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ABSTRACT

Alzheimer's disease (AD), the most common progressive neurodegenerative illness in older
individuals, is characterized by declining cognitive ability. Cognitive decline and memory loss
are two of the first pathological signs of Alzheimer's disease by many factors including oxidative
brain damage. Several studies have reported improvement in memory and cognition impairment
by the consumption of high doses of Limosilactobacillus strains and phytochemicals like
Quercetin. Through promoting the growth of the HPA axis and the manufacture of
neuromodulators such antioxidant enzymes, GABA, SCFAs, serotonin, and BDNF, the gut
microbiota influences the gut-brain axis. The current study's objective is to investigate the anti-
Alzheimer’s effect of potential Limosilactobacillus fermentum Y55 (1.5x10° CFU) and
Quercetin (25mg/kg) in combination on AICIs- induced AD rat models. Rats were assigned to six
distinct groups at random (n = 6). Using a variety of behavioral tests, including the Elevated Plus
Maze (EPM), New Object Recognition (NOR), Y-maze, and Morris Water Maze, researchers
investigated the impact of this combination on anxiety and memory (MWM) to determine
whether recovery plays a part in reducing Al's neurotoxic effects. Male rats were exposed to
aluminum along with Limosilactobacillus fermentum Y55 and Quercetin mixed in distilled water
and after completion of treatment their learning and memory was tested using Novel object
recognition test, y maze test and Morris water test paradigms and collated with the controls. To
assess the anxiety, an elevate plus maze test was performed. The animals from treated and their
controls were euthanized and dissected after the behavioral tests and the brains were removed to
extract hippocampus for further histological analysis. The results unfolded those rats treated with
probiotic and polyphenol combination had exhibited significantly improved working, reference

memory, recognition and spatial memory with reduced anxious behaviors. Histologically, this

XVii



combination has improved the normal architecture of the brain hippocampus in TPQ group. H
&E staining showed that TPQ group had normal morphological features with proper round and
intact cell bodies as compared to DC group. To cap it all, this study demonstrates that animals
exposed to Limosilactobacillus fermentum Y55 and quercetin together show marked
improvement in their cognitive functions and memory and improves the morphology of the main

targeted parts of brain that is hippocampus.
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Chapter 1 Introduction

CHAPTER 1

INTRODUCTION

Alzheimer's disease (AD), the most prevalent cause of dementia, is distinguished by two distinct
types of lesions: amyloid - (AB) plaques and intracellular neurofibrillary tangles (NFT) (Selkoe,
2001). AD pathology includes increased oxidative stress, synapse loss, localized cell death, and
brain atrophy(Ashe & Zahs, 2010). There are several fiercely debated theories that attempt to
explain the fundamental factor that triggers the onset of AD brain illness. In the past, work has
been done to link several aberrations together under a single, basic pathogenic mechanism.
(Hardy & Selkoe, 2002); (Markesbery, 1997). The optimal methods for treating and preventing
AD are still unknown since the science lacks consensus on its etiology and pathology after

decades of intensive research(M. de la Monte, 2012).

Alzheimer's disease (AD) primarily affects elderly persons aged 65 years or older and accounts
for 60-80% of all dementia cases (DeTure & Dickson, 2019). 4.6 million new cases of AD are
thought to be recorded annually, affecting around 35.6 million individuals worldwide. Age is a
factor in the prevalence of AD; starting at 60 years old, the rate doubles every five years
(Mayeux & Stern, 2012). Amyloid-(ApB) aggregate buildup and tau protein
hyperphosphorylation, which result in neurofibrillary tangles (NFTs) and synaptic dysfunction,

are commonly linked to the pathophysiology of AD (Kommaddi et al., 2018).

Two significant systemic factors that exacerbate neurodegeneration are oxidative damage and

inflammation, both of which are fueled by the usual physiological decline associated with
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ageing. Reactive oxidative species (ROS) are formed when 0.4-4% of the electrons moving
through the electron transport chain (ETC) escape and combine with an oxygen molecule to
generate superoxide radicals, which are the principal source of ROS in the body (Murphy, 2009).
Ordinarily, the cells' anti-oxidant defense mechanisms convert these free radicals into harmless
species, but as people age, their cellular defenses gradually deteriorate, accumulating genetic,

cellular, and membrane damage until death of cell occurs (Mitsuma et al., 2008).

ROS slowly builds up in neurons, which triggers microglial activation, cytokine release and
neuroinflammation as a result. The pathophysiology of oxidative damage and inflammation leads
to inflamm-aging, which is described as a persistent low-grade systemic proinflammatory state
with raised cytokines and inflammatory mediators without any triggered cause. Aging via

inflammation is the aggregate name for this vicious cycle." (Franceschi & Campisi, 2014).

In order to maintain oxidative homeostasis, complex regulatory systems that can mount self-
limiting effector reactions in response to various forms of oxidative stress are needed. The redox-
sensitive transcription factor NF-E2-related factor 2 (Nrf2) is well acknowledged as a crucial
regulator of antioxidant processes(Raghunath et al., 2018). The multitude of antioxidant,
cytoprotective, and immunomodulatory enzymes that this gene set encodes help regulate the

cellular response to various stresses (Nguyen et al., 2009); (Tonelli et al., 2018).

The enteric nervous system and CNS maintain a communication pathway between them called
gut brain axis (GBA). The GBA links the brains functions of cognition and emotion to the
peripheral functions of intestine. The gut microbiota is an important variable of GBA
(Dinan&Cryan, 2017). The gut microbiota, the dynamic endocrine organ, contains trillions of
symbiotic bacteria that have an impact on the host's health. (Cho & Blaser, 2012). Lifestyle-

related changes in the bacterial community's interindividual diversity affect human biochemistry

2
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and disease resistance, including the susceptibility to brain illnesses, as well as a number of other
alterations in human physiology. (Aziz et al., 2013). Through a variety of endocrine,
neurological, and biochemical processes, the gut microbiota is able to communicate with the
brain in a communication system that is known as the gut-brain axis. This system is
bidirectional. (O’Mahony et al., 2015). The gut microbiota is in a very delicate equilibrium when
it is healthy. Disorders or diseases can result from changes that disrupt this microecological
balance owing to internal or external sources (Sochocka et al., 2019). Bifidobacterium,
Eubacterium rectale, and Dialister are a few examples of the beneficial bacterial taxa that are
less common in patients with AD's gut microbiota imbalance, while Escherichia coli,
Bacteroides, and Ruminococcus are examples of the potentially pathogenic microbes that are
more prevalent (Vogt et al., 2017); Cattaneo et al., 2017). It has been shown that the variety of
the gut microbiota declines with advancing age, which may play an important part in the
development of neurodegenerative diseases (Dinan & Cryan, 2017); Kohler et al., 2016). There
is evidence that the gut microbiota can affect the course of neurological diseases and potentially
cause illness development, particularly when it is in a dysbiotic state (Catanzaro et al., 2015). It
is important to note that the relative balance of the microbiota population, and consequently its
metabolic and genomic expression, are altered in response to environmental stresses, particularly
oxidative stress. This results in extensive physiological alterations in metabolism and endocrine

signaling in the human host (Ley et al., 2008).

There is no one therapy strategy for AD due to its baffling pathogenesis. For the symptomatic
management of AD, a combination of medications with antioxidant, anti-inflammatory, and
cholinergic characteristics is employed (Hager et al.,, 2001);(Herholz et al., 2004).

Currently donepezil, rivastigmine, and other acetylcholinesterases are used to halt AD. They cure



Chapter 1 Introduction

symptoms but do not stop the spread of the disease. Also, they are linked to adverse effects that
range in intensity from mild, like vomiting and weight loss, to severe, including bradycardia and

sleeplessness (Joe & Ringman, 2019).

Hence the evidence of microbiota in gut health and modulation of brain function indicates that
modulating diversity of gut microbiota and oxidative stress may serve as a potential route for
therapy. A relatively new and alternate strategy which is being devised is the use of probiotics

along with polyphenols together.

According to the definition of WHO, “probiotics are live micro-organisms when administrated
inadequate amount confer health benefits”(Rigobelo, 2012). Lactic acid bacteria are usually
probiotics and have been declared as safe by FAO and WHO (Anandharaj et al., 2015).
Probiotics have been shown to reverse the dysbiosis of the gut microbiota, slow the onset of AD,
especially in cases where inflammation and oxidative stress are present, and lessen cognitive loss
(Evrensel & Unsalver, 2018). In AD patients, probiotic use has been shown to reduce some
oxidative stress and inflammatory indicators, providing evidence of a gut-brain connection
throughout illness (Akbari et al., 2016). As a result of the numerous bioactive metabolites they
produce, probiotics are also referred to as "the cell factory” and play crucial functions in
maintaining human health (Lekchand Dasriya et al., 2022). Lactic acid, SCFA and acetic acid,
antibiotic substances, and neurotransmitters are among those metabolites that probiotics create.
Probiotics create short-chain fatty acids, which prevent amyloid from aggregating and regulate a
number of signaling pathways. As a result, there is a decrease in neuro-inflammation, the
production of amyloid plaques, and a positive regulation of repressed receptors (Seo &

Holtzman, 2020).
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Many vascular plants contain phenolic compounds called flavonoids, which are extracted from
them. The capacity of flavonoids to reduce free radical production and scavenge free radicals is
what gives them their antioxidant properties. An antioxidant flavonoid called quercetin, which is
also present in apples and onions, boosts glutathione levels and affects the functioning of
enzymes that fight free radicals (Ansari et al., 2009). There are numerous therapeutic plants that
contain the flavonoid molecule quercetin (3, 5, 7, 3', 4'-pentahydroxyflavone). Apparently acting
as an antioxidant, quercetin scavenges reactive oxygen species (ROS) (Ossola et al., 2009).
Moreover, it has antiviral, anti-inflammatory, and anticancer effects. Several studies have shown
quercetin to have anti-amyloidogenic and neuroprotective benefits against neurological disorders

(Elreedy et al., 2023).

