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ABSTRACT 

Alzheimer's disease (AD) is a sinister neurodegenerative disorder that exacts a devastating toll 

on affected individuals and their families. It is characterized by the gradual and rather 

permanent loss of cognition, primarily attributed to the apoptotic death of neurons. The 

complexity of AD arises from a multitude of factors, including the enhanced expression of 

enzymes such as acetylcholinesterase (AChE), beta-secretase, and caspase-3, coupled with the 

accretion of neurotoxic amyloid plaques in the brain. The etiology of AD is multifaceted, but 

one of its central drivers is oxidative stress, which fuels both its initiation and relentless 

progression. At present, therapeutic approaches for AD are largely palliative, offering limited 

relief from symptoms and doing little to address the underlying pathological processes. 

Notably, AChE inhibitors like donepezil and rivastigmine have shown some promise in 

alleviating cognitive decline, albeit temporarily. However, there is a dire and pressing need of 

developing pharmacotherapeutic interventions that can truly modify the course of the disease, 

providing not only efficacy but also safety and cost-effectiveness in their application. This 

study focuses on two intriguing candidates for such intervention – vanillin and magnolol. 

Vanillin, a naturally occurring phytoconstituent, has been widely utilized in the food, beverage, 

and cosmetics industries as a flavouring agent. Remarkably, it has been safely ingested by 

humans for years. Previous in vitro studies have hinted at its potential as a neuroprotective 

agent. One such study reported that vanillin could reduce amyloid beta aggregation, a hallmark 

of AD. In conjunction with vanillin, another natural compound, magnolol, has been used. 

Magnolol, like vanillin, exhibits innate antioxidant properties. In earlier studies, magnolol has 

demonstrated its potential in mitigating pathological features resembling AD in a transgenic C. 

elegans model. This compound has shown promise in reducing Aβ accretion and enhancing the 

endocytosis and breakdown of Aβ in microglial cells. Additionally, it was also reported to 
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reduce amyloid beta induced cell death in vitro (PC12 cell lines). These findings suggest that 

magnolol and vanillin, individually and when coupled together, could contribute to a 

comprehensive anti-AD strategy. However, the study involves the novelty of introducing the 

Gut-Brain Axis (GBA) into the equation. GBA is a bidirectional communication system linking 

the gut microbiota with the central nervous system. In this intricate network, probiotics have 

emerged as influential players with demonstrated antioxidant and anti-inflammatory activities. 

Enter Lactobacillus rhamnosus, a probiotic with a well-established track record in maintaining 

gut health and, increasingly, in influencing brain function via the GBA. This comprehensive 

study employs a multifaceted approach to explore the individual and combined effects of 

vanillin, magnolol, and L. rhamnosus in the context of AD. A Swiss Albino Mouse model of 

AD is created by co-administering aluminum chloride and d-galactose, mimicking key aspects 

of the disease's pathological processes. The choice of these natural phenolic compounds, 

vanillin and magnolol, is grounded in their intrinsic antioxidant properties, offering potential 

neuroprotection against oxidative stress, a known driver of AD. The study's evaluations 

encompass a spectrum of parameters, providing a holistic assessment of the interventions' 

impact. Behavioural parameters, including transfer latency, escape latency, and novel object 

recognition, are measured to gauge cognitive function. Biochemical parameters, specifically 

antioxidant parameters and AChE inhibitory activity, offer insights into the compounds' effects 

at the molecular level. Molecular markers related to AD pathology, such as beta-secretase, 

caspase-3, Aβ1-42, and brain-derived neurotrophic factor (BDNF), are analysed via enzyme-

linked immunosorbent assay (ELISA). The results of this extensive investigation reveal an 

intriguing synergy between the interventions. Notably, the probiotic L. rhamnosus appears to 

enhance the anti-AD activity of both vanillin and magnolol. This enhancement can be 

attributed, in part, to the convergence of their common effects, particularly their antioxidant 
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properties. The diminution of oxidative stress is a pivotal factor in ameliorating AD pathology, 

and the combined approach seems to harness this effect effectively. It is important to 

underscore that the addition of a probiotic like L. rhamnosus to the regimen introduces a novel 

dimension to the treatment strategy. Probiotics have a rich history of therapeutic application 

for a variety of ailments, primarily gastrointestinal in nature. However, this study expands the 

growing body of research exploring the pharmacological effects of probiotics beyond the gut. 

The GBA is a fascinating area of investigation, and the findings here indicate that probiotics 

may potentially offer a promising avenue for modulating brain health and potentially 

influencing the trajectory of neurodegenerative diseases like AD. In conclusion, AD  remains 

a formidable challenge in the area of neurodegenerative disorders. The current arsenal of 

treatments is insufficient to halt its relentless progression. This study introduces a novel 

approach by combining the natural compounds vanillin and magnolol with the probiotic L. 

rhamnosus. The results suggest that this combination exhibits enhanced anti-AD effects, likely 

through their collective antioxidant properties. The study also underscores the potential of 

probiotics to impact brain health via the GBA, opening up exciting possibilities for future 

research. While further investigation is warranted, these findings offer a glimmer of hope in 

the quest of developing efficacious and safe disease-modifying interventions for AD. 
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1. Introduction 

AD is the commonest and most widespread type of dementia. AD is a slowly progressing 

neurodegenerative condition marked by Ab neuritic plaques and tau NFTs (Anand et al., 2018; 

Breijyeh and Karaman, 2020). According to reports, there were 43.8 million dementia sufferers 

worldwide in 2016, which shows an increase of 117% from the 1990 statistic of 20.3 million. 

It has been estimated that 152 million people will be suffering from AD and other dementias 

by the year 2050 (Li et al., 2022). The initial warning signs of AD include cognitive impairment 

and memory deficits. AD currently has no known cure, but there are treatments that can help 

with the symptoms (Kumar et al., 2019). The current pharmacotherapeutic approaches 

comprise of acetylcholinesterase inhibitor drug donepezil and NMDA glutamate antagonist 

drug rivastigmine (Anand et al., 2017a; Anand et al., 2017b). A major factor that accounts for 

initiation and development of AD is oxidative stress due to its neurodegenerative 

capability(Betteridge, 2000; Mori et al., 2013). Another lesser explored pathological pathway, 

pertaining to development of AD, which has gained research focus recently is via the GBA 

(Morais et al., 2021; Westfall et al., 2017). It refers to the bidirectional communication that 

exists between the enteric and central nervous systems (Carabotti et al., 2015). Gut dysbiosis 

is believed to lead to neuroinflammation which further augments the progression of AD (Anand 

et al., 2023b). 

