and Alzheimer disease:
APOE and TREM2 in the spotlight. Nat Rev Immunol, 18(12), 759-772.

https://doi.org/10.1038/s41577-018-0051-1

Shively, C. A., Appt, S. E., Chen, H., Day, S. M., Frye, B. M., Shaltout, H. A., Silverstein-
Metzler, M. G., Snyder-Mackler, N., Uberseder, B., Vitolins, M. Z., & Register, T. C.
(2020). Mediterranean diet, stress resilience, and aging in nonhuman primates. Neurobiol

Stress, 13, 100254. https://doi.org/10.1016/j.ynstr.2020.100254

Shively, C. A., Appt, S. E., Vitolins, M. Z., Uberseder, B., Michalson, K. T., Silverstein-Metzler,
M. G., & Register, T. C. (2019). Mediterranean versus Western Diet Effects on Caloric

Intake, Obesity, Metabolism, and Hepatosteatosis in Nonhuman Primates. Obesity (Silver

Spring), 27(5), 777-784. https://doi.org/10.1002/0by.22436

Shively, C. A., Frye, B. M., Register, T. C., Andrews, R. N., Appt, S. E., Vitolins, M. Z.,

Uberseder, B., Silverstein-Metzler, M. G., Chen, H., Whitlow, C. T., Barcus, R. A.,

181


https://doi.org/10.1001/jama.2019.13771
https://doi.org/10.1016/j.nbd.2018.11.026
https://doi.org/10.1038/s41577-018-0051-1
https://doi.org/10.1016/j.ynstr.2020.100254
https://doi.org/10.1002/oby.22436

Lockhart, S. N., Corbitt, S. E., & Craft, S. (2020). Mediterranean versus western diet
effects on cerebral cortical thickness and volume in cynomolgus macaques. Alzheimer's

& Dementia, 16(S4), ¢044554. https://doi.org/https://doi.org/10.1002/alz.044554

Silva-Martinez, G. A., Rodriguez-Rios, D., Alvarado-Caudillo, Y., Vaquero, A., Esteller, M.,
Carmona, F. J., Moran, S., Nielsen, F. C., Wickstrom-Lindholm, M., Wrobel, K., Wrobel,
K., Barbosa-Sabanero, G., Zaina, S., & Lund, G. (2016). Arachidonic and oleic acid exert
distinct effects on the DNA methylome. Epigenetics, 11(5), 321-334.

https://doi.org/10.1080/15592294.2016.1161873

Simopoulos, A. P. (2001). The Mediterranean diets: What is so special about the diet of Greece?
The scientific evidence. J Nutr, 131(11 Suppl), 3065s-3073s.

https://doi.org/10.1093/in/131.11.3065S

Simopoulos, A. P. (2006). Evolutionary aspects of diet, the omega-6/omega-3 ratio and genetic
variation: nutritional implications for chronic diseases. Biomed Pharmacother, 60(9),

502-507. https://doi.org/10.1016/1.biopha.2006.07.080

Simopoulos, A. P. (2016). An Increase in the Omega-6/Omega-3 Fatty Acid Ratio Increases the

Risk for Obesity. Nutrients, 8(3), 128. https://doi.org/10.3390/nu8030128

Singh, B., Parsaik, A. K., Mielke, M. M., Erwin, P. J., Knopman, D. S., Petersen, R. C., &
Roberts, R. O. (2014). Association of mediterranean diet with mild cognitive impairment
and Alzheimer's disease: a systematic review and meta-analysis. J Alzheimers Dis, 39(2),

271-282. https://doi.org/10.3233/jad-130830

Soderberg, M., Edlund, C., Kristensson, K., & Dallner, G. (1991). Fatty acid composition of
brain phospholipids in aging and in Alzheimer's disease. Lipids, 26(6), 421-425.

https://doi.org/10.1007/b102536067

182


https://doi.org/https:/doi.org/10.1002/alz.044554
https://doi.org/10.1080/15592294.2016.1161873
https://doi.org/10.1093/jn/131.11.3065S
https://doi.org/10.1016/j.biopha.2006.07.080
https://doi.org/10.3390/nu8030128
https://doi.org/10.3233/jad-130830
https://doi.org/10.1007/bf02536067