Several research projects are being carried out in Pakistan that focus mainly on the health and
industrial benefits of probiotics and polyphenols. The current study demonstrates how a
combination of probiotic and a polyphenol plant extract might simultaneously alter numerous
GBA signaling elements in order to halt the start of AD and delay its progression, possibly
through antioxidant mechanisms. Although though both the probiotic formulation and quercetin
can independently trigger effects on some of the risk variables of AD, the formulation is the only
one that can consistently reduce all the studied risk factors, making the combinatorial therapy

more effective than any of its ingredients.
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OBJECTIVES

1. To analyze the prophylactic effects of Limosilactobacillus fermentum Y55 & Quercetin
on anxiety and cognitive deficits of learning and memory via behavioral tests in AICl3
induced AD rat model.

2. To compare the effect of Limosilactobacillus fermentum Y55 and Quercetin with

Donepezil on AD rat model.



Chapter 3 Materials and Methods

CHAPTER 2

LITERATURE REVIEW

2.1 Alzheimer’s Disease

A gradual age-related neurological disorder, Alzheimer's disease that was first identified as
Dementia Praecox by the German neuropathologist Alois Alzheimer in 1907. Alzheimer
presented his research at the 37th Congress of German Psychiatrists, noting that "in the center of
an almost normal cell there stands out one or several fibers due to their unique thickness and
peculiar impregnability. The uppermost layers contain many tiny foci. They are determined by
the storage of specific substances in the cerebral cortex. Overall, we are dealing with a strange
disease process” (Hippius & Neundorfer, 2003). It is now known that the impenetrable fibers and
the millary foci, which were later known as neurofibrillary tangles and amyloid-based neuritic
plaques, respectively, are the defining characteristics of AD (Figure 2.1). As there was little
reaction to Alzheimer's discovery, senility and dementia were still seen as natural effects of
ageing. Dr. Emil Kraepelin first referred to AD as a particularly severe type of senile dementia in

1910 (Graeber et al., 1997).

In the US, AD is the sixth leading cause of death. It is believed that the incidence of AD ranges
from 1-3%, while its prevalence ranges from 10-30% of the population over the age of 65. This
is due to the fact that AD typically lasts for 10 years (Sun et al., 2020). Alzheimer's disease is the
most common kind of dementia that people suffer from. It is a neurodegenerative illness that
worsens over time and is frequently recognized (H. J. Park et al., 2020). The disease has a very
high death rate and is tightly linked to both hereditary predisposition and advancing age. The
prevalent disease AD is a major contributor to dementia, which begins with an unchangeable

7



Chapter 3 Materials and Methods

impairment in episodic memory and develops to a more general reduction in overall cognitive
function in the elderly. Dementia begins with Alzheimer's disease (AD) symptoms and ends with
dementia symptoms (Hafez et al., 2017; Osborn et al., 2016). Disorientation and a slow decline

in memory and intelligence are hallmarks of AD (Garabadu & Verma, 2019).

Clinically, the disease manifests as a slow-moving cognitive and behavioral deterioration. The
most prevalent form of the disease, dementia, affects about 50 million individuals worldwide,
and by the year 2050, it's predicted that there will be 152 million instances worldwide
(Yiannopoulou & Papageorgiou, 2020); Livingston et al., 2020). Primary carers for AD patients
have negative emotional and physical effects as well. According to a study, 37% of nursing
personnel who care for AD patients self-reported high emotional strain and 32% self-reported

high physical stress (Albers et al., 2014).

2.2 Pathophysiology of AD:

The buildup of two proteins in the brain is what leads to the onset of Alzheimer's disease. These
proteins, known as A-beta and tau, respectively produce external neuritic plaques and
intracellular neurofibrillary tangles. Inflammatory reactions as well as neuronal malfunction and
death follow. Instead of a-secretase and vy-secretase, B-amyloid-converting enzyme and y-
secretase break the amyloid precursor protein (APP), releasing A peptides that lead to the
buildup of plaques and tangles (De-Paula et al., 2012). Amyloid plaque buildup,
hyperphosphorylation of tau protein, mitochondrial dysfunction, neuroinflammation, and

oxidative stress are all signs of AD pathogenesis (Choi, 1995).
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Figure 1: Pathophysiology of Alzheimer’s disease

2.3 Hypothesis regarding AD

It is noteworthy that there are some established hypotheses connected to Alzheimer's disease
(AD), such as the amyloid-beta cascade hypothesis, the tau protein hypo phosphorylation
hypothesis, and the oxidative hypothesis, which may assist reveal the pathogenic processes that

underlie the disease. The etiology of neurodegenerative diseases such Parkinson's disease, AD,
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Huntington's disease, and multiple sclerosis all share the oxidative stress as a common factor

(Tarafdar & Pula, 2018).

2.3.1 Amyloid beta Cascade Hypotheses:

This hypotheses was originally put forth in 1991 (Hardy & Allsop, 1991). When Paul Blocq and
George Mannesco saw "circular buildup in the brains of aged patients" in 1892, they first
hypothesized the existence of A-beta plaques. Glenner extracted "beta-amyloid" from the
meningeal arteries of Alzheimer patients after nearly a century of study and found the peptide

sequence in part (Glenner & Wong, 1984).

The first non-amyloidogenic pathological route involves the engagement of a- and y-secretases
in the creation of molecules that are neurotrophic and neuroprotective for nerve cells when
conditions are normal. This pathway is followed when conditions are abnormal. These products
include the soluble ectodomain of APP- (sAPPa), the C-terminal fragment (CTF)-a, and various
smaller fragments. The first pathogenic pathway that is not amyloidogenic results in the
production of these compounds. The amyloidogenic pathological route is the second step, in
which APP is broken down by y-secretase to CTF-f and then by y-secretase to various lengths of
AP peptides, including AB42. AP42 is more prone to aggregation and form plaque than AB40 is,

and it also has a higher level of neurotoxicity (Carlo et al., 2012).

A considerable decline in spatial working memory, an increase in cholinergic dysfunction, a drop
in ChAT and AChE activity, and an increase in AChE activity in prefrontal cortex, hippocampus,
and amygdala are additional consequences of AB. Selected mouse brain regions also exhibit a
significantly higher level of apoptosis. Moreover, in all brain regions of rat, A substantially

decreased mitochondrial function, integrity, and bioenergetics (Semwal & Garabadu, 2020).
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2.3.2 Tau Hypothesis

The production of tau, a microtubule-associated protein, is dependent on a particular type of
alternative splicing that occurs in the MAPT gene. When Claude Wischik isolated tau from
plaques that were found in the brains of Alzheimer's disease patients in 1988, he demonstrated
for the first time that tau protein may be the primary cause of dementia (Wischik et al., 1988).

Tau and microtubules are found in the axons of neurons in brain (Fan et al., 2020).

Tau protein stabilizes microtubule assembly by interacting with tubulin through its isoforms as
well as through phosphorylation of its own protein. Six isoforms of the tau protein family, with
amino acid ranges of 352-441, make up this family the CNS isoform with the longest length, R1,
R2, R3, and R4, includes a total of 441 amino acids distributed among four repeats and two
inserts, whereas the isoform with the shortest length, R1, R3, and R4, has only three repeats and
no inserts (352 amino acids total). All six isoforms of tau are found within the paired helical
filaments that are characteristic of Alzheimer's disease, and many of them are in a

hyperphosphorylated state (Mohandas et al., 2009).

Cyclin-dependent kinase-5 (cdk-5) and glycogen synthase kinase-3b (GSK-3b) are two of the
several kinases that are implicated in the pathological process of tau hyperphosphorylation. They
can target a number of tau phosphorylation sites (Gong et al., 2005). The cytoskeleton becomes
unstable as a result of the hyperphosphorylation of the tau protein, and nerve cells deteriorate. It
is vital to note that tau is critical for the stability of cytoskeletal microtubules in this sentence

(Garcia & Cleveland, 2001).

2.3.3 Significance of Oxidative Stress in AD
Unbalanced levels of antioxidants and free radicals are referred to as oxidative stress. Another

early sign of AD is oxidative stress (Qu et al., 2020). Reactive oxygen species (ROS or free
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radicals), of which 95-98% originate from byproducts of the mitochondria's electron transport
chain (ETC), may be a mediator of oxidative cell damage and cell death (Lum & Roebuck,
2001). An organ with a high oxygen demand is the brain for it to function effectively, making it
vulnerable to the effects of ROS. Moreover, the brain has a low concentration of enzymes and
other antioxidant molecules and has a high amount of polyunsaturated fatty acids that are
susceptible to oxidation. Moreover, it has a significant amount of iron, a potent ROS catalyst (X.
Wang et al., 2014). The ROS are typically reactive molecules that contain oxygen. ROS that are
unstable, transient, and highly reactive are either free radicals or compounds that readily produce

free radicals, ranging in reactivity from low to high (Madreiter-Sokolowski et al., 2020).

Overproduction of free radicals can contribute to the buildup of the tau and beta-amyloid (Ap)
proteins, two hallmarks of Alzheimer's disease (AD) (Abramov et al., 2020). At physiologically
normal quantities, free radicals are crucial for synaptic plasticity, which in turn affects memory
and learning. Nevertheless, when oxidative stress is elevated in neurodegenerative illnesses like
AD, synaptic plasticity and memory are compromised (Massaad & Klann, 2011). As a
therapeutic target, oxidative stress is a topic of extensive research for treating the learning and
memory deficits in AD. 8-Hydroxy-deoxyguanosine (8-OHdG), a biomarker of DNA oxidative
damage, is seen higher in the nuclear and mitochondria of Alzheimer’s patients and animal

models (Santos et al., 2012).