In the current research, the individual and combined effects of Lactobacillus rhamnosus 

(a probiotic), vanillin and magnolol (natural phytoconstituents) have been evaluated in a mouse 

based model of AD involving the co-administration of aluminium chloride and d-galacotse. 

Aluminum readily penetrates the brain, affecting slow axonal transports, inducing 

inflammation, structural abnormalities, and synaptic anomalies that eventually result in 

neurodegeneration (Chiroma et al., 2018; S. E. et al., 2019). AGEs i.e. Advanced Glycation 
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End Products are readily produced by the reactions between d-galactose, which is a reducing 

sugar, and free amines. D-galactose, when given over an extended length of time, results in 

alterations that mimic the natural process of senescence in animals, including genetic changes, 

oxidative stress, immune system impairment, and cognitive loss. Moreover, it results in 

mitochondrial dysfunction and raises acetylcholinesterase levels in the brain (Chiroma et al., 

2018; Li et al., 2019; Shwe et al., 2018). In mice, it has been shown that administering D-

galactose and aluminium chloride together for 90 days leads to the development of AD, which 

is marked by an increase in beta secretase, Ab aggregation, and caspase-3 with a decrease in 

BDNF (Gao et al., 2015; Haider et al., 2020; Xiao et al., 2011; Xing et al., 2018).  

Vanillin, derived from vanilla pods, is a phenolic compound known for its antioxidant 

activities attributed to its chemical composition. It has been widely utilized in various food, 

beverage, and cosmetic products for its delightful fragrance and taste. (Anand et al., 2019). 

Vanillin, in previously published reports, has been documented to possess an ameliorative 

impact in scopolamine induced dementia like cognitive deficits in mice (Anand et al., 2022) 

and in a mouse model of AD (Anand et al., 2023a).  

Magnolol is a type of polyphenol, specifically a neolignan, which is sourced from the 

bark extract of Magnolia officinalis. These trees are predominantly found in Eastern and South-

Eastern regions of Asia (Poivre and Duez, 2017). According to an in vitro study conducted on 

PC12 cell lines, it was found that magnolol exhibited a reduction in cell death induced by Aβ. 

(Hoi et al., 2010). Additionally, magnolol was found to mitigate pathological features 

resembling AD in a transgenic model based on C. elegans. Furthermore, it was observed to 

decrease the accumulation of Aβ and enhance the endocytosis and breakdown of Aβ in 

microglial cells. (Xie et al., 2020).  
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The probiotic used in the present study is L.rhamnosus. Due to its capacity for surviving 

and proliferating at stomach acid pH, in medium containing bile, and adhering to enterocytes. 

It has the capacity to release soluble compounds that have a positive impact on the intestinal 

environment. It supports the survival of intestinal crypts, reduce apoptosis in intestinal 

epithelial cells, and uphold the integrity of the cytoskeleton, in addition to a biofilm that can 

provides mechanical protection to the mucosa (Segers and Lebeer, 2014). L.rhamnosus has 

been demonstrated to have an antioxidant property (Seth et al., 2008). A study documented that 

L. rhamnosus (109 CFU/mouse/day) by gavage showed decrease in depression and anxiety 

with effects observed in hippocampal and cortical regions of brain (Cheng et al., 2019). This 

strengthens the rationale to use the probiotic for CNS disorders. 

The assessment parameters were considered on the basis of endpoints reported in 

previously published literature. TL in Elevated Plus Maze paradigm (Itoh et al., 1990), EL in 

MWM paradigm (Bromley-Brits et al., 2011; Vorhees and Williams, 2006), and NOR (Antunes 

and Biala, 2012; Lueptow, 2017) behavioural tests were employed. To evaluate the antioxidant 

potential of various treatments, TBARS, GSH, CAT assays were performed (Anand et al., 

2022; Habibyar et al., 2016). Furthermore, to understand the effect of the mentioned treatments 

on various pathological pathways of AD, their inhibitory activity was assessed on enzymes- 

acetylcholinesterase (AChE), beta secretase and caspase-3. The in vivo capability of various 

test substances to reduce the aggregation of Aβ1-42 and elevate BDNF were also assessed. 

Histopathological analysis was employed to ascertain the neuroprotective effects of the chosen 

interventions.  

Using natural phytoconstituents like vanillin and magnolol, alongside probiotics such 

as Lactobacillus rhamnosus, presents a promising approach to treat AD, potentially offering a 

novel therapeutic avenue for this neurodegenerative condition. 



 
 
 
 

 
 

 
CHAPTER-2 

 
REVIEW OF 

LITERARTURE 



Chapter 2: Review of literature 
 

 
 

 4 

2. REVIEW OF LITERATURE  

2.1 Dementia and its types 

Dementia can be better understood as a collection of symptoms that have a significant impact 

on memory, cognition, and social abilities, rather than being considered a distinct disease. 

These disruptive effects on daily life stem from observable physical changes in the brain. 

Dementia can manifest in various forms, depending on the underlying pathological condition 

and the specific symptoms, as detailed in Table 2.1 (Alzheimer’s Association, 2017a). 

Dementia conditions exhibit a gradual progression, often commencing with initial difficulties 

in short-term memory that eventually culminate in complete memory loss. While the 

manifestations of dementia can vary, it typically involves dysfunction in at least two of the 

following fundamental cognitive functions: 

• Recollection or retention of learned things 

• Linguistic expression and interpersonal interaction  

• Capacity for staying attentive 

• Capacity for logical thinking and evaluation 

• Perception of visual stimuli (Alzheimer’s Association, 2017b) 

Apart from dementia, cognitive impairment may be manifested without any functional 

impairment. This syndrome is known as mild cognitive impairment (Petersen et al., 1999). 

Studies with community samples have revealed that its progression to dementia is about 12-

15% annually, at an average (Tuokko and Frerichs, 2000; (Anand et al., 2017a; Anand et al., 

2017b). 