Solfrizzi, V., Panza, F., Torres, F., Mastroianni, F., Del Parigi, A., Venezia, A., & Capurso, A.
(1999). High monounsaturated fatty acids intake protects against age-related cognitive

decline. Neurology, 52(8), 1563-1569. https://doi.org/10.1212/wnl.52.8.1563

Sonnenburg, E. D., & Sonnenburg, J. L. (2014). Starving our microbial self: the deleterious
consequences of a diet deficient in microbiota-accessible carbohydrates. Cell Metab,

20(5), 779-786. https://doi.org/10.1016/j.cmet.2014.07.003

Sparkman, N. L., Kohman, R. A., Scott, V. J., & Boehm, G. W. (2005). Bacterial endotoxin-
induced behavioral alterations in two variations of the Morris water maze. Physiol Behav,

86(1-2), 244-251. https://doi.org/10.1016/j.physbeh.2005.07.016

Stard3 StAR related lipid transfer domain containing 3 [ Mus musculus (house mouse) . (2023).

National Library of Medicine https://www.ncbi.nlm.nih.gov/gene/59045

Statovci, D., Aguilera, M., MacSharry, J., & Melgar, S. (2017). The Impact of Western Diet and
Nutrients on the Microbiota and Immune Response at Mucosal Interfaces. Front

Immunol, 8, 838. https://doi.org/10.3389/fimmu.2017.00838

Staubo, S. C., Aakre, J. A., Vemuri, P., Syrjanen, J. A., Mielke, M. M., Geda, Y. E., Kremers,
W. K., Machulda, M. M., Knopman, D. S., Petersen, R. C., Jack, C. R., Jr., & Roberts, R.
0. (2017). Mediterranean diet, micronutrients and macronutrients, and MRI measures of
cortical thickness. Alzheimers Dement, 13(2), 168-177.

https://doi.org/10.1016/j.jalz.2016.06.2359

Stefanska, B., Rudnicka, K., Bednarek, A., & Fabianowska-Majewska, K. (2010).
Hypomethylation and induction of retinoic acid receptor beta 2 by concurrent action of
adenosine analogues and natural compounds in breast cancer cells. Eur J Pharmacol,

638(1-3), 47-53. https://doi.org/10.1016/j.ejphar.2010.04.032

183


https://doi.org/10.1212/wnl.52.8.1563
https://doi.org/10.1016/j.cmet.2014.07.003
https://doi.org/10.1016/j.physbeh.2005.07.016
https://www.ncbi.nlm.nih.gov/gene/59045
https://doi.org/10.3389/fimmu.2017.00838
https://doi.org/10.1016/j.jalz.2016.06.2359
https://doi.org/10.1016/j.ejphar.2010.04.032

Steinberg, B. E., Silverman, H. A., Robbiati, S., Gunasekaran, M. K., Tsaava, T., Battinelli, E.,
Stiegler, A., Bouton, C. E., Chavan, S. S., Tracey, K. J., & Huerta, P. T. (2016).
Cytokine-specific Neurograms in the Sensory Vagus Nerve. Bioelectron Med, 3, 7-17.

Stranahan, A. M., Norman, E. D., Lee, K., Cutler, R. G., Telljohann, R. S., Egan, J. M., &
Mattson, M. P. (2008). Diet-induced insulin resistance impairs hippocampal synaptic
plasticity and cognition in middle-aged rats. Hippocampus, 18(11), 1085-1088.

https://doi.org/10.1002/hipo.20470

Suzuki, R., Kohno, H., Sugie, S., Nakagama, H., & Tanaka, T. (2005). Strain differences in the
susceptibility to azoxymethane and dextran sodium sulfate-induced colon carcinogenesis

in mice. Carcinogenesis, 27(1), 162-169. https://doi.org/10.1093/carcin/bgi205

Szczechowiak, K., Diniz, B. S., & Leszek, J. (2019). Diet and Alzheimer's dementia - Nutritional
approach to modulate inflammation. Pharmacol Biochem Behav, 184, 172743.

https://doi.org/10.1016/1.pbb.2019.172743

Takemiya, T., Fumizawa, K., Yamagata, K., Iwakura, Y., & Kawakami, M. (2017). Brain
Interleukin-1 Facilitates Learning of a Water Maze Spatial Memory Task in Young Mice.