In the case of Alzheimer's disease, ETC is inhibited, resulting in a buildup of electrons in
complex I and coenzyme Q (CoQ). It is possible for the electrons that have gathered there to be
given directly to molecular oxygen to produce the nitric oxide, superoxide radical (O%) and the
superoxide radical (O2) can combine to generate the peroxynitrate radical (OONO-). The H 20 »

is changed into the hazardous hydroxyl (OH) radical in the presence of transition metals. As a
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result, AD is linked to ETC malfunction and the generation of free radicals. A lack of antioxidant
capability is another feature of AD. Glutathione levels are low and the activity of the enzymes
Cu/Zn SOD (superoxide dismutase) and (GSH) are diminished. As a result, antioxidants are

powerless to stop the free radicals from causing cellular harm (Aliev et al., 2002).

2.4 Gut-brain Axis

It was theorized that "nervous weakness" may result in defective digestion, or on the other hand,
that impaired digestion may permit accumulation of toxins from the intestines, including
bacteria, that disrupt the action of the nervous system. The concept of connectivity between the
stomach and the brain dates back as far as the eighteenth century. At the time, physicians

reported on such illnesses as "neurasthenia gastrica” and "autointoxication” (Lillestal, 2018).

The gut-brain axis, which interacts in both healthy and sick states, is an anatomical connection
between the gut and the central nervous system (CNS) (Mayer, 2011). Understanding the
crosstalk between the gut and the brain has revealed a complicated communication system that
ensures the proper maintenance of gastrointestinal homeostasis. Moreover, several effects on
mood, motivation, and higher cognitive abilities are anticipated from this system. "Gut-brain
axis" (GBA) is a phrase that describes the intricate nature of these relationships (Rhee et al.,
2009). Its job is to keep an eye on and integrate gut processes while also connecting the brain's
affective and cognitive regions to peripheral intestinal processes and mechanisms include
intestinal permeability, entero-endocrine signaling, enteric reflex, and immune activation. The
mechanisms underlying GBA communications include the involvement of neuro-immuno-

endocrine mediators (Tsigos & Chrousos, 2002).
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It has been speculated for a long time that the gut may be home to as many as 10** bacterial cells,
which would explain for the reputed 10:1 ratio of bacterial cells to human cells that is frequently
mentioned in the literature. Yet, according to recent studies, there are about 3.8x 102 bacterial

cells overall in the gastrointestinal (GI) tract, making the above ratio 3:1 (Sender et al., 2016).

When a newborn is exposed to a variety of environmental stimuli, the gut microbiota grows in
size and diversity. By the time an infant is one to two years old, an adult-like microbiome is
visible. Because of its dynamic nature, the microbiome of the gut can be affected by a wide
range of factors, including the method of birth delivery, the transfer of microbes from the mother
to the child, genetics, food, infection, drugs (such as antibiotics), age, and stress (Penders et al.,
2006); Yatsunenko et al., 2012). These factors have the potential to not only temporarily but also
permanently alter the composition of the gut. Other phyla, such as Proteobacteria,
Actinobacteria, Fusobacteria, and Verrucomicrobia, are found among the microbial diversity of
gut, although in substantially lesser levels. Firmicutes and Bacteroidetes are the two bacterial
phylotypes that predominate in the gut microbiome. Despite the fact that each person's gut
microbiota is unique, people have been classified into three "enterotypes”, each of which is
dominated by a different species of bacteria: Prevotella, Ruminococcus, and Bacteroides

(Arumugam et al., 2011).

14



Chapter 3 Materials and Methods

ANS, ENS, HPA

Vagus nerve

Brain
. . 453 =%
L fﬁpm .
- Gut - "ﬁ\\ \' 2
- “ =/
‘ g

Figure 2: Bi-directional pathway of Gut Microbiota-Brain axis (Suganya & Koo, 2020)..

2.5 Bi-directional communication routes of Gut brain axis

The gut-brain axis is considered to be bidirectional due to the fact that the microbiota in the gut
has an impact on the functioning of the central nervous system (bottoms-up approach), as well as
the CNS has an effect on the composition of the microbiota in the gut. In other words, the
microbiota in the gut has an effect on the CNS (top-down approach). The brain is able to control
the function of the gastrointestinal tract by way of the hypothalamic-pituitary-adrenal axis as
well as the autonomic nervous system. For instance, the brain secretes norepinephrine in
response to stress, and this hormone has been shown to stimulate the proliferation of gut
pathogens (Mart’yanov et al., 2021). On the other hand, the gut is able to influence the functions
of the CNS by utilizing a wide range of metabolites and products derived from the microbiota,
along with neuroactive chemicals and gut hormones that travel through the enteric nervous

system. (Long-Smith et al., 2020).
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2.5.1 Vagus nerve

In the vagus nerve (VN), also called cranial nerve X, there are 20% motor efferent fibers and
80% sensory afferent fibers (Fllling et al., 2019). The vagus nerve, the 10th cranial nerve, travels
from the brain to muscular and mucosal layers of the gut. It plays several roles including

regulation of peristalsis in gut, satiety and Gl secretion (Breit et al., 2018)

It is the primary component of the parasympathetic nervous system. By the vagal circuit, it links
the brain and microbiota. The microbiota and other gut metabolites stimulate afferent vagal
neurons, causing them to fire action potentials and release glutamate, a neurotransmitter that is

primarily excitatory, in the nucleus tractus solitarius (NTS). (Giridharan et al., 2022).

2.5.2 HPA axis

The HPA axis, which is a component of the neuroendocrine system, reacts to both psychological
and physical stimuli and controls a variety of biological processes. Research shows that the HPA
axis and the gut microbiome are directly connected. The HPA axis action alters the gut
microbiota's makeup and raises gut permeability, making it easier for bacterial chemicals to enter
the bloodstream and cause persistent low-grade inflammation (Doifode et al., 2021). Healthy
human volunteers who consumed the B. longum1714 strain saw a reduction in cortisol levels.
This translational psychobiotic simultaneously enhanced visuospatial memory performance,
which is hippocampus dependent. The levels of plasma adrenocorticotropic hormone (ACTH),
pro-inflammatory cytokines, corticosterone, hypothalamic corticotropin-releasing hormone
(CRF) and intestinal permeability all increased in an animal model of partial restrict stress.
Combining different probiotics caused reduction in inflammation, permeability of intestine, and

the stress response of HPA axis (Giridharan et al., 2022).
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There has been evidence of bacterial translocation in neuropsychiatric disorders associated with
stress, such as depression. Limosilactobacillus farciminis, a potential probiotic, has the potential
to regulate barrier leakiness brought on by stress-related HPA response (Ait-Belgnaoui et al.,
2006). A human-derived microbiota cocktail containing five distinct Enterococcus and
Limosilactobacillus strains, respectively, reduced gut dysbiosis, leaky gut, and cognitive

deterioration in ageing mice fed high-fat diets (Ahmadi et al., 2020).

2.5.3 Neurotransmitters and Neuromodulators

Major contributors to the MGBA include metabolites and products generated from
microorganisms, which mainly affect host tissues or cells through interactions with receptors. A
byproduct of the microbially driven breakdown of carbohydrates, SCFAs have been proposed to
support lymphocyte function, glucose balance, mucosal serotonin release, and learning and

memory development through maintaining brain integrity (Clarke et al., 2013).

Another group of microbiota-related compounds, known as neuroactive molecules, also affects
the MGBA, most likely via the ENS. Neuroactive chemicals like dopamine, noradrenaline,
acetylcholine, melatonin, histamine and GABA that modulate the CNS have been shown to be

modulated by gut microorganisms, if not directly synthesized (Hsieh et al., 2020).

Consuming Limosilactobacillus plantarum and Macleaya cordata extract also helped preserve
the intestinal mucosal barrier and minimize intestinal oxidative stress in goats (Chen et al.,
2020). Therefore, it is possible to draw the conclusion that the ingestion of probiotic bacteria
may function as a biological barrier to the creation of reactive oxygen species (ROS) by
stimulating antioxidant enzymes, increasing the production of antioxidant metabolites, and
modulating antioxidant signaling pathways and gut microbiota (Amaretti et al., 2013; Y. Wang et

al., 2017). Polyphenols also play a role in secreting antioxidant enzymes. In an earlier study, the
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researchers utilized streptozocin to produce an AD model. After that, they utilized quercetin to
reduce the amount of damage done to the myelin and axons in a rat model of diabetic peripheral
neuropathy (DPN). In addition to this, they reduced the level of ROS production and increased

the diversity of gut bacteria in all of the groups (Xie et al., 2020).

2.6 Alzheimer’s and Gut-brain axis

Alzheimer’s is a side effect of peripheral inflammation in addition to limited brain inflammation
(Le Page et al., 2018). The fact that gut dysbiosis causes inflammation that worsens with age,
disrupts the BBB, activates the immune system, and then causes neurodegeneration is evidence
for this. On the other hand, a healthy, well-balanced stomach helps to lessen the negative
consequences of ROS (Luca et al., 2019). Similarly, the 5xFAD mouse model which mimics
Alzheimer's disease demonstrated shifts in the population of microbiota towards
proinflammatory species in conjunction with changes in amino acid catabolism. On the other
hand, therapy with antibiotics was able to reverse the effects, suggesting a probable link between

the severity of the disease and an altered gut population (X. Wang et al., 2019).