 



Chapter 2: Review of literature 
 

 
 

 5 

Table 2.1: Various types of dementia 

Type of 

dementia 

Underlying 

pathophysiology 

Symptoms Remarks Reference 

Alzheimer’s 

disease 

Deposition of 

amyloid beta 

plaques and Tau 

neurofibrillary 

tangles in brain 

Begins with short term 

memory loss which 

progresses to 

disorientation, 

delirium, difficulty in 

speaking, swallowing, 

walking and other daily 

activities. Eventually, 

all social graces are lost 

Most common 

form of 

dementia. It is 

responsible for 

about 60-80% 

of dementia 

cases 

(Alzheimer’s 

Association, 

2017c) 

Vascular 

dementia 

Inadequate blood 

supply to brain 

tissue, usually 

following stroke 

Impaired judgement, 

difficulty on decision 

making, organizing, 

planning contrary to 

memory loss 

Less common 

in incidence. It 

is responsible 

for about 10% 

cases of 

dementia  

(Alzheimer’s 

Association, 

2017d) 

Dementia with 

Lewy bodies 

Abnormal 

aggregation of 

alpha-synuclein in 

cortex 

Memory loss, more 

prone to initial 

symptoms like sleep 

disturbances, well-

structured visual 

It is responsible 

for 10-25% of 

dementia cases 

(Alzheimer’s 

Association, 

2017e) 
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hallucinations, 

improper gait and 

slowness 

Mixed 

dementia 

Abnormalities 

linked with more 

than one other 

types of dementia – 

commonly AD, 

dementia with 

Lewy bodies and 

Vascular dementia 

Complications 

associated with more 

than one of the other 

types of dementia 

The incidences 

are more 

common than 

previously 

thought 

(Alzheimer’s 

Association, 

2017f) 

Parkinson’s 

disease 

dementia 

Deposition of 

alpha-synuclein in 

substantia nigra 

pars compacta 

leading to 

neurodegeneration  

Changes in memory, 

concentration, 

judgement, 

hallucinations, muffled 

speech, depression, 

irritability, anxiety, 

sleep disorders 

About 50-80% 

of sufferers of 

Parkinson’s 

disease develop 

this kind of 

dementia 

(Alzheimer’s 

Association, 

2017g) 

Frontotemporal 

dementia 

No common 

distinguishing 

microscopic 

abnormality in all 

cases 

Changes in personality, 

behaviour, language 

function 

Sufferers 

survive for 

lesser years 

than those with 

AD 

(Alzheimer’s 

Association, 

2017h) 
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Creutzfeldt-

Jakob disease 

Misfolding of prion 

protein throughout 

the brain causing 

malfunction 

Impairment in memory, 

behavioural changes, 

causes mad cow disease 

in cattle 

Rapidly fatal, 

occurs in about 

one in a million 

people 

worldwide, 

annually  

(Alzheimer’s 

Association, 

2017i) 

Normal 

pressure 

hydrocephalus 

Accumulation of 

fluid in brain 

Difficulty in walking, 

memory loss and 

inability to control 

micturition 

Mainly affects 

people in a 

younger age i.e. 

60-70 years 

than other 

dementias 

(Alzheimer’s 

Association, 

2017j) 

Huntington’s 

disease 

Single defective 

gene on fourth 

chromosome 

Significant decline in 

reasoning and thinking, 

abnormal involuntary 

actions, mood swings, 

depression, irritability 

Generally seen 

in very young 

age i.e. 30-50 

years. May be 

seen at 2 years 

of age or even 

at 80 years of 

age 

(Alzheimer’s 

Association, 

2017k) 

Wernicke-

Korsakoff 

Syndrome 

Chronic severe 

deficiency of 

thiamine 

Remarkable memory 

loss. Thinking, 

judgement and other 

Rare in 

occurrence 

(Alzheimer’s 

Association, 

2017l) 
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social skills are 

generally normal 

 

2.2 AD 

2.2.1 Epidemiology  

A German neuropathologist, Alois Alzheimer, initially documented AD in 1906. By the start 

of the 21st century, it was established as the commonest type of dementia among elderly 

population. In 2023, it has been estimated that nearly 55 million people globally are living with 

dementia, and the number of cases will be rising by approximately 10 million annually. (World 

Health Organization, 2023). AD is a neurodegenerative condition typically manifesting in the 

later stages of adulthood. It is characterized by a gradual and rather permanent deterioration in 

memory and multiple other cognitive functions. In AD, there is a breakdown of neurons and a 

decline in neural connections within the cortical areas of the brain, leading to a significant 

decline in brain tissue mass (Perl, 2010). AD consistently advances and typically leads to 

fatality within a span of 5 to 10 years from its initial onset (Dwyer et al., 2009). Death typically 

occurs as a result of complications arising from the long-term illness. AD ranks among the top 

five leading reasons for mortality within the United States population. (Centers for Disease 

Control and Prevention, 2017). AD is primarily an ailment that affects the elderly, but there 

are rare instances of it occurring in people in their 40s and 50s. Clinical studies show that 

approximately 200,000 individuals under the age of 65 have AD, whereas about 5 million 

individuals aged 65 and older are afflicted by it. Speculations suggest that a new case of AD is 

projected to emerge roughly every 33 seconds by the year 2050. (Alzheimer’s Association, 

2014). 
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2.2.2 Etiology 

The precise reasons contributing to the emergence of AD remain unclear, but several factors 

are recognized as significant contributors to the development of the condition. These factors 

encompass anomalies in the modification of tau protein mediated by phosphorylation, 

fluctuations in metabolism of calcium, increased turnover of ROS, neuro-inflammation, 

irregularities in energy metabolism, and the unwanted formation and aggregation of Aβ 

proteins, which are all thought to play crucial roles in the advancement of AD (Butterfield et 

al., 2002; Habibyar et al., 2016; Hardy and Selkoe, 2002).  

2.2.3 Pathophysiology 

AD is distinguished by the existence of two distinctive neuropathological features: 

extracellular Aβ plaques and intracellular Tau NFTs. The relatively less prominent familial 

form of AD which may present itself in early years of one’s life is the consequence of a 

mutation in any of three genes namely APP, Presenilin 1 (PS-1), or Presenilin 2 (PS-2). The 

sporadic variant appears generally after 60-65 years of age and is responsible for a large 

majority of the cases. Most likely, it occurs from an association of both kinds of factors, the 

genetic and the environmental. The only definite risk factors for sporadic AD are the existence 

of the E4 allele of apolipoprotein E and senescence. Plaques in AD are primarily composed of 

the neurotoxic peptide called amyloid (Aβ). This peptide is produced through a series of 

enzymatic cleavages of a large precursor protein, the APP. These cleavages are carried out by 

two enzymes: β-secretase, commonly referred to as BACE1, and γ-secretase, which involves 

four proteins, including presenilin. It is noteworthy that Aβ doesn't form if APP first undergoes 

cleavage by α-secretase, instead of β-secretase. NFTs, on the other hand, predominantly consist 

of the protein tau, categorized as a microtubule-associated protein (MAP). In normal cellular 

function, tau plays a role in binding to microtubules, facilitating the neuronal transport system. 
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However, in the progression of AD, tau disengages from microtubules and forms aggregations 

known as tangles. This aggregation disrupts the transport process and leads to the disassembly 

of microtubules. The modification of tau by phosphorylation also plays a crucial role in this 

process. (Allen and Dawbarn, 2011).  