Front Behav Neurosci, 11,202. https://doi.org/10.3389/fnbeh.2017.00202

Tangney, C. C., Kwasny, M. J., Li, H., Wilson, R. S., Evans, D. A., & Morris, M. C. (2011).
Adherence to a Mediterranean-type dietary pattern and cognitive decline in a community

population. Am J Clin Nutr, 93(3), 601-607. https://doi.org/10.3945/ajcn.110.007369

Taylor, H. A., Przemylska, L., Clavane, E. M., & Meakin, P. J. (2022). BACEI: More than just a

B-secretase. Obes Rev, 23(7), €13430. https://doi.org/10.1111/0br.13430

Taylor, M. K., Sullivan, D. K., Swerdlow, R. H., Vidoni, E. D., Morris, J. K., Mahnken, J. D., &

Burns, J. M. (2017). A high-glycemic diet is associated with cerebral amyloid burden in

184


https://doi.org/10.1002/hipo.20470
https://doi.org/10.1093/carcin/bgi205
https://doi.org/10.1016/j.pbb.2019.172743
https://doi.org/10.3389/fnbeh.2017.00202
https://doi.org/10.3945/ajcn.110.007369
https://doi.org/10.1111/obr.13430

cognitively normal older adults. Am J Clin Nutr, 106(6), 1463-1470.

https://doi.org/10.3945/ajcn.117.162263

Tonnies, E., & Trushina, E. (2017). Oxidative Stress, Synaptic Dysfunction, and Alzheimer's

Disease. J Alzheimers Dis, 57(4), 1105-1121. https://doi.org/10.3233/jad-161088

Tozuka, Y., Kumon, M., Wada, E., Onodera, M., Mochizuki, H., & Wada, K. (2010). Maternal
obesity impairs hippocampal BDNF production and spatial learning performance in
young mouse offspring. Neurochem Int, 57(3), 235-247.

https://doi.org/10.1016/j.neuint.2010.05.015

Trichopoulou, A. (2004). Traditional Mediterranean diet and longevity in the elderly: a review.

Public Health Nutr, 7(7), 943-947. https://doi.org/10.1079/phn2004558

Trichopoulou, A., Costacou, T., Bamia, C., & Trichopoulos, D. (2003). Adherence to a
Mediterranean diet and survival in a Greek population. N Engl J Med, 348(26), 2599-

2608. https://doi.org/10.1056/NEJM0a025039

Trichopoulou, A., Kouris-Blazos, A., Wahlqvist, M. L., Gnardellis, C., Lagiou, P.,
Polychronopoulos, E., Vassilakou, T., Lipworth, L., & Trichopoulos, D. (1995). Diet and
overall survival in elderly people. Bmj, 311(7018), 1457-1460.

https://doi.org/10.1136/bmj.311.7018.1457

Trichopoulou, A., Kyrozis, A., Rossi, M., Katsoulis, M., Trichopoulos, D., La Vecchia, C., &
Lagiou, P. (2015). Mediterranean diet and cognitive decline over time in an elderly

Mediterranean population. Eur J Nutr, 54(8), 1311-1321. https://doi.org/10.1007/s00394-

014-0811-z
Trichopoulou, A., Martinez-Gonzalez, M. A., Tong, T. Y., Forouhi, N. G., Khandelwal, S.,

Prabhakaran, D., Mozaffarian, D., & de Lorgeril, M. (2014). Definitions and potential

185


https://doi.org/10.3945/ajcn.117.162263
https://doi.org/10.3233/jad-161088
https://doi.org/10.1016/j.neuint.2010.05.015
https://doi.org/10.1079/phn2004558
https://doi.org/10.1056/NEJMoa025039
https://doi.org/10.1136/bmj.311.7018.1457
https://doi.org/10.1007/s00394-014-0811-z
https://doi.org/10.1007/s00394-014-0811-z

health benefits of the Mediterranean diet: views from experts around the world. BMC