A Chinese cohort used the 16s ribosomal RNA MiSeq sequencing technology to determine the
changes in the gut microbial colonies of AD patients. According to the study, the gut microbiota
of AD patients had dramatically different ratios of three important phylas. Firmicutes had a
much lower relative abundance (p = 0.008) than proteobacteria, which had a significantly higher
relative abundance (p = 0.024). Moreover, less bacterioidetes were found in AD patients.
Important SCFA-producing bacteria are firmicutes. SCFAs are crucial for maintaining mucosal
barrier permeability and safeguarding the BBB. A decrease in the amount of circulating SCFAs
causes leaky gut and BBB degradation. Proteobacteria are proinflammatory microorganisms that
release cytokines and contribute to the buildup of LPS. Less of the clostridiaceae and
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ruminococcaceae were found in AD patients. Insulin resistance has been connected to their
reduced abundance. For AD, insulin resistance is a significant risk factor (P. Liu et al., 2019).
This data suggests that altering the diversity and composition of the microbiome through a
variety of mechanisms could be used as a potential therapeutic approach to slow the onset and

development of disease.
2.7 Conventional treatment for Alzheimer’s disease

Since the pathophysiology of AD involves numerous pathways and is a complicated
phenomenon, finding a single therapy approach is highly challenging. AD symptoms are treated
with antioxidant, anti-inflammatory, and cholinergic medications. Some medications have
negative side effects and do not halt the course of illness or neurodegeneration (Herholz et al.,
2004). The most preferred method for treating AD is to block acetylcholinesterase (ACE), which
recycles synaptic acetylcholine in grey matter. Decline in cholinergic neuron density is a
preliminary feature of AD. Acetylcholine activity is prolonged when acetylcholinesterase is
inhibited (Weller & Budson, 2018). Galantamine, rivastigmine, and donepezil are three of the
more popular ACE inhibitors. These medications are taken orally and have a variety of side
effects, such as heart block, bradycardia, sleeplessness, dizziness, allergic dermatitis, muscle
cramps, and loss of appetite followed by weight loss. This list of negative effects is in no way
complete; there may be more (Joe & Ringman, 2019) . Therefore, it is necessary to research

innovative therapies that slow disease progression and have fewer negative consequences.
2.8 Alternative therapy for AD

The significance of the microbiome in relation to neurodegenerative illnesses has lately been

investigated (Westfall et al., 2017). In addition, the axis between the gut and the brain is now
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known to be an important contributor to the development of neurodegenerative illnesses. Hence,

among the unique substances that might be used in AD prevention are polyphenols and

probiotics, which are essential for the preservation of a healthy microbiome (Bistoletti et al.,

2020).
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Figure 3: Mechanism of action of probiotics and polyphenols
2.8.1 Probiotics

The Food and Agricultural Organization of the World Health Organization provided the

definition currently in use, which defines probiotics as "live bacteria that, when delivered in

suitable proportions, impart a health benefit on the host.” The definition can be changed in

connection to food by highlighting the fact that microbes "when taken in suitable proportions as

part of food" have the positive impact (Joint FAO/WHO Expert Consultation On, 2001). For

health benefits, the Italian Ministry of Health (IMH) recommends consuming at least 1x10"9
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CFUs of viable probiotic cells per day (Kechagia et al., 2013). Probiotics are a commonly used,
reasonably priced, and well-tolerated therapeutic (Den et al., 2020). Although the precise process
by which probiotics exert their effects is still not completely understood, they have a variety of
mechanisms of action. These include anything from the creation of short chain fatty acids and
bacteriocin to nutritional competition, the lowering of gut pH, and the activation of mucosal

barrier function (Kechagia et al., 2013).

Probiotics have been shown to slow the progression of AD, notably the inflammatory response
and oxidative stress, and to improve cognitive decline. The balance of the gut flora can also be
brought back to its normal state with the help of probiotics (Evrensel & Unsalver, 2018). In
addition to acting as antibiotics, they regulate the pH level within the body, ensure the health of
the intestinal lining, and stimulate the production of brain-derived neurotrophic factor (Larroya-
Garcia et al., 2019). The proteins, known as BDNF, aid in the survival and development of
neurons in the brain. As a result, it is essential for neurological development. If these
components of the brain are absent, common problems including learning deficits and memory

impairments might develop (Naomi et al., 2022).

By altering the makeup of helpful bacteria in the gut microbiota and enhancing CNS processes,
probiotics have favorable impacts on the central nervous system (CNS). Probiotics, in addition to
brain neurotrophic factor, have an excellent prognosis for treating memory loss and mental
problems by directly altering brain biochemical substances like serotonin, -aminobutyric acid
(GABA), and dopamine (Ale & Binetti, 2021). The two genera of probiotic bacteria that are most
frequently utilized are Limosilactobacillus and Bifidobacterium. As they don't contain
lipopolysaccharides, eating them does not result in any kind of inflammation (Markowiak &

Slizewska, 2017). Probiotics' effects on spatial learning, memory, and other factors have been
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studied in rats with AD. In comparison to the AD group, rats given probiotics (B. bifidum, B.
longum and L. acidophilus) for four weeks demonstrated a significant increase in paired-pulse
facilitation ratios, long-term potentiation, lipid profiles, and spatial learning and memory.

(Rezaeiasl et al., 2019).

2.8.1.1 Anti-Alzheimer potential of Limosilactobacillus fermentum

Damage is caused to macromolecules such as proteins and nucleic acids when oxidative stress
causes an increase in the quantity of oxygen radicals within the cell. ROS are dealt with by
enzymes found within organisms, which neutralizes them and puts a stop to the damage they do.
The enzyme SOD, GPx, GR and non-enzymatic antioxidants are the principal defense systems
that protect the organism from the damaging effects of oxidative stress (Pizzino et al., 2017). As
supporting antioxidants, the usage of antioxidants derived from biological sources is growing in

popularity (Y. Wang et al., 2017).

The production of ROS is stimulated by redox-active metals like cobalt (Co), copper (Cu), and
iron (Fe), which cause redox reactions (Georgiadou et al., 2018). The use of probiotics may
confer several additional antioxidant effects. One of these approaches is the fact that certain
lactic acid bacteria have been demonstrated to be capable of chelating metal ions, despite the fact

that the precise mechanism of action remains a mystery (N. K. Lee et al., 2005).

In addition to encouraging the host to make antioxidant enzymes, lactic acid bacteria may
manufacture their own antioxidant enzymes. For instance, it has been demonstrated that
Limosilactobacillus fermentum contains SOD. (Kullisaar et al., 2002). Bacterial SODs have
shown promise in the treatment of Crohn's disease in studies that have been conducted using

mouse models (LeBlanc et al., 2011).
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Moreover, Limosilactobacillus fermentum are known to activate a number of pathways,
including MAPK, PKC, and Nrf2-Keapl-ARE, which play role in host as a responsive
mechanism against oxidative stress (Y. Wang et al., 2017). In addition to the Nrf2 pathway, this
lactic acid bacteria also stimulate the activity of Nrf2-related antioxidant enzymes like catalase,

heme oxygenase 1, and SOD (Feng & Wang, 2020).

When it comes to neurodegeneration, ferulic acid has an immediate effect on the neurons. Both
in vivo and in vitro studies have shown that it can stimulate the proliferation of brain stem cells.
In the former case, the number of neurons in the dentate gyrus increased as a result of FA of
mice receiving corticosterone treatment, demonstrating its strong capacity to induce
neurogenesis in vivo. For influencing communication between the commensal microbiota and
the brain more recently, ferulic acid has been a major target. In addition to dietary sources, some
gut microbiota have the ability to synthesis FA quickly and in large quantities through ferulic
acid esterase gene. The most effective of these is L. fermentum NCIMB 5221 (Westfall et al.,

2017).

Figure 4. SEM image of Limosilactobacillus fermentum (Long et al., 2022)
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2.8.2 Polyphenols

Phytochemicals are primarily secondary plant metabolites that can be found in a wide range of
foods and beverages, including fruit, vegetables, cereals, nuts, cocoa/chocolate, juice, tea, and
wine. Dietary intake of phytochemicals typically exceeds 1 g per day (Ovaskainen et al., 2008).
The most varied class of phytochemicals, flavonoids are found in large quantities in higher plants
and have exceptional medicinal potential (Nabavi et al., 2018). On the basis of their chemical
makeup, flavonoids are further split into six classes: flavonols, isoflavonoids, anthocyanidins,

flavanols and flavones (H. Khan et al., 2021).

The antioxidant and anti-inflammatory properties of flavonoids have received a lot of attention
because they play key roles in the pathophysiology of AD (Devore et al., 2012). Research has
shown that flavonoids may penetrate BBB. Hence, they could be used to prevent
neurodegenerative disorders. Nevertheless, the BBB-crossing capacities of various flavonoid
subclasses vary (Ullah & Khan, 2018). In the case of AD, its effectiveness is explained by a

decrease in oxidative stress and the toxicity of Ap (Deng et al., 2017).

2.8.2.1 Quercetin

The flavanols are a subgroup of flavonoids, and Quercetin is a flavanol. One of these compounds
that people consume the most in their diets is Quercetin, with an average daily consumption of
between 5 and 40 mg (Costa et al., 2016). Five hydroxyl groups and three ring configurations
make up the chemical makeup of Quercetin. It has the ability to pass BBB, which, in the context

of neurodegenerative disease, is critical. (Calfio et al., 2020).

Many qualities of Quercetin, such as its anti-inflammatory and antioxidant capacities, are

advantageous to human health. This final point is especially important to keep in mind when
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discussing neurodegenerative diseases because the brain is an organ that is particularly
susceptible to oxidative stress. This is because the brain has a high concentration of unsaturated
fatty acids, a high rate of oxygen consumption, and a limited capacity for antioxidants (Chopra et
al., 2022). It is also possible to obtain it in free form by isolating it from the surfaces of leaf,
fruit, or bud extracts. Passiflorae, Compositae, Solanaceae and Rhamnaceae, are plant groups
that are high in quercetin (Alok et al., 2014). Quercetin is present in relatively high percentages
in apples, mangoes, red leaf lettuce, onions, tomatoes, asparagus, capers, buck weed, tea, citrus,
plums and berries (Kim et al., 2019) (Costa et al., 2016). Due to its ability to operate as a
substrate for gut microorganisms to produce SCFAs while remaining undigested until it reaches
the colonic section, the flavonoid can also function as a prebiotic (Chavarro et al., 2020); (Rice et

al., 2019).