Although AD is considered to be linked to several underlying pathophysiological 

mechanisms, a major part of pathogenesis has been attributed to oxidative stress. Oxidative 

stress also initiates and enhances the neurotoxicity due to Ab oligomers and Tau tangles, both 

of which are characteristic neuropathological hallmarks for AD (Huang et al., 2016).  

Ubiquitin is an oligopeptide which occurs in a highly conserved form in all eukaryotes. 

It is present in conjugation with the proteins that are to be targeted to the proteasome 

(Ciechanover and Schwartz, 1994). In two sequential steps, the Ubiquitin Proteasome System 

(UPS) clears the proteins i.e. a tagging reaction and the breakdown of the tagged proteins by 

the proteasome system (Oddo, 2008). UPS which is generally important for repair, degradation 

and turnover of proteins, is compromised in AD (Riederer et al., 2011). An elevation in the 

oxidative stress is a major reason for the declining function of UPS (Ross et al., 2015). This 

impairment in the UPS contributes to the accretion of Ab aggregates and Tau tangles in the 

brain. A more recent hypothesis regarding mitochondrial dysfunction in the development of 

AD suggests that impaired brain mitochondria function contributes to amyloid accumulation, 

reactivation of the cell cycle, and the phosphorylation of tau proteins. It has been attributed to 

oxidative stress and UPS impairment. Evidence exists suggesting involvement of the 

neurochemical systems related to cholinergic and glutamatergic functions in the etiology of 

AD. ACh is a vital neurotransmitter that plays a key role in cognitive processes and the 

acquisition of knowledge. In individuals with AD, there is a reduction in both the quantity and 

effectiveness of ACh in the brain. This deficit and additional presynaptic cholinergic 
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restrictions, like deterioration of cholinergic neuronal network and reduced AChE activity, 

validate the cholinergic hypothesis of AD. Another neurochemical hypothesis for development 

of AD is the NMDA related glutamate-based hypothesis. Glutamate is a stimulatory 

neurotransmitter which acts on NMDA receptors, that are pivotal in learning and memory. 

However, in some circumstances, over stimulation of NMDA receptors by glutamate causes 

neuronal damage due to excitotoxicity (Francis, 2005).  

2.2.4 Diagnostic methods 

The diagnostic methods for AD involve questioning the patient and his/her family and/or 

friends. Radiodiagnostic techniques, including Computed Tomography (CT), Magnetic 

Resonance Imaging (MRI), or Positron Emission Tomography (PET) may be carried out as per 

the requirement, intensity of clinical presentation, and the gravity of the situation. Concrete 

confirmation of AD can be ascertained only posthumously, by correlating clinical data to an 

analysis of brain in an autopsy (NIH National Institute on Aging, 2017a). 

2.2.5 Stages of disease progression and associated symptoms 

 

 

 

 

 

 

 

Fig. 2.1: Stages of AD progression and associated symptoms 
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The symptoms of AD get worse with time, although the pace at which the disease progresses 

is variable. Alterations in the brain related to AD commence years before any related clinical 

manifestations emerge. During this timeframe, which extends over several years, it is referred 

to as the preclinical stage of AD. The advancement of AD unfolds in three stages as given in 

Figure 2.1 (Alzheimer’s Association, 2017m). 

2.3 Animal models for testing potential Alzheimer's drug candidates preclinically 

Researchers globally have utilized various animal models to assess drug candidates' 

effectiveness against AD. Commonly employed conventional AD animal models are outlined 

in Table 2.2. 

Table 2.2: Commonly employed conventional AD animal models  

Model Animals used Disease 

inducing 

agent(s)  

Mode of 

disease 

induction 

Reference 

Aluminium 

chloride and d-

galactose 

model 

Mice Aluminium 

chloride and d-

galactose co-

administration 

Aluminium acts 

as a neurotoxin 

that enhances 

the APP 

expression 

whereas d-

galactose 

replicates the 

normal aging 

phenomenon 

(Xiao et al., 

2011a) 
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Ibotenic acid 

model 

Male rats Ibotenic acid Ibotenic acid 

acts as a potent 

activator of 

NMDA 

receptors, 

causing elevated 

glutamate 

levels, 

ultimately 

resulting in 

neuronal 

excitotoxicity 

(Karthick et al., 

2016) 

b-amyloid 

model 

Rats Amyloid-b 

protein 

Injecting 

neurotoxic Aβ 

peptide directly 

into the brain 

(Nitta et al., 

1994) 

Senescence 

accelerated 

(SAMP8) 

model 

Mice NA A mouse 

transgenic 

model with 

inherent 

accelerated 

aging, serving 

as a natural 

animal model 

(Morley et al., 

2012) 
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for excessive 

production of 

APP and ROS 

Scopolamine 

induced 

dementia 

model  

Rats/mice  Scopolamine Scopolamine is 

both a 

neurotoxic 

substance and a 

cholinergic 

antagonist, 

leading to 

heightened 

oxidative stress 

and decreased 

levels of ACh 

and 

monoamines 

(Habibyar et al., 

2016; Haider et 

al., 2016) 

 

2.3.1 Aluminium chloride and d-galactose induced AD in mice 

The simultaneous administration of aluminium chloride and d-galactose has been profoundly 

used to mimic non-transgenic AD. Separately, these agents were known to mimic certain 

parameters of AD pathogenesis. D-galactose was known to induce subacute senescence (J. Gao 

et al., 2015) while Aluminium was known to be a neurotoxin (Kawahara and Kato-Negishi, 

2011).  
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Both of these agents express the effect due to oxidative damage, mitochondrial 

dysfunction and elevation of AChE. After oral administration of Aluminium chloride, xanthine 

oxidase and glutathione peroxidase activities have been demonstrated to be increased and 

diminished, respectively, resulting in aggregation of intermediate neurotoxic products like 

H2O2 and OH- radicals, which might be essential for Aluminium toxicity (Moumen et al., 