Med, 12, 112. https://doi.org/10.1186/1741-7015-12-112

Trichopoulou, A., Orfanos, P., Norat, T., Bueno-de-Mesquita, B., Ocké, M. C., Peeters, P. H.,
van der Schouw, Y. T., Boeing, H., Hoffmann, K., Boffetta, P., Nagel, G., Masala, G.,
Krogh, V., Panico, S., Tumino, R., Vineis, P., Bamia, C., Naska, A., Benetou, V., . ..
Trichopoulos, D. (2005). Modified Mediterranean diet and survival: EPIC-elderly
prospective cohort study. Bmj, 330(7498), 991.

https://doi.org/10.1136/bmj.38415.644155.8F

Trichopoulou, A., & Vasilopoulou, E. (2000). Mediterranean diet and longevity. Br J Nutr, 84

Suppl 2, S205-209. https://doi.org/10.1079/096582197388554

Tsan, L., Décarie-Spain, L., Noble, E. E., & Kanoski, S. E. (2021). Western Diet Consumption
During Development: Setting the Stage for Neurocognitive Dysfunction. Front Neurosci,

15,632312. https://doi.org/10.3389/tnins.2021.632312

Tsivgoulis, G., Judd, S., Letter, A. J., Alexandrov, A. V., Howard, G., Nahab, F., Unverzagt, F.
W., Moy, C., Howard, V. J., Kissela, B., & Wadley, V. G. (2013). Adherence to a
Mediterranean diet and risk of incident cognitive impairment. Neurology, 80(18), 1684-

1692. https://doi.org/10.1212/WNL.0b013e3182904{69

Turnbaugh, P. J., Ridaura, V. K., Faith, J. J., Rey, F. E., Knight, R., & Gordon, J. I. (2009). The
effect of diet on the human gut microbiome: a metagenomic analysis in humanized
gnotobiotic mice. Sci Transl Med, 1(6), 6ral4.

https://doi.org/10.1126/scitranslmed.3000322

Txnrd3 thioredoxin reductase 3 [ Mus musculus (house mouse) ]. (2023). National Library of

Medicine https://www.ncbi.nlm.nih.gov/gene/?term=Mus+musculus+Txnrd3

186


https://doi.org/10.1186/1741-7015-12-112
https://doi.org/10.1136/bmj.38415.644155.8F
https://doi.org/10.1079/096582197388554
https://doi.org/10.3389/fnins.2021.632312
https://doi.org/10.1212/WNL.0b013e3182904f69
https://doi.org/10.1126/scitranslmed.3000322
https://www.ncbi.nlm.nih.gov/gene/?term=Mus+musculus+Txnrd3

Urban, L. E., Roberts, S. B., Fierstein, J. L., Gary, C. E., & Lichtenstein, A. H. (2014). Temporal
trends in fast-food restaurant energy, sodium, saturated fat, and trans fat content, United

States, 1996-2013. Prev Chronic Dis, 11, E229. https://doi.org/10.5888/pcd11.140202

Valls-Pedret, C., Sala-Vila, A., Serra-Mir, M., Corella, D., de la Torre, R., Martinez-Gonzalez,
M., Martinez-Lapiscina, E. H., Fit6, M., Pérez-Heras, A., Salas-Salvado, J., Estruch, R.,
& Ros, E. (2015). Mediterranean Diet and Age-Related Cognitive Decline: A
Randomized Clinical Trial. JAMA Intern Med, 175(7), 1094-1103.

https://doi.org/10.1001/jamainternmed.2015.1668

van Dijk, S. J., Feskens, E. J., Bos, M. B., Hoelen, D. W., Heijligenberg, R., Bromhaar, M. G.,
de Groot, L. C., de Vries, J. H., Miiller, M., & Afman, L. A. (2009). A saturated fatty
acid-rich diet induces an obesity-linked proinflammatory gene expression profile in
adipose tissue of subjects at risk of metabolic syndrome. Am J Clin Nutr, 90(6), 1656-