In order to check the ability of quercetin on SCFA a study was conducted on rmTBI mice. In
faecal samples from rmTBI mice, we saw decreased levels of acetate, propionate, and butyrate.
These levels recovered in the animals that had been given quercetin (Balasubramanian et al.,

2022).

Quercetin has demonstrated therapeutic potential, enhancing cognitive abilities such as memory
and learning in AD. In patients suffering from Alzheimer's , there is evidence that quercetin
can improve learning, memory, and other cognitive skills (Anand David et al., 2016). In vitro
models were used to draw the conclusion that quercetin treatment inhibited the AChE and
secretase enzymes, inhibiting the breakdown of acetylcholine and reducing the synthesis of AP,
respectively (M. T. H. Khan et al., 2009); (Shimmyo et al., 2008). In vitro and computer

simulation studies have also shown quercetin can decrease beta-secretase-1 (BACE-1) enzyme
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activity by forming hydrogen bonds. The C-3 OH group has a crucial role in the suppression of

BACE-1 (Shimmyo et al., 2008).

Tauopathy frequently starts in the hippocampus, disrupting cognitive functions that depend on it,
before spreading to other parts of the brain. It has been proven that quercetin can lower the
phosphorylation of tau proteins and can limit the generation of NFTs in mice that have been
genetically engineered to imitate age triple transgenic Alzheimer's disease (Sabogal-Guaqueta et
al., 2015). The ability of quercetin to scavenge free radicals, chelate metals, and shield neurons
from metal toxicity account for the majority of its antioxidant activities It is possible for
quercetin to have an effect on enzyme systems, such as the nitric oxide synthase, as well as
transcriptional factors, such as Nrf-2, which are responsible for activating genes that code for

detoxifying and antioxidant proteins (Costa et al., 2016 ; Maccioni et al., 2022)

Citrus Mangoes

Cherries

Tea

Tomatoes

Onions Buckwheat

Figure 5: Sources of Quercetin (Costa et al., 2016)
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CHAPTER 3

MATERIALS AND METHODS

3.1 Chemicals

Aluminum chloride hexahydrate (AlCl3.6H20) was purchased from Scharlau (Product catalogue
no. ALO770). Donepezil under the brand name Donecept® was purchased from local pharmacies
in Islamabad, Pakistan. MRS Broth and MRS Agar were got from MERK. Chemicals for gram
staining like Safranine, Gram’s lodine, Crystal Violet and Decolorizer were bought from

Diachem. Quercetin in powder form was obtained from Dr. Imran at COMSAT university.

3.1.1 Probiotic strain selection (Limosilactobacillus Fermentum Y55)

Probiotic Isolate Limosilactobacillus Fermentum Y55 was selected that was previously isolated
by lab fellow Noor, (2019). This strain is further characterized exhibiting antioxidant potential

by in-silico analysis done by another lab fellow Ayesha, (2022).

3.2 Morphology assessment of L. fermentum Y55

3.2.1 Gram staining

Single colony was selected from MRS agar plate and dispensed on the droplet of distilled
present on the slide to make smear which was then fixed by heat. The smear was then treated
for 1 minute with crystal violet and removed with distilled water. It is then treated for 40 seconds
with an iodine solution, washed with ethanol for 5 seconds before being stained with safranin for

40 seconds, and finally washed with distilled water. After drying by air, it was examined with
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immersion oil under 100X objective lens microscope. Then catalase test was conducted. A single
colony of probiotic strain was picked with sterile loop and transferred to dry clean slide. 3%

H>02 was added on the colony and mixed well.

3.3 Animals

Institutional Review Board (IRB) of ASAB, NUST under ethical code “07-2022-ASAB-01/02”
approved the present study. Wister rats were bred and housed in the animal housed in the animal
house of Atta ur Rahman School of Applied Biosciences (ASAB), National University of
Sciences and Technology (NUST). Rats were housed in cages with a natural light-dark cycle and
a constant temperature of 25°C (12-12 hours). Animals were provided with unlimited access to
distilled water and a standard meal of crude protein (30%), crude fat (9%), crude fibre (4%), and
moisture (10.4%). Experiments were conducted using male rats (n=36), weighing 150-200 g,

and between 1.5 and 2 months old.

3.4 Study design

Before the start of animal trial probiotics were revived from the stocks and undergone gram
staining and catalase test. Probiotic dosage of 1.5x10° CFUs/mL/day/rat was given to two groups
i.e TP group and TPQ group. Probiotic strain of Limosilactobacillus fermentum Y55 was grown
for 24 hrs. in MRS broth and then centrifuged for 10 minutes at 6000 rpm at 4° temperature. Cell
pellet was washed with PBS two to three times. They have since been combined with distilled
water, and their turbidity has been compared to the 0.5 McFarland standard. Optical density of
dosage was matched with 0.5 McFarland standard i.e., 0.081-0.1. Fresh dosage was prepared on

the same day of administration.
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A 2.5-month long plan was formulated to evaluate the effect of L. fermentum Y55 and Quercetin
in AICI3 induced Alzheimer’s model of Rat and then compare the effect of probiotics and
Quercetin given to rat both separately and collectively with Alzheimer’s model and Positive
control model i.e., Donepezil model. Afterwards behavioral tests were conducted to check the

memory impairment and anxiety followed by decapitation of animals for histopathological

studies.

Details of all the groups are provided in the table.

Table 1: Groups used in this study.

Materials and Methods

Sr | Experimental Groups | (n) Treatment
No. 30 Days 30 Days
1. | Negative Control group | 6 Distilled H20 Distilled H20
2. | Diseased Control group | 6 120 mg/kg AICI3 Distilled H20
3. | Probiotic Treated group | 6 120 mg/kg AICIs + Probiotic | Probiotic 1.5x10°
1.5x10° CFUs CFUs
4. | Quercetin Treated | 6 120 mg/kg AICIs + 25mg/kg | 25mg/kg Quercetin
group Quercetin
5. | Probiotic & Quercetin | 6 120 mg/kg AICIs + Probiotic | Probiotic 1.5x10°
Treated group 1.5x10° CFUs + 25mg/kg | CFUs + 25mg/kg
Quercetin Quercetin
6. | Positive Control group |6 120 mg/kg AICls 3mg/kg Donepezil
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3.6 Behavior studies

Behavior tests were done during the light cycle of rats, from 9 am. to 5 p.m., so that the
rat's circadian rhythms would not cause any changes. Before beginning the behavior experiment,
the rats were habituated for 30 minutes in the appropriate behavior room. The temperature was
kept at 22 + 2°C, and the room was sufficiently illuminated. The level of human intervention and
disturbance was kept to a minimum. For video recordings of behavior tests, a video camera was

connected to a tripod stand (S. Lee et al., 2012).

3.6.1 Elevated plus maze test (EPM)

The EPM is used all over the world to examine the psychological and neurochemical causes of
anxiety as well as to test rodent genotypes and anxiety-modulating drugs. Both conventional
anxiety indices and ethologically derived "risk assessment" behavior are tested using the elevated
plus-maze. There are many different regions involved, but the hippocampus and amygdala are

the primary ones (Reddy & Kulkarni, 1998).

Apparatus

The elevated plus maze had four arms, two of which were closed alleys and two of which were
open alleys. The apparatus had 30 x 5 cm-long arms and was composed of an opaque iron alloy.

It was raised 75.5 cm off the ground.
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| Enclosed

Figure 6: Elevated plus maze test apparatus.

Procedure

EPM was done in accordance with the established protocol by (Arendash et al., 2004). To start
the experiment, rats were placed in the plus, facing the closed arm, and they were observed for
5 minutes. A spectator sat still 1.5 meters from the maze's center. A video recorder was set to

record the behavior of rats in the above-mentioned time. Following parameters were analyzed

through the video:
1. Time spent inopenarm.
2. Number of entries in open arm.

3.6.2 Y-maze test

A well-established test of spontaneous exploration behavior in rodents is the Y-maze. It has also
been referred to as a working memory test, an active or spontaneous working memory test, and a
test of spontaneous alternation performance. Animals' natural behavior to explore undiscovered
areas serves as its driving force.(Lalonde, n.d.). A mouse with an intact working memory, and

consequently an intact prefrontal cortex, will recall the arms that have already been visited and
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will have a propensity to enter a less often visited arm. During trial period or probe testing, one
arm is blocked to test the animal's recollection of the arm that it has never visited before.

(Kraeuter et al., 2019).

Apparatus

Three light-colored, opaque arms that are 120° apart from one another and each measure 16 cm
high, 10 cm broad, and 40 cm long make up the Y-maze. The first arm is the starting arm, the
second is the other arm, and the third is the novel arm, which is kept closed during the
habituation phase and opened during the trial phase. The starting arm is where the animal is

placed (Jung et al., 2020).

Figure 7: Y-maze test apparatus

Procedure

Animal was put inside a Y-maze during the habituation period, with the novel arm remaining
closed off and only the start and other arms being open the animal was left free to explore its
surroundings for 15 minutes while it was positioned in the start arm of the y-maze, facing the
wall of the start arm. The animal was removed from the maze when the habituation period was

over and placed back in its cage in order to create a 15-minute intertrial period between the
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habituation and probe trials (Kraeuter et al., 2019). Animals were then free to roam the maze for
around five minutes during the probing phase. A camera positioned above the maze captured the
trial. Between habituation, the probing trial, and the following animal session, the maze was
thoroughly cleansed and wiped with 70% ethanol to eliminate any odor cues for the animal. The

following parameters will be evaluated using recorded videos:

1. Time spent in each arm
2. Spontaneous alternation performance (%)
% Spontaneous alternation performance = (No. of Spontaneous alternation / total number

of entries —2) x 100

3.6.3 Novel object recognition test (NOR)

This behavior test was created in 1987 by Ennaceur and Delacour (Ennaceur & Delacour, 1987)
based on the instinctive need of animals to investigate novelty. It focuses on the notion that a
mouse will spend more time researching and examining an object that it has never seen before (a
novel object), as opposed to spending time researching and exploring an object that it has seen

before (familiar object).