2001). Following Aluminium chloride injection (intracerebroventricular), immune activity in 

phagocytic microglia and astrocytes, determined by estimation of glial fibrillary acidic protein 

and ED1, respectively, exhibited a greater inflammation in rat brain. Increase in inflammatory 

parameters and interactions with cholinergic neurons may contribute to the Aluminium caused 

cognitive and memory lapses (Platt et al., 2001). Aluminium ensues specific toxicity to 

cytoskeletal structures of brain neurons (Boni et al., 1976). Neurons express a typically greater 

sensitivity to Aluminium as compared to astrocytes. It has been demonstrated by the fact that 

neuronal-specific markers microtubule-associated protein type 2 (MAP2) and neurofilament 

light subunit (NF68KD) are restricted by lesser concentrations of Aluminium (IC50 180–630 

mmol/L) than GFAP (IC50 700–1000 mmol/L) (Muller and Bruinink, 1994). Prolonged 

exposure to Aluminium decreases the base activity of guanylate cyclase and causes an 

impairment in the cGMP related processes in vitro and in vivo. Aluminum diminishes the levels 

of nitric oxide synthase and calmodulin in the cerebellum by 15% and 34%, respectively. Rats 

exposed to Aluminum also experience a 66% decrease in the baseline activity of soluble 

guanylate cyclase, along with a 50% reduction in the base cGMP levels in the extracellular 

space of cerebellum (Hermenegildo et al., 1999). Aluminium can bind to amyloid β-protein 

and form cross-links between them, which causes the proteins to aggregate into oligomers. 

These oligomers are toxic to neurons (Shunan et al., 2021). Exposure to aluminium leads to 

advancement of amyloidogenic pathway via activation of beta secretase and gamma secretase. 
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Also, it leads to inhibition of alpha secretase thereby retarding the non-amyloidogenic pathway 

(Skalny et al., 2021). Administration of aluminium chloride has also been reported to enhance 

caspas-3 mediated neuronal apoptosis in brains of rodents (Mesole et al., 2020). Aluminium 

chloride has also been linked to an increase in oxido-inflammatory burden while reducing the 

levels of BDNF (Abbas et al., 2022). D-galactose can replicate the effects of natural senescence  

in mice and Aluminium can stimulate the expression of APP in neurons, which may promote 

generation of Aβ. The individual effects of Aluminium and D-galactose were well established 

by several experiments. However, the combined effect was still not elicited. A modified 

protocol made the use of co-administration of Aluminium chloride orally and d-galactose 

subcutaneously for a period of 10 weeks. This method used for Kumming mice resulted in 

development of AD like lesions. Formation of structures similar to senile plaques and NFTs) 

was also reported. The behavioural and pathological changes lasted for a minimum of 6 weeks 

post withdrawal of Aluminium chloride and D-galactose administration (Xiao et al., 2011b). 

Another modified protocol made use of D-galactose (60 mg/kg day, i.p.) and Aluminium 

chloride (5 mg/kg day, p.o.) once daily for 90 days to develop AD like condition (L. Gao et al., 

2015). The concurrent use of these substances is regarded as a simple and cost-effective method 

for creating an animal model (Wei et al., 2017).  

The key mechanisms of aluminium chloride and d-galactose in development of AD 

have been illustrated in Figures 2.2 (Skalny et al., 2021) and 2.3 (Li et al., 2019), respectively: 
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Fig. 2.2: Key mechanisms behind aluminium chloride induced neurodegeneration 

 

 

Fig. 2.3: Key mechanisms behind d-galactose induced neurodegeneration (GLO= 

Glyoxalase, AGE= Advanced Glycation Endproducts, RAGE= Receptor for Advanced 
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Glycation Endproducts, NF-kB= Nuclear Factor Kappa-B, SOD= Superoxide Dismutase, 

GSH-Px= Glutathione Peroxidase, TNF-a= Tumour Necrosis Factor alpha, IL= 

Interleukin) 

 A study reported an approximate decrease in viable neurons up to 71% in cornu 

ammonis 1, 78% in cornu ammonis 2 and 83% in cornu ammonis 3 regions of hippocampus 

following a chronic administration of aluminium chloride and d-galactose in rats for 10 weeks 

(Chiroma et al., 2018).  

 

2.4 Pharmacotherapeutic approaches for AD 

AD is a complex condition, and it is unlikely that any single drug or intervention can effectively 

cure it. Current pharmacological strategies aim to help individuals maintain cognitive 

functions, address behavioural symptoms, and slow down the disease's progression to delay 

the onset of symptoms. All the current therapies work by controlling the levels of specific brain 

neurotransmitters, primarily ACh and glutamate. These treatments can aid in preserving 

cognitive abilities, thinking processes, and communication skills, as well as partially alleviate 

certain behavioural problems. But these approaches do not treat the underlying cause of the 

disease. These treatments may not be universally effective for all AD patients and may provide 

varying degrees of benefit in terms of both effectiveness and duration. Several drugs are being 

marketed under the approval of the U.S. Food and Drug Administration (US-FDA) to provide 

symptomatic relief in AD (NIH National Institute on Aging, 2017b). The chief targets for 

pharmacological interventions in treatment of AD are given in Figure 2.4 (Kumar et al., 2016). 
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Fig. 2.4 The main targets for pharmacological interventions in AD 

2.4.1 Conventional clinical management of AD 

The current medications used in treatment of AD can be classified as: 

a. AChE antagonists: Rivastigmine, Tacrine, Galantamine, Donepezil. 

b. NMDA antagonist: Memantine 

2.4.1.1 AChE antagonists: These medications exhibit a symptom improvement in AD that 

depends on the dosage, with different levels of cholinergic side effects throughout the body. 

Initial investigations in this drug category involved substances such as tacrine 

(tetrahydroaminoacridine), velnacrine and physostigmin. However, among these compounds, 

only tacrine progressed to extensive clinical trials and was subsequently introduced 

commercially in the United States and certain regions of Europe. Subsequently, newer drugs 

such as rivastigmine and donepezil were also introduced in the field (McGleenon et al., 1999). 
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In individuals with AD, there is an increase in the activity of AChE, which accelerates 

the breakdown of acetylcholine and results in reduced levels of ACh in the brain. This enzyme 

also plays a partial role in the formation of Aβ plaques and NFTs. ACh additionally acts as a 

facilitator by assisting in the aggregation of Aβ peptide fragments, forming complexes with the 

growing fibrils. These formed complexes are more harmful to cells than Aβ fibrils on their own 

(Alvarez et al., 1998, 1997; Singh et al., 2013). 