1664. https://doi.org/10.3945/ajcn.2009.27792

Vandal, M., White, P. J., Tremblay, C., St-Amour, 1., Chevrier, G., Emond, V., Lefrancois, D.,
Virgili, J., Planel, E., Giguere, Y., Marette, A., & Calon, F. (2014). Insulin reverses the
high-fat diet-induced increase in brain A} and improves memory in an animal model of

Alzheimer disease. Diabetes, 63(12), 4291-4301. https://doi.org/10.2337/db14-0375

Velazquez, R., Ferreira, E., Winslow, W., Dave, N., Piras, I. S., Naymik, M., Huentelman, M. J.,
Tran, A., Caccamo, A., & Oddo, S. (2020). Maternal choline supplementation
ameliorates Alzheimer's disease pathology by reducing brain homocysteine levels across

multiple generations. Mol Psychiatry, 25(10), 2620-2629. https://doi.org/10.1038/s41380-

018-0322-z
Vlachos, G. S., Kosmidis, M. H., Yannakoulia, M., Dardiotis, E., Hadjigeorgiou, G., Tzoulaki, L.,

Georgiou, A. N., Sakka, P., Anastasiou, C. A., Stefanis, L., & Scarmeas, N. (2021).

187


https://doi.org/10.5888/pcd11.140202
https://doi.org/10.1001/jamainternmed.2015.1668
https://doi.org/10.3945/ajcn.2009.27792
https://doi.org/10.2337/db14-0375
https://doi.org/10.1038/s41380-018-0322-z
https://doi.org/10.1038/s41380-018-0322-z

Dementia Incidence in the Elderly Population of Greece: Results From the HELIAD
Study. Alzheimer Dis Assoc Disord, 35(1), 48-54.

https://doi.org/10.1097/wad.0000000000000407

Walker, J. M., Dixit, S., Saulsberry, A. C., May, J. M., & Harrison, F. E. (2017). Reversal of
high fat diet-induced obesity improves glucose tolerance, inflammatory response, [3-
amyloid accumulation and cognitive decline in the APP/PSEN1 mouse model of
Alzheimer's disease. Neurobiol Dis, 100, 87-98.

https://doi.org/10.1016/1.nbd.2017.01.004

Wang, D., Chen, F., Han, Z., Yin, Z., Ge, X., & Lei, P. (2021). Relationship Between Amyloid-f3
Deposition and Blood—Brain Barrier Dysfunction in Alzheimer’s Disease [Review].

Frontiers in Cellular Neuroscience, 15. https://doi.org/10.3389/fncel.2021.695479

Wang, L., Sang, B., & Zheng, Z. (2022). Risk of dementia or cognitive impairment in non-
alcoholic fatty liver disease: A systematic review and meta-analysis. Front Aging

Neurosci, 14, 985109. https://doi.org/10.3389/fhagi.2022.985109

Waters, H., & Graf, M. . (2018). America’s obesity crisis: the health and economic cost of

excessive weight. . https://milkeninstitute.org/sites/default/files/reports-pdf/Mi-Americas-

Obesity-Crisis-WEB_2.pdf

Weickert, M. O., & Pfeiffer, A. F. H. (2018). Impact of Dietary Fiber Consumption on Insulin
Resistance and the Prevention of Type 2 Diabetes. J Nutr, 148(1), 7-12.

https://doi.org/10.1093/ijn/nxx008

Weintraub, M. K., Bisson, C. M., Nouri, J. N., Vinson, B. T., Eimerbrink, M. J., Kranjac, D.,
Boehm, G. W., & Chumley, M. J. (2013). Imatinib methanesulfonate reduces

hippocampal amyloid-f and restores cognitive function following repeated endotoxin

exposure. Brain Behav Immun, 33, 24-28. https://doi.org/10.1016/1.bbi.2013.05.002