Apparatus

The apparatus is made up of a box that is open on all sides and measures 80 centimeters in width,
80 centimeters in length, and 50 centimeters in height. The items that needed to be distinguished
were made of physiologically inert substances like glass, plastic, or metal. The objects under the

study should be weight to prevent the animals from moving them.
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Figure 8: NOR test apparatus

Procedure

It comprises of two 10-minute test trials that are separated by 20-minute interludes. Five minutes
were given for the participants to adjust to the square wooden box. Two comparable objects were
put into the box being used to conduct the NOR test during the familiarization session, and the
mouse was given free will to interact with the objects. One of the two familiar objects was taken
away after the familiarization session. A new object was put in the spot of the one that was
removed. This new item was referred to as a novel object. The rat was free to investigate and
engage with both objects after the inter-trial break. Rat physically touching or sniffing the object

is regarded as exploration.

e Time spent with novel and familiar object.

e The discrimination index.

3.6.4 Morris water maze test (MWM)
Few years ago, Morris, 1981 introduced a device to examine the spatial learning and reference

memory in rat. With repeated training exercises, animals discover the platform and discover how
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to get out of the pool. It has been used in some of the most complicated studies of the
neurobiology and neuropharmacology of spatial learning and memory, despite the very simple

core technique. (D’Hooge & De Deyn, 2001).

Apparatus

The tool was a circular steel pool with a height of 60 cm and a diameter of 120 cm. The pool was
presumably divided into four quadrants and contained opaque water that was 34 cm deep. For the
animals to exit the water, a submerged platform of 13 cm in diameter and 32 cm in height was
positioned in the northwestern quadrant The animals might use spatial cues on the pool's walls to

find a hidden platform by navigating from the release site around the pool's circumference.

———
A N
y N
Y 4 A
/4
[ ;/ ?\}
\\ - y/
\;\:a //
N .
D SR = P

Figure 9: MWM test apparatus

Procedure

With a few minor alterations, the test protocol was the same as that previously described
(Bromley-Brits et al., 2011). It features a five-day acquisition phase and a one-day probe trial
after that. A total of five trials were conducted for the learning assessment each day. Throughout
the whole test, the platform’s location was unaltered. It was planned for the starting direction to

change for every trial, every day (Table:2). The trial’s cutoff time was 90 seconds, and there was
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a 10-minute break between trials. If the rat discovered the platform before the 90-second time
limit, it was permitted to linger there for 5 seconds before being put back in its cage after drying.
After 90 seconds, if the rat had not found the platform, it was placed there and given 20 seconds
to remain there before being put back in its cage. The average of the five trials for each day was
determined after the escape latency was recorded. On the sixth test day, one trial was conducted
without a platform zone and with the release direction remaining unchanged. By monitoring the
amount of time, the rat spent in the previously learned platform quadrant throughout the probing

trial, reference memory was checked. Three parameters were calculated:

e Escape Latency over 5 days.
e Number of crossings over the platform on 6™ day.

e Time spent in the target quadrant on 6™ day.

Table 2 : Direction of release of rat, for Morris Water Maze Test

No. of Days DIRECTION OF RELEASE

Trial 1 Trial 2 Trial 3 Trial 4 Trial 5
Day 1 West South North East South
Day 2 North West East West South
Day 3 North East West South North
Day 4 East South West East North
Day 5 West South North East South
Day 6 SINGLE TRAIL WITHOUT A PLATFORM

RELEASE DIRECTION WEST*
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3.7 Histopathological analysis of brain tissues

3.7.1 Perfusion fixation

As previously mentioned by (Gage et al., 2012), heart perfusion was carried out. Fixative
solution was administered through the vascular system to fix tissue quickly and uniformly. The
test mouse was put on the surgical table with its back facing down after being given anesthesia.
Needles were driven through the appendages to hold them in place, securing the animal. By
slicing through the connective tissues at the base of the diaphragm, the rib cage was made
accessible. After that, the ribs were sliced just to the left of the midline of the rib cage. With the
help of forceps, the heart was held steadily in a fixed position while a needle was introduced 5
mm deep into the left ventricular protrusion. The release of the perfusion drip valve allowed a
slow, steady flow of 0.9% normal saline. To enable unrestricted solution flow through the
vascular system, a cut was created in the right atrium with the use of sharp scissors. After
passing saline, the body was free of blood. Instead of the saline, 4% paraformaldehyde (PFA)
solution was used then. The liver's coloration lightened after PFA injection, and the animal's tail
stiffened. Perfusion was terminated at this moment, and the brain was carefully extracted. The
isolated brain was treated for dehydration and embedding after being maintained in

formaldehyde.
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Figure 10: Perfusion fixation

3.7.2 Paraffin embedding and block formation

The brain tissue was dehydrated over the course of 24 hours using a series of alcohols
(isopropanol), 70% for 1 hour, 95% for 1 hour, and 100% for 1 hour, followed by paraffin
infiltration. The brain tissues were next immersed in xylene for four hours. Paraffin embedding
was then carried out by preserving the tissue in melted paraffin for 4 h at 60 °C, followed by
four hours of cooling in a mould (block formation). After that, blocks were sectioned using a

microtome at room temperature.
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3.7.3 Hematoxylin and Eosin

On a 5y tissue segment, conventional hematoxylin-eosin staining was carried out. The tissue was
deparaffinized, incubated in Mayer's hematoxylin solution for 8 minutes, and then rinsed for
5 minutes in warm water. Eosin was used to counterstain the sections for a period of thirty
seconds. Then soaking in 95% ethanol was done. Dry the slides and mount the cover slips. The
images were seen under an inverted light microscope at magnifications of 4X, 10X, and 40X.

OPTIKA Lite Software Version 2.11 was utilized for the acquisition and analysis of images.

3.8 Statistical analysis

Graphpad Prism version 8.0.1 was utilized in order to do the analysis on the results and to apply
tests of One-way analysis of variance (ANOVA) or two-way ANOVA to dataset to determine
whether statistical significance exists. Tukey's multiple comparisons test was also applied using
graphpad prism 8.0.1 to determine group to group differences. Mean £ SEM was used to present

error bars.
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CHAPTER 4

RESULTS

4.1 Phenotypic Identification of Limosilactobacillus fermentum Y55

4.1.1 Colony Morphology

The purified bacterial isolates were cultured on MRS agar plates. These colonies were observed

for their color and shape.
4.1.2 Gram staining

Gram staining was performed for the revived strain Limosilactobacillus fermentum Y55. The

strain was gram positive.

Figure 11: Different gram positive and rod shape morphologies of L. fermentum Y55 as revealed
by gram staining observed under compound microscope at 100X resolution.
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4.1.3 Catalase test:

No bubble formation was observed when L. fermentum Y55 was treated with 3% hydrogen per

oxide. So, it was catalase negative.

4.2 Behavior Analysis

4.2.1 Effect of Limosilactobacillus fermentum Y55 and Quercetin on anxiety in EPM

Elevated plus maze is one of the most extensively used assays to detect anxiety like behaviors in
rats. The assay leverages rodent’s natural behaviors to provide a useful experimental analogue
for anxiety. Animals having anxiety prefer to spend more time in closed arms on the other hand

animals experiencing low levels of anxiety tend to explore open arm more.

Analysis of elevated plus maze revealed that number of entries in open arm by negative control
group NC was more (p < 0.001) as compared to diseased control group. Similarly, Probiotic and
quercetin treatment group TPQ showed significantly more (p < 0.001) entries into open arm than
diseased control group. Likewise, Probiotic treatment group TP (p < 0.01) and Quercetin
treatment group TQ (p < 0.01) showed improved entries into open arms in comparison to
diseased control group DC. Positive control group PC showed less entries into open arm in

contrast to NC (p < 0.001) and TPQ (p < 0.001) group (Fig 12):

In elevated plus maze more time spent in open arm is also an indicator for less anxious behavior.
Rodents in NC (p < 0.001) and TPQ group (p < 0.001) spent more time in open arm as compared
to diseased control group DC. Similarly, NC (p < 0.01) and TPQ (p < 0.01) group showed

improved anxious behavior than PC group (Fig 13):
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Figure 12: The effect of L.fermentum Y55 & quercetin on Number of entries in Open arm.
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Figure 13:The effect of L. fermentum Y55 & quercetin on Time spent in Open arm.
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4.2.2 Effect of Limosilactobacillus fermentum Y55 and Quercetin on spatial memory in Y-
maze

Y-maze is a well-known behavioral test. Animals prefer to visit the novel arm of the maze rather
than going to the arm that it has already visited. The time spent in each arm was recorded to look
for the exploration time for the formerly blocked arm (Fig: 14). Rodents in negative control
group spent more (p<0.0001) time in novel arm than disease control group similarly, TPQ group
also tend to be spent more (p<0.0001) time in novel arm when compared to diseased control
group which showed improved spatial memory. Likewise, TP (p < 0.001) and TQ (p < 0.001)
group also showed significantly more time in novel arm than diseased control group. Positive
control group has also showed improved (p < 0.05) spatial memory in contrast to diseased

control group.