These medications aim to raise the depleted ACh levels in the brains of individuals with 

mild to moderate AD by blocking the activity of the enzyme AChE, which is responsible for 

breaking down ACh, thus elevating its concentration. They are generally well-received by the 

majority of patients (Tabet, 2006).  

2.4.1.2 NMDA antagonist: Glutamate is a primary neurotransmitter in the mammalian brain 

that participates in excitatory postsynaptic signalling via different types of glutamate receptors, 

including ionotropic and metabotropic ones. Glutamate-gated channels and a set of G-protein 

coupled receptors modulated by glutamate are responsible for releasing Ca2+ from internal 

reserves. These channels are named based on the compounds that activate them: amino 3-

hydroxy 5-methyl 4-isoxazole-propionic acid (AMPA)-activated receptors, kainate-activated 

receptors, and NMDA receptors (Olivares et al., 2012). 

NMDA receptors function as a coincidence detector in the regulation of synaptic 

plasticity. Only synapses that exhibit precise timing and spatial patterns of NMDA receptor 

activation undergo plastic changes, thanks to the influx of Ca2+ following the rapid unblocking 

of Mg2+. This, in turn, plays a role in memory and learning processes. The voltage-dependent 

behavior of Mg2+ is so significant that, in pathological situations, it can exit the NMDA channel 

even with moderate depolarization, thereby impairing memory and learning (Koch et al., 2004). 
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Excessive activation of the glutamate system leads to a condition called excitotoxicity, 

causing harm to neurons by elevating the influx of calcium ions. Memantine serves as a non-

competitive antagonist of NMDA receptors, countering the detrimental effects of elevated 

glutamate levels in the brain. Because of this attribute, it has established itself as a valuable 

therapeutic option for individuals with Alzheimer's disease. Memantine has been demonstrated 

to enhance cognitive functions and overall well-being in individuals with AD. It is currently 

available for the treatment of moderate to severe AD, authorized by the US FDA. (Reisberg et 

al., 2003). It is generally safe; however, there exists a possibility of experiencing mild and 

short-lived side effects. Due to its pharmacological characteristics, it has the potential to 

interact with specific other medications. Its mode of action can enhance the effects of levodopa, 

other dopamine agonists, and anticholinergics when taken simultaneously. Conversely, the 

effects of barbiturates and neuroleptic agents may be reduced. Concurrent use of memantine 

with other NMDA receptor antagonists with similar chemical properties (such as amantadine, 

budipine, ketamine, and dextromethorphan) may carry a risk of pharmacotoxic psychosis. 

Clinical trials have revealed that the most common symptoms reported were primarily 

dizziness, agitation, hallucinations, headaches, and fatigue. Less frequently reported symptoms 

included anxiety, vomiting, infections of urinary tract, and profuse perspiration. (Molinuevo et 

al., 2005). 

2.4.2 Nutraceuticals for AD 

Generally referred to as medical foods, these nutraceutical agents have found their use in 

improvement of conditions in patients having AD. 

2.4.2.1 Tramiprosate: It is a small glycosaminoglycan mimicking product that can be taken 

orally. It gets bound to soluble Aβ and suppresses the aggregation of amyloid plaques and their 

subsequent deposition. Data of preclinical studies have proven that tramiprosate decreases the 
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levels of Aβ in brain and plasma, hinders fibril formation and poses a cytoprotective effect in 

the brain (Aisen et al., 2011; Wright, 2006). However, in 2007, a clinical trial using 

Tramiprosate for AD was halted in its phase III. An identical agent Homotaurine was later 

developed and released in the market by Neurochem Pharmaceuticals (now Bellus Health Inc.) 

as a neutraceutical (Malouf and Collins, 2009). 

2.4.2.2 Phosphatisdyserine: Phosphatisdyserine, a lipid compound, is the chief component of 

neuronal cell membrane. It not only provides essential nourishment to the brain but also has 

the potential to enhance brain function, alleviate mental stress, and boost cognitive abilities, 

memory retention, and reaction speed. Hence, it is often referred to as a "brain nutrient." 

(Amaducci et al., 1986). FDA permits supplements containing phosphatisdyserine obtained 

from soy. Experts suggest that more research is required for phosphatisdyserine (Mattia et al., 

1997). 

2.4.2.3 Axona: It is dietary supplement which is use for treating AD and was studied in phase 

2 clinical trials (Henderson et al., 2009). Caprylic acid is an active ingredient of Axona. It is a 

rich source of triglycerides and it can be also obtained from processed coconut oil. Caprylic 

acid undergoes hepatic metabolism to form β-hydroxybutyrate, a ketone body. These ketone 

bodies serve as substitute form of energy to brain cells. It finds its use in the form of a food 

supplement in AD (Thaipisuttikul and Galvin, 2012). 

2.4.3 Plants of interest in treatment of AD 

Over years, several plants and related products and/or extracts have been subjected to 

evaluation for anti-AD effects (Anand et al., 2017c).  

• Rosemary (Rosmarinus officinalis belonging to the Family Lamiaceae): Abietane-type 

phenolic diterpenes are among the most prominent group of compounds obtained from 
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Rosemary. These diterpenes, having the basic skeleton of carnosic acid, are responsible for 

most of the antioxidant and many other pharmacological properties of the plant (Singhal et 

al., 2012). Recently, they have been reported to exert an inhibitory action on neuronal 

apoptosis because of various substances in controlled laboratory settings and within living 

organisms, thereby making it a promising candidate for neuroprotection in AD. Moreover, 

the involvement of rosemary diterpenes in influencing the formation, accumulation, and 

harmful effects of Aβ contributes to their extra benefit in addressing AD symptoms and 

associated issues (Habtemariam, 2016). 

• Magnolia bark (Magnolia officinalis belonging to the family Magnoliaceae): In a study 

on neuronal apoptosis by Aβ in NGF-differentiated PC12 cell line, honokiol and magnolol 

(lignans), significantly controlled Aβ induced neuronal apoptotic cell death. The potential 

neuroprotective benefits may be achieved by lowering the production of ROS, reducing the 

elevation of intracellular calcium, and counteracting the activity of caspase-3 (Hoi et al., 

2010).  