188


https://doi.org/10.1097/wad.0000000000000407
https://doi.org/10.1016/j.nbd.2017.01.004
https://doi.org/10.3389/fncel.2021.695479
https://doi.org/10.3389/fnagi.2022.985109
https://milkeninstitute.org/sites/default/files/reports-pdf/Mi-Americas-Obesity-Crisis-WEB_2.pdf
https://milkeninstitute.org/sites/default/files/reports-pdf/Mi-Americas-Obesity-Crisis-WEB_2.pdf
https://doi.org/10.1093/jn/nxx008
https://doi.org/10.1016/j.bbi.2013.05.002

Weintraub, M. K., Kranjac, D., Eimerbrink, M. J., Pearson, S. J., Vinson, B. T., Patel, J.,
Summers, W. M., Parnell, T. B., Boehm, G. W., & Chumley, M. J. (2014). Peripheral
administration of poly I:C leads to increased hippocampal amyloid-beta and cognitive

deficits in a non-transgenic mouse. Behav Brain Res, 266, 183-187.

https://doi.org/10.1016/1.bbr.2014.03.009

Wenzel, T. J., Haskey, N., Kwong, E., Greuel, B. K., Gates, E. J., Gibson, D. L., & Klegeris, A.
(2022). Dietary fats modulate neuroinflammation in mucin 2 knock out mice model of
spontaneous colitis. Biochim Biophys Acta Mol Basis Dis, 1868(3), 166336.

https://doi.org/10.1016/j.bbadis.2021.166336

White, C. L., Pistell, P. J., Purpera, M. N., Gupta, S., Fernandez-Kim, S. O., Hise, T. L., Keller,
J. N., Ingram, D. K., Morrison, C. D., & Bruce-Keller, A. J. (2009). Effects of high fat
diet on Morris maze performance, oxidative stress, and inflammation in rats:
contributions of maternal diet. Neurobiol Dis, 35(1), 3-13.

https://doi.org/10.1016/1.nbd.2009.04.002

Whitmer, R. A., Gunderson, E. P., Quesenberry, C. P., Jr., Zhou, J., & Yaffe, K. (2007). Body
mass index in midlife and risk of Alzheimer disease and vascular dementia. Curr

Alzheimer Res, 4(2), 103-109. https://doi.org/10.2174/156720507780362047

Wieckowska-Gacek, A., Mietelska-Porowska, A., Wydrych, M., & Wojda, U. (2021). Western
diet as a trigger of Alzheimer's disease: From metabolic syndrome and systemic
inflammation to neuroinflammation and neurodegeneration. Ageing Res Rev, 70, 101397.

https://doi.org/10.1016/j.arr.2021.101397

Winther, G., Elfving, B., Miiller, H. K., Lund, S., & Wegener, G. (2018). Maternal High-fat Diet
Programs Offspring Emotional Behavior in Adulthood. Neuroscience, 388, 87-101.

https://doi.org/10.1016/j.neuroscience.2018.07.014

189


https://doi.org/10.1016/j.bbr.2014.03.009
https://doi.org/10.1016/j.bbadis.2021.166336
https://doi.org/10.1016/j.nbd.2009.04.002
https://doi.org/10.2174/156720507780362047
https://doi.org/10.1016/j.arr.2021.101397
https://doi.org/10.1016/j.neuroscience.2018.07.014

Woolley, C. S., Gould, E., Frankfurt, M., & McEwen, B. S. (1990). Naturally occurring
fluctuation in dendritic spine density on adult hippocampal pyramidal neurons. J

Neurosci, 10(12), 4035-4039. https://doi.org/10.1523/jneurosci.10-12-04035.1990

Wright, J. D., & Wang, C. Y. (2010). Trends in intake of energy and macronutrients in adults
from 1999-2000 through 2007-2008. NCHS Data Brief(49), 1-8.

Wu, C. K., Thal, L., Pizzo, D., Hansen, L., Masliah, E., & Geula, C. (2005). Apoptotic signals
within the basal forebrain cholinergic neurons in Alzheimer's disease. Exp Neurol,

195(2), 484-496. https://doi.org/10.1016/j.expneurol.2005.06.020

Xie, Y., Yan, L., Zeng, H., Chen, W., Lu, J.-H., Wan, J.-B., Su, H., & Yao, X. (2020). Fish oil
protects the blood—brain barrier integrity in a mouse model of Alzheimer’s disease.