Spontaneous alternation was assessed as successive entry in all the three different arms on
consecutive choices and is recorded when the rat enters in all the three different arms on
consecutive choices. There was a significant increase of spontaneous alternation in NC (p <
0.001) and TPQ (p < 0.01) group as compared to DC group. Similarly, TP (p < 0.05) and TQ (p
< 0.05) group showed significant improvement in spontaneous alternation in contrast to DC
group. TPQ group (p < 0.05) and NC (p < 0.05) group had also shown significantly improved
spatial memory than PC group (Fig: 15). The evidence suggests that the effect of oral
consumption Limosilactobacillus fermentum Y55 and Quercetin in combination helps in

improving spatial memory in AD rat models.
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Figure 14: The effect of L. fermentum Y55 & Quercetin on Time spent in novel arm.
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Figure 15: The effect of L. fermentum Y55 & Quercetin on (%) spontaneous alternation.
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4.2.3 Effect of Limosilactobacillus fermentum Y55 and Quercetin on recognition memory in
NOR

Recognition memory and exploratory behavior was determined using novel object recognition
test, by exposing the test animal to different objects. Rodents tend to explore novel environments

and objects rather than familiar ones. The recognition memory is measured in terms of DI.

Discrimination index of test session suggested that negative control spent significantly (p < 0.01)
more time with novel object than familiar object. Similarly, TPQ group had also shown
improved performance (p < 0.01) in spending more time with novel object. Recognition memory
was also significantly improved in TP (0.05) and TQ (p < 0.05) group. The evidence shows that
Limosilactobacillus fermentum Y55 and Quercetin treatment in combination was effective in
restoring recognition memory of AD rat models (Fig: 16).
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Figure 16: The effect of L. fermentum Y55 & Quercetin on recognition memory (% DI).
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4.2.3 Effect of L. fermentum Y55 and Quercetin on spatial learning & memory in MWM

The MWM contains two phases: a training phase and a probe trial, and it lasts six days.The
escape latency is used to test learning of spatial cues. The probe experiment was carried out on
the final day for reference memory, and three parameters were counted: the number of platform
crossings and the amount of time spent in target quadrant. On the training phases 5th day all
groups displayed improvement in escape latency other than diseased control group. Diseased
control group displayed significantly poor (p < 0.0001) improvement in escape latency on 5™ day
as compared to negative control group. The TPQ group showed significant improvement (p <
0.0001) in escape latency as compared to DC group. The final escape latency was 4.04, 4.1, 6.76,

4.6, 5.44 and 25.76 on the 5th day for NC, TPQ, TP, TQ, PC and DC group respectively.
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Figure 17: The effect of L. fermentum Y55 & quercetin on escape latency in MWM.
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The symbols * , # represent significance between Negative control and Diseased control group,
and Probiotic Quercetin treated group and Diseased control group respectively. The negative
control NC group made significantly more crossings (p < 0.001) as compared to diseased control.
The L. fermentum Y55 and quercetin treatment TPQ group had significantly higher performance
(p < 0.001) as compared to diseased control DC group. Improvement in number of crossings
across platform was also shown by L. fermentum Y55 treatment TP group (p < 0.05) and

quercetin treatment TQ group (p < 0.05) in contrast to diseased control group DC (Fig:18).
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No. of crossing over
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Figure 18: The effect of L. fermentum Y55 & Quercetin on spatial memory in MWM.
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The time duration which rats had spent in target quadrant was also evaluated. The negative
control NC group showed significantly more time (p < 0.001) in respective quadrant as
compared to DC group. Similarly, the duration of rats in TPQ group is significantly (p < 0.001)
more in target quadrant in comparison to diseased control DC group. Similar to what was seen
with TP (p < 0.01), tremendous progress was made there and TQ (p < 0.01) group as compared
to diseased control DC group. Positive control group PC group displayed significant (p < 0.05)
improvement in time spent in target quadrant as compared to diseased control DC group (Fig:

19).
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Figure 19: The effect of L. fermentum Y55 & Quercetin on time spent in target quadrant in
MWM .

4.3 Histopathological assessment

The hippocampus of rat brain was stained with hematoxylin and eosin stain. Results of staining
showed that neurodegeneration was observed in diseased control DC group in hippocampus as
compared to the negative control. Combination treatment of L. fermentum Y55 and Quercetin
has significantly restored neurodegeneration in AICLs-induced model showing neuroprotective
effect of both. On the other hand, probiotic treatment TP group, quercetin treatment TQ group

and positive control group PC also showed comparable better results than diseased control group.
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The morphology of neuronal cell bodies was analyzed, and these findings constitute the
qualitative outcomes of that analysis (Fig: 20,21,22). A marked difference was observed in cell
bodies in diseased control DC (p < 0.001) as compared to negative control NC group. Number of
observed cell bodies was also significantly improved in TPQ (p < 0.01) group. Probiotic
treatment TP group (p<0.05) and quercetin treatment TQ (p < 0.05) also showed significant

improvement. (Fig: 23)

Figure 20: H&E-stained coronal sections of hippocampus 4X magnification. (A) Negative
Control (B) L. fermentumY55 & Quercetin treatment TPQ group (C) L. fermentum Y55 treated
TP group (D) Quercetin treated TQ group | (E) Donepezil treated positive control PC group (F)

Alcls induced diseased control DC group.
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Figure 21: H&E stained coronal sections of hippocampus 10X magnification. (A) Negative

Control (B) L. fermentum-Y55 & Quercetin treatment TPQ group (C) L. fermentum Y55 treated

TP group (D) Quercetin treated TQ group | (E) Donepezil treated positive control PC group (F)
Alcls induced diseased control DC group

.
.

Figure 22: H&E stained coronal sections of hippocampus 40X magnification. (A) Negative
Control (B) L. fermentum-Y55 & quercetin treatment TPQ group (C) L. fermentum Y55
treatment TP group (D) Quercetin treatment TQ group | (E) Donepezil treatment positive
control PC group (F) Alcls induced diseased control DC group
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Figure 23: The effect of L. fermentum Y55 & Quercetin on cell count in dentate gyrus,
hippocampus.
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CHAPTER 5
DISCUSSION

Alzheimer’s is a complicated, age-related, and chronic condition, the pathophysiology of which
cannot be attributed to a single cause. Alzheimer's disease affects the brain's ability to store and
retrieve memories. There is no single pharmaceutical drug that can concurrently target all of
these risk factors in order to effectively prevent the progression of disease because of the
heterogeneous nature of these risk factors. This is because there is no single risk factor that can
do so. There are a number of factors that can play a role in the progression of Alzheimer's
disease. Some of these factors include neuroinflammation, metabolic instability, heightened
oxidative stress, and an imbalance in neurochemical signaling. In a similar manner, the
treatments that are currently available for Alzheimer's disease only address certain symptoms of
the disease, such as the memory loss, abnormalities in acetylcholine levels, behavioral problems,
or modifications in sleep patterns, as well as amyloid beta and neurofibrillary tangle

accumulation (Broadstock et al., 2014).

In this study previously isolated strain Limosilactobacillus fermentum Y55 was selected based on
their antioxidant potential as confirmed by Ayesha, 2022 in whole genome sequencing of this
strain. Its safety and survival profile in GIT was already assessed by Noor, 2019. This probiotic
strain due to its antioxidant potential serves as a protective strategy to overcome oxidative stress
leading to AD. As oxidative stress is higher in Alzheimer’s causing the accumulation of amyloid
beta plagues. Limosilactobacillus fermentum Y55 has different potential benefits like
maintenance of gut microbiota, cholesterol reduction and liver diseases. Limosilactobacillus
fermentum and other probiotics have been utilized as a therapy for AD. Moreover, to enhance the
antioxidant activity a polyphenol named as Quercetin is also used which together constitutes a
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symbiotic formulation. Quercetin also has anti-Alzheimer’s and antioxidant activity and is a

good approach to overcome prevailing cognitive impairment like Alzheimer’s.

The current study evaluated that both pre and post supplementation of L. fermentum Y55 days at
a dosage of 1.5x10° CFU per day and Quercetin (25mg/kg) on AD rat models treated with AICI3
(120 mg/kg) has a neuroprotective effect against AD due to their antioxidative properties. The
experiment was carried out for 60 days. For the first 30 days AICI3 was given to all groups
except the negative control group. TP, TQ, TPQ were given probiotics, quercetin and mixture of
probiotics and quercetin respectively prior to AICls. After 30 days AIClz administration was
stopped in all groups, but Probiotic, Quercetin and administration of their combination was
continued. In addition to this donepezil (3mg/kg) was given to PC group for 30 days. Anxiety
and memory impairment was detected through various behavior tests. The results showed that
AIClz induced Alzheimer’s was significantly attenuated by supplementing probiotics and

quercetin together.

The hippocampal and amygdala regions of the brain are involved in EPM, which calculates
depression and anxiety respectively (Igbal et al., 2016). The elevated plus maze is one of the
most popularly used tests for determining whether animals exhibit behaviors associated with
exploration or anxiety. The variables in the elevated plus maze. are the most appropriate for
assessing the anxiety and exploratory activity in the animals as soon as they are placed in the
elevated maze. This is done by assessing the No. of times they enter the open arms and time
they tend to spend in open arm, which ultimately determines how anxious the animal is when
exposed to a certain height and how it responds to this novel and aversive environment (Ikram et

al., 2021).
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Limosilactobacillus strain has shown to exhibit non-anxious behavior in elevated plus maze test.
A study on the novel probiotic Limosilactobacillus fermentum PS 150 against chronic mild stress
was done to assess the psychotropic potential of probiotics against depressed behavior in rats.
According to the findings, this particular strain performed better on the elevated plus maze test
than the diseased control group did in terms of depression and anxious behavior. This is because
PS 150 equalized the serotonin and IDO levels induced by CMS and stopped the degeneration of
the rat brain (Y.-W. Liu et al., 2019). Rats treated with Yersinia enterocolitica strain 8081
displayed more nervous attitude in the elevated plus maze test than rats given
Limosilactobacillus fermentum strain 9338 and diclofenac. Upregulated immunological,
inflammatory, apoptotic, and antioxidant defense response proteins are to responsible for this

(Ahlawat et al., 2021).