• Ashwagandha (Withania somnifera belonging to the family Solanaceae): Active 

glycowithanolides of Ashwagnadha have an important antioxidant function, which is 

accomplished by potentiating the actions of certain enzymes (superoxide dismutase, 

catalase, and glutathione peroxidase). Ashwagandha is recognized as a nerve tonic with the 

ability to revitalize cells and enhance vitality. The evaluation of inhibitory effects on 

cholinesterase was performed employing a colorimetric method on the basis of Ellman’s 

reaction and it was established that the W. Somnifera extract notably inhibited AChE in a 

dose dependent fashion (Kuboyama et al., 2005; Kumar et al., 2016; Zieneldien et al., 

2022). 

• Guduchi (Tinospora cordifolia belonging to the family Menispermaceae): It has been 
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demonstrated to have a nootropic effect on cognitive capabilities and learning in both 

normal and memory impaired animals. It improves the cognitive abilities by immune-

stimulation and production of acetylcholine, thereby supplementing choline which in turn 

improves the cognitive function (Bairy et al., 2002). 

• Sting nettle (Urtica dioica belonging to the family Clusiaceae): It has been in use over 

the years in the treatment of allergic conditions and associated symptoms, specifically hay 

fever. It comprises of compounds that help in reduction of inflammation. Also, it comprises 

of a fair quantity of boron that has been known to enhance the levels of estrogen. Estrogen, 

in turn, is advantageous in short-term memory. It has also been documented to elevate the 

mood in patients having AD (Singhal et al., 2012). 

• Garden angelica/ Wild celery (Angelica archangelica belonging to the family 

Umbeliferae): It is a perennial herbaceous plant that has been in use since ages in the 

Traditional Chinese Medicine system for treating several cerebral disorders (Howes et al., 

2003). An ethanolic extract obtained from the dehydrated roots of this plant, in a 

concentration dependent manner, was reported to be effective in the displacement of 

nicotine from the nicotine binding receptors (Perry et al., 1996). It was also reported to 

possess acetylcholinesterase inhibitory activity in vitro (Obulesu and Rao, 2011). 

• Sweet flag (Acorus calamus belonging to the family Araceae): It is a perennial herb the 

rhizomes of which find place in the traditional Ayurvedic medicine system for treating 

memory loss. Ethanolic and hydroethanolic extracts of the rhizomes were reported to have 

sedative and neuroprotective effects, respectively, in vivo (Shukla et al., 2002; Vohora et 

al., 1990). It has also been reported to exert a valuable memory enhancing effect, along 

with an improvement in learning and behavioural adjustment. A. Calamus has also been 

shown to have an acetylcholinesterase inhibitory effect (Singhal et al., 2012).  
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• Ginseng (Panax ginseng belonging to the family Araliaceae): There have been reports 

suggesting a protective effect along with the beneficial trophic effects of ginseng in the 

cognition and memory in AD (Lee et al., 2008). Reports have indicated that ginseng may 

be clinically effective in preserving cognitive functions in individuals inflicted with AD. In 

a study, the effect of Korean Red Ginseng on cognition persisted for a two-year follow-up, 

suggesting feasible efficiency of long-term follow-up for AD (Heo et al., 2011). 

• Liquorice (Glycyrrhiza glabra belonging to the family Leguminoseae): Glabridin, an 

isoflavonoid, obtained from the roots of Liquorice has been reported to possess a 

remarkable brain cholinesterase inhibitory activity, thereby making it viable to be 

employed in the management of AD (Cui et al., 2008). Another study suggested that the 

memory deficit alleviation effects of Liquorice may be because of its antioxidant and anti-

inflammatory activities (Chakravarthi and Avadhani, 2013). 

• Guggulu (Commiphora spp. belonging to the family Burseraceae): Gugulipid extracted 

from Guggul resin has been documented to have a remarkable preservative impact in the 

streptozotocin-induced dementia model. It has been suggested that the protective effect is 

due to its capability to reduce cholesterol along with significant antioxidant, and anti-

acetylcholinesterase activity. Reduced levels of cholesterol in neurons hinder the 

amyloidogenic pathway thereby decreasing the formation of beta-amyloid complex. This 

effect may be attributed to the removal of Amyloid Precursor Protein from cholesterol and 

other membrane microdomains comprising of sphingolipids (Rao et al., 2012). 

• Turmeric (Curcuma longa belonging to the family Zingiberaceae): Being lipophilic, 

Curcumin efficiently penetrates the BBB to get bound to the plaques. Reportedly, the 

binding of curcumin to Aβ leads to a blockade in the self-assembly of the plaques. Also, 

Curcumin has been documented to have a disintegrating influence on the Aβ plaques to 
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form fibrillar Aβ40 (Mishra and Palanivelu, 2008). The advantageous effects of Curcumin 

in the improvement of conditions in the patients having AD have been attributed to 

blockade of Aβ aggregation, disintegration of amyloid beta plaques, antioxidant potential, 

metal chelation effect, reduced microglia formation and anti-inflammatory effect (Yao and 

Xue, 2014).  

• Firmoss/Toothed clubmoss (Huperzia serrata belonging to the family Huperziaceae): 

Huperzine A, a sesquiterpene alkaloid, is a natural inhibitor of acetylcholinesterase. 

Therefore, it has high prospects to be employed in the symptomatic treatment of AD. 

However, the compound did not yield significant anti AD effect in phase II clinical trials 

(Rafii et al., 2011).  

• Sacred lotus (Nelumbo nucifera belonging to the family Nelumbonaceae): The leaves, 

embryos, stamens, rhizomes of the plant have been evaluated for their comparative anti AD 

effects. Out of these, the embryonic extract was found out to have remarkable BACE 

inhibitory activity, Butyrylcholinesterase inhibitory activity and scavenging activity 

against peroxynitrite ions (Jung et al., 2015). The embryo of the plant also exhibited potent 

neuroprotective effect against excitotoxicity in neurons due to glutamate in the HT22 cell 

line (Kim et al., 2014). 

• Himatanthus (Himatanthus lancifolius belonging to the family Apocynaceae): Uleine, 

an indole alkaloid extracted from Himatanthus has been reported to have a good 

acetylcholinesterase inhibitory activity on the basis of in vitro studies (Seidl et al., 2010), 

In further studies, uleine exhibited significant acetylcholinesterase and 

butyrylcholinesterase and BACE inhibitory activity. Also, it has been reported to exert a 

remarkable inhibitory effect on the self-aggregation of amyloid beta (Seidl et al., 2016).  
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• Galangal (Alpinia officinarum and Alpinia galangal belonging to the family 

Zingiberaceae): Galangin, a flavonoid obtained from Galangal has been documented to 

exhibit a good AChE antagonistic activity in an in vitro study. Nevertheless, it remains 

uncertain whether galangin directly binds to AChE or shares a binding site similar to its 

substrate (Guo et al., 2010).  