Chinese Medicine, 15(1), 29. https://doi.org/10.1186/s13020-020-00314-0

Xu, N, Meng, H., Liu, T. Y., Feng, Y. L., Qi, Y., Zhang, D. H., & Wang, H. L. (2018). Sterol O-
acyltransferase 1 deficiency improves defective insulin signaling in the brains of mice fed
a high-fat diet. Biochem Biophys Res Commun, 499(2), 105-111.

https://doi.org/10.1016/1.bbrc.2018.02.122

Yan, L., Xie, Y., Satyanarayanan, S. K., Zeng, H., Liu, Q., Huang, M., Ma, Y., Wan, J. B., Yao,
X., Su, K. P., & Su, H. (2020). Omega-3 polyunsaturated fatty acids promote brain-to-
blood clearance of B-Amyloid in a mouse model with Alzheimer's disease. Brain Behav

Immun, 85, 35-45. https://doi.org/10.1016/1.bb1.2019.05.033

Yoon, J. S. J., Wu, M. K., Zhu, T. H., Zhao, H., Cheung, S. T., Chamberlain, T. C., & Mui, A. L.
(2020). Interleukin-10 control of pre-miR 155 maturation involves CELF2. PLoS One,

15(4), €0231639. https://doi.org/10.1371/journal.pone.0231639

190


https://doi.org/10.1523/jneurosci.10-12-04035.1990
https://doi.org/10.1016/j.expneurol.2005.06.020
https://doi.org/10.1186/s13020-020-00314-0
https://doi.org/10.1016/j.bbrc.2018.02.122
https://doi.org/10.1016/j.bbi.2019.05.033
https://doi.org/10.1371/journal.pone.0231639

Yu, C., Liu, S., Chen, L., Shen, J., Niu, Y., Wang, T., Zhang, W., & Fu, L. (2019). Effect of
exercise and butyrate supplementation on microbiota composition and lipid metabolism.

J Endocrinol, 243(2), 125-135. https://doi.org/10.1530/joe-19-0122

Zanos, T. P., Silverman, H. A., Levy, T., Tsaava, T., Battinelli, E., Lorraine, P. W., Ashe, J. M.,
Chavan, S. S., Tracey, K. J., & Bouton, C. E. (2018). Identification of cytokine-specific
sensory neural signals by decoding murine vagus nerve activity. Proc Natl Acad Sci U S

A, 115(21), E4843-e4852. https://doi.org/10.1073/pnas.1719083115

Zfp454 zinc finger protein 454 [ Mus musculus (house mouse) . (2023). National Library of

Medicine https://www.ncbi.nlm.nih.gov/gene/237758

Zhao, F., Zhang, J., & Chang, N. (2018). Epigenetic modification of Nrf2 by sulforaphane
increases the antioxidative and anti-inflammatory capacity in a cellular model of
Alzheimer's disease. Eur J Pharmacol, 824, 1-10.

https://doi.org/10.1016/j.ejphar.2018.01.046

Zhao, J., Bi, W., Xiao, S., Lan, X., Cheng, X., Zhang, J., Lu, D., Wei, W., Wang, Y., Li, H., Fu,
Y., & Zhu, L. (2019). Neuroinflammation induced by lipopolysaccharide causes

cognitive impairment in mice. Sci Rep, 9(1), 5790. https://doi.org/10.1038/s41598-019-

42286-8

Zhou, M. M., Ding, L., Wen, M., Che, H. X., Huang, J. Q., Zhang, T. T., Xue, C. H., Mao, X. Z.,
& Wang, Y. M. (2018). Mechanisms of DHA-enriched phospholipids in improving
cognitive deficits in aged SAMP8 mice with high-fat diet. J Nutr Biochem, 59, 64-75.