By acting as an antioxidant, flavanols like quercetin are said to be useful in treating AD and
neurodegenerative illnesses linked to oxidative stress. This method has also demonstrated
encouraging outcomes against anxiety, which can be demonstrated as being raised plus maze test
(Pattanashetti et al., 2017). In order to examine the effects of this flavanol on the behavioral
reactions of rats, Quercetin was administered to obese wistar rats that were receiving a high fat
and fructose diet (HFCD). It was shown that rats given quercetin exhibited less nervous behavior
in the elevated plus maze test because they spent more time in the open arm than the

diseased control group (Mzhelskaya et al., 2020).

On the other hand, donepezil causes anxiety. Donepezil, as was to be expected, lowered the
amount of acetylcholinesterase activity in the brain while simultaneously raising the levels of
cortisol throughout the body. This provides additional evidence connecting acetylcholinesterase

inhibition to anxiety-like behavioral and endocrine responses (Giacomini et al., 2020). This
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demonstrates that AD patients with elevated cortisol levels did not experience a reduction in
anxiety after therapy (Chang et al., 2018). On 15 young adults, a double-blind randomized
control study was conducted. It was shown that given donepezil therapy, their assessments of

vigour and anxiety were much higher than those of the controls (Pompeia et al., 2013).

This study corroborated the existing evidence that probiotics and Quercetin are helpful in
attenuating anxiety-like behavior. Combination therapy of Limosilactobacillus fermentum Y-55
and Quercetin caused significant decrease in anxiety like behavior in TPQ group as compared to
probiotic and Quercetin given individually when given along with AICIls. Reduced anxiolytics
behavior was indicated by an increase entry and time spent in open arm. On the other hand,
donepezil causes anxiety. So, it is found out that L. Fermentum Y55 and Quercetin together can

show more promising results in overcoming anxious behavior associated with AD.

Several parameters of memory including spatial memory, reference memory and long-term
spatial memory were studied by employing different behavioral tests to better determine the
effectivity of probiotic and quercetin treatment on deficits memory and learning in AD as
different procedures target distinct idiosyncrasies within a domain. Spatial reference and working
memory are assessed through the Y-maze test. The animal's natural exploratory activity and
spontaneous alternation can also be checked via this test. Total entries in each arm were counted
in order to evaluate spatial and reference memory deficits along with time spent in each arm was
evaluated and then % spontaneous alternation is determined. The impact of Limosilactobacillus
fermentum JDFM216 on old mice was examined in a study to better understand how
probiotic ingestion affects memory and behavior. It was concluded that JDFM216 has increased
the spontaneous alternation as compared to aged mouse group resulting in improvement of

spatial working memory (M. R. Park et al., 2020).
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The usefulness of quercetin has been documented, including its neuroprotective effects on
learning and spatial memory. It has been demonstrated that the bioflavonoid quercetin can slow
the progression of Alzheimer's disease when coupled with the compound AICIls. Working
memory was significantly enhanced in the group that received quercetin treatment as compared
to the group that received AICIs treatment. This is as a result of the fact that in the y-maze test,
the group that was given quercetin treatment exhibited higher instances of spontaneous
alternations (Elreedy et al., 2023). In another study 25-30 mg/kg Quercetin improved the spatial
working memory in Y-maze test. As the spontaneous alternations are higher in Quercetin treated
group as compared to Rotenone treated group. This is due to the fact that Quercetin lessens the
neuroinflammation (Jain et al., 2022). Similarly, according to their performance in the Y-maze,
donepezil treatment at 10 mg/kg and 3 mg/kg reversed memory impairment in hairless rats
caused by scopolamine. Before receiving an intraperitoneal injection of scopolamine, rats pre-
treated with donepezil showed a much higher percentage of spontaneous alternation (Shin et al.,
2018). Consistent with the above-mentioned results, improved spontaneous alternations were
observed for TPQ group i.e., Limosilactobacillus fermentum Y55 and Quercetin treated group as

compared to diseased group.

In the task of novel object recognition, the cortex and hippocampus mediate learning and
memory formation (Antunes & Biala, 2012). Mice and rats frequently interact with novel
objects. Spending more time interacting with the novel object sets object recognition apart
(Bevins & Besheer, 2006). Probiotics have the capacity to improve compromised detoxification
mechanisms by lowering oxidative stress and reestablishing the gut's flora. A study demonstrates

the neuroprotective and antioxidant effects of a probiotic combination made up of strains of
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Limosilactobacillus and Bifidobacteria. As compared to rats fed aflatoxin, those fed this
consortium for eight weeks demonstrated better memory and learning in NOR (Aytekin Sahin et
al., 2022). In a similar vein, there are several pieces of data that support the antioxidant
capabilities of quercetin. When the rodents were given Quercetin, they had an increase in SOD,
which is an antioxidant enzyme, and were able to alter the activity of GPx. As a consequence of
this, quercetin was able to ameliorate the memory impairment in mice brought on by rotenone, as
demonstrated by an improvement in the discrimination index in novel object recognition
(Madiha et al., 2021). Following the administration of donepezil, rats that had been previously
exposed to ethanol exhibited significantly improved performance in the NOR and MWM tests.
This was accomplished by donepezil's ability to reduce the oxidative stress and its ability to raise
dopamine levels in the dorsal hippocampus (Arif et al., 2022). Our results also unraveled that
Limosilactobacillus fermentum Y55 and Quercetin has improved the recognition memory in TPQ
group which was much decreased in aluminum exposed group. Other groups showed
improvement too but TPQ is better as polyphenols potentiates the effect of probiotics (Kadlec &

Jakubec, 2014).

The Morris water maze test is ideal for determining one's ability to acquire and remember spatial
relationships, as well as for determining one's reference memory (Vorhees & Williams, 2006).
Escape latencies that are measured on a daily basis are a good indicator of long-term memory
(Morris, 1981). Donepezil also possesses antioxidant qualities. Because it demonstrates the rise
in GSH levels when compared to the GSH levels in the streptozotocin rat model of Alzheimer’s
disease. Resultantly, the rat performs well in MWM as seen by a decrease in latency time in
trials that were repeated for five days, showing that learning and memory function were intact

(Saxena et al., 2008). Combination therapy comprising of Limosilactobacillus fermentum,
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Limosilactobacillus acidophilus and Bifidobacterium lactis was given to diabetic rats to assess
the effect of this combination against oxidative stress and impaired memory in diabetic
conditions. The results indicated that probiotics are beneficial in improving spatial learning and
memory in MWM in addition to optimizing antioxidant defense system in rats (Saeideh et al.,
2012). Mice that had been supplemented with LAB had a shorter escape latency and travelled a
shorter distance, but they spent a much longer amount of time in the platform zone. This was
linked to a reduction in the amount BACE1 mRNA in brains as well as a significant decrease in
the amount of nitric oxide. LAB12 was also responsible for an appreciable increase in
glutathione (Ahmad Alwi et al., 2022). According to research, quercetin can restore the cognitive
loss brought on by long-term reserpine use detected through MWM (Naidu et al., 2004).
Quercetin's ability to scavenge free radicals and oxidize metabolites, as well as the qualities of
iron or copper that chelate them and limit lipid peroxidation, may be the primary or indirect
processes behind this action. According to certain reports, quercetin stimulates glutathione
peroxidase (Sriraksa et al., 2012). Regarding the effects of Limosilactobacillus fermentum Y-55
and quercetin given collectively, had shown that Long-term spatial memory and learning was
improved as observed in escape latency in MWM. Moreover, rats in TPQ group had improved
reference memory as observed in probe trial. Hitherto, our experiment had showed that
pretreatment with combo of probiotics and quercetin  improved the behavior of animals. Now
our study further validated the results through histological evaluation. From the histological
examination, our results demonstrated that H&E - stained rat brain hippocampus showed
improved neuron structures along with pyknotic nuclei in TPQ groups as compared to aluminum
exposed group. AICI3z causes neurodegeneration due to increased inflammation, oxidative stress

and reactive glosis (Prakash et al., 2013). Cell counts achieved through treatment with probiotic
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& quercetin combination, probiotics, quercetin and donepezil were comparable to those achieved
through the negative control group. Donepezil is effective in both curing Alzheimer's disease and
recovery from injuries to the brain caused by trauma. Donepezil stimulates the production of new
neurons by controlling the activity of the cholinergic system and modulating signaling that is
dependent on BDNF and TrkB. Expression of BDNF and levels of phosphorylated TrkB are both
increased as a result (Zheng et al., 2018). Similarly, Limosilactobacillus fermentum inhibits the
activity of acetylcholinesterase (Handajani et al., 2022) and improve BDNF production thus
contributing to neurogenesis (Romo-Araiza & lbarra, 2020). In a similar vein, the antioxidative
quercetin possessed the capacity to influence the expression of genes involved in the regulation
of neurogenesis such as BDNF, CREB, and NGF (Karimipour et al., 2019). Hence, pretreating
with Limosilactobacillus fermentum and quercetin had proved to be a good option in maintaining

the morphology of neurons in TPQ group as compared to exposure group treated with aluminum.
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Conclusion and prospects

The current study showed that the strain Limosilactobacillus fermentum Y55 along with
quercetin have the therapeutic potential to mitigate the effect of Alzheimer’s disease. This
combination is effective in improving cognitive decline and anxiety-like behavior associated
with AD. As both probiotics and quercetin are cheap and well-tolerated in GIT, including them
in diet would be beneficial in lessening down oxidative stress and Alzheimer’s symptoms in aged
individuals. To precisely understand why these probiotics and quercetin combination were
particularly successful in treating AD, further research is required to fully understand the

intricate connection that exists between the microbiota in the gut and the brain.

In future, 16s RNA profiling of fecal microbial diversity could be done for the purpose of
analyzing the impact of probiotics and quercetin on microbial diversity in gut. Furthermore, the
effect of this combination must be studied on antioxidant and neurogenesis markers via RT-PCR
or ELISA Kits to give further insight as to how gut microbiota attenuates the severity of disease

symptoms.
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