https://doi.org/10.1016/1.jnutbio.2018.05.009

Zieba, J., Uddin, G. M., Youngson, N. A., Karl, T., & Morris, M. J. (2019). Long-term
behavioural effects of maternal obesity in C57BL/6J mice. Physiol Behav, 199, 306-313.

https://doi.org/10.1016/1.physbeh.2018.11.004

191


https://doi.org/10.1530/joe-19-0122
https://doi.org/10.1073/pnas.1719083115
https://www.ncbi.nlm.nih.gov/gene/237758
https://doi.org/10.1016/j.ejphar.2018.01.046
https://doi.org/10.1038/s41598-019-42286-8
https://doi.org/10.1038/s41598-019-42286-8
https://doi.org/10.1016/j.jnutbio.2018.05.009
https://doi.org/10.1016/j.physbeh.2018.11.004

VITA
PERSONAL BACKGROUND

Paige Nicole Braden Kuhle
Orange, California

EDUCATION

Doctor of Philosophy, Experimental Psychology, Texas Christian University, Fort Worth,
Texas, 2023

Master of Science, Experimental Psychology, Texas Christian University, Fort Worth,
Texas, 2020

Bachelor of Arts, Psychology, Vanguard University of Southern California, Costa Mesa,
California, 2017
Diploma, Foothill High School, North Tustin, California, 2013

EXPERIENCE

Teaching Assistant, Texas Christian University, 2018-2023

Instructor, Introductory Neuroscience, Texas Christian University, 2022
Laboratory Instructor, Texas Christian University, 2018-2020

Research Student, Department of Psychology, Vanguard University, 2013
Research Fellow, Department of Psychology, Vanguard University, 2012

VOLUNTEER WORK
President of Psi Chi, Vanguard University Chapter, 2013
PROFESSIONAL MEMBERSHIPS

Society for Neuroscience, 2019—present

Psi Chi Psychology Honors Society 201 1—present



ABSTRACT

FOOD FOR THOUGHT: EXPLORING MULTIGENERATIONAL EFFECTS OF A
COMPREHENSIVE MEDITERRANEAN DIET ON COGNITION AND BIOMARKERS OF
ALZHEIMER'S DISEASE

By Paige Nicole Braden Kuhle
Department of Psychology
Texas Christian University

Dissertation Advisors: Dr. Gary W. Boehm and Dr. Michael Chumley
Recent evidence suggests that approximately 40% of all dementia cases, including

Alzheimer's disease (AD), could potentially be prevented by targeting modifiable risk factors,
like mid-life obesity (Livingston et al., 2020). Thus, it is crucial to understand how nutritional
prevention strategies, like early-life implementation of the Mediterranean Diet (MD), could
potentially reduce risk factors and prevent AD later in life. Notably, a recent study found that
strict adherence to the traditional MD was associated with a 72% reduced risk of dementia in
older Greek adults (Charisis et al., 2021). Although individual Mediterranean dietary factors
have been shown to protect the brain from AD neuropathology and cognitive impairment in
rodents, the biological and behavioral mechanisms underlying a comprehensive MD warrant further
investigation. Therefore, the current experiment investigated the potential, protective effects of a
comprehensive MD compared to a macronutrient-matched typical American diet (TAD) on AD
markers in C57BL/6 mice. Following six months of diet administration, male mice on the MD
had reduced body weight, adipose fat, fatty liver, serum TNF-a, cortical and hippocampal AfB;_
1, and improved spatial memory compared to males on the TAD. Interestingly, although both
diets were macronutrient-matched, males on the MD consumed more kilocalories per day
compared to males on the TAD. In females, the MD prevented elevated cortical AP 45, serum
TNF-a, and fatty liver but had no impact on kilocalorie intake, body weight, adipose fat, or

spatial memory. Additionally, the MD suppressed LPS-induced neuroinflammation and BDNF



loss in males. Behavioral changes, including increased exploratory activity and reduced anxiety,
were observed in males on the MD, but not in females on the MD. Our findings in male mice
supported our hypothesis that the MD would play a protective role against AD-related
physiological, biological, and behavioral alterations compared to the TAD, and also

emphasized the importance of diet composition rather than caloric intake alone.