• Vanilla (Vanillus planifolia and Vanillus tahitensis belonging to the family 

Orchidaceae): Vanillin has been documented to ensue a disintegratory effect on amyloid 

beta plaques in vitro (Song et al., 2016a). Additionally, vanillin has been reported to have 

antioxidant effects in vivo and neuroprotective effects in vitro (Dhanalakshmi et al., 2016, 

2015a). 

2.5 Gut Brain Axis and AD 

GBA refers to the mutual interaction between the enteric and the central nervous systems (ENS 

and CNS), creating a link between the emotional and cognitive seats of the brain along with 

the peripheral intestinal functions (Anand et al., 2023b; Carabotti et al., 2015).  Some reports 

have documented the role of microbiota in affecting anxiety and depression-like behaviours. 

Moreover, dysbiosis has also been linked to autism. The autistic patients express specific 

changes in the microbiota as per the severity of the disease (Foster and McVey Neufeld, 2013; 

Mayer et al., 2014; Naseribafrouei et al., 2014; Song et al., 2004). With the aim of exploring 

the role microbiota in modulation of GBA, various studies have been conducted. Studies on 

Germ Free (GF) animals have exhibited that bacterial colonization of the gut plays an essential 

role in the maturation and development of CNS and ENS, both (Barbara et al., 2005; Stilling 

et al., 2014). Some studies have also documented memory dysfunction in GF animals probably 

attributed to the changes in the expression of BDNF, one of the key factors involved in memory 

(Al-Qudah et al., 2014; Gareau et al., 2011). Changes in the composition of microbiota by 
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using probiotics has been reported to enhance the expression of BDNF and attenuation of 

senescence-related changes in the hippocampal region (Distrutti et al., 2014).  A report 

documented that pre-incubation of HT-29 cells with L. plantarum strain 299v markedly 

decreased the percentage of caspase3-7+ cells. It suggests a caspase-3 and -7 inhibition by the 

probiotic strain which led to the decreased caspase mediated apoptotic cell death (Dykstra et 

al., 2011).  

There has been convincing evidence that the interaction between the brain and the 

microbiota is mediated by the vagal innervation, that carries information to the CNS from the 

luminal environment. Moreover, behavioural and neurochemical impacts were not reported in 

vagotomized mice, thereby solidifying the notion that the vagus nerve comprises the chief 

constitutive modulatory pathway for communication between the brain and the microbiota 

(Bravo et al., 2011). A study also explored the association between the composition of 

microbiota in the faeces and quality of life by making the use of data obtained from more than 

1,000 people. They conducted metagenomic analyses which showed that the potential of 

microbes to contribute to synthesis of some neuroactive metabolites may be correlated with 

mental well-being (Bray, 2019).  

A linkage between gut dysbiosis and neurodegeneration is mainly rested upon the 

results obtained by certain pre-clinical evaluations. However, the clinical data are rather 

limited. The most accepted clinical proof of changes in the healthy microbial composition in a 

neurodegenerative condition arises from studies of patients inflicted with Parkinson’s disease 

(Keshavarzian et al., 2015; Scheperjans et al., 2015). Some investigations have been carried 

out in populations of AD patients. It was observed that the microbial diversity was diminished 

in the faecal matter of AD patients contrasted to the sex and age-matched controls. It was 

reported that there was a decline in the numbers of Actinobacteria and Firmicutes and an 
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elevated level of Bacteroidetes. The relative abundance of bacterial genera was observed to 

have a correlation with the biomarkers of AD in the cerebrospinal fluid (Vogt et al., 2017). 

Another study evaluated the association of brain amyloidosis and selected bacterial taxa in 

patients having impaired cognition. Deposition of Ab plaques in brain was found to be 

associated with low levels of anti-inflammatory taxon Eubacterium rectale and elevated levels 

of pro-inflammatory taxa Shigella and Escherichia, in stool samples. These changes were 

reported to have a correlation with the peripheral state of inflammation (Cattaneo et al., 2017). 

A more elaborate investigation in AD subjects showed more abundant presence 

of genus Bilophila in the phylum Proteobacteria and Gemellaceae, Bacteroidaceae, 

Rikenellaceae, and decreased presence at the familial level for Ruminococcaceae, 

Turicibacteraceae, Peptostreptococcaceae, Clostridiaceae, Bifidobacteriaceae,  

and Mogibacteriaceae. Corresponding correlations between relative abundance of these 

bacteria and cerebrospinal fluid biomarkers like Aβ42/Aβ40 and phosphorylated tau exhibited 

consistency in patterns, where genera identified as more prevalent in AD are associated with 

increased AD pathology (Janakiraman and Krishnamoorthy, 2018). The loss of balance 

between the production of Aβ and its clearance has been considered to be factor that leads to 

accumulation of Aβ and the consequent neuronal dysfunction. There is accumulating evidence 

that suggests the role of neuro-inflammation in the disrupted clearance of Aβ. It may even 

accentuate the pathological process of AD (Heneka et al., 2015; Kamer, 2010; Regen et al., 

2017). This further opens up avenues for research on the possible causal relation between 

amyloidosis and the gut microbiota-related inflammation.  

Recently, a growing body of evidence has suggested that gut dysbiosis triggers a 

systemic immune response which results in an increased inflammatory response in AD brain 

Click or tap here to enter text.(Chen et al., 2022; Montacute et al., 2017; Varesi et al., 2022). 
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Toll-like receptors (TLRs) are a part of the first line of defence that participates in the process 

of recognition of molecules widely shared by activated immune system and pathogens. TLRs 

play a role in upkeep of homeostasis, commensal colonization, and the integrity of the intestinal 

barrier. Aβ acts as a ligand for TLRs in addition to several gut bacteria and their metabolic 

waste products which may trigger the inflammatory process in the brain and the gut that leads 

to development of AD among other neurodegenerative disorders  (Gómez-Llorente et al., 2010; 

Rakoff-Nahoum et al., 2004).  

2.5.1 Role of probiotics in AD 

2.5.1.1 The anti-inflammatory role of probiotics 

Consumption of probiotics has been documented to improve the senescence associated 

modifications of immunological features in AD brain. It has been reported that probiotic 

interventions can alleviate the immunological reactions by regulating production of cytokines, 

bettering the function and distribution of macrophages, natural killer cells, T cells, and 

granulocytes. This leads to enhancement of the immune responses at both the systemic and 

mucosal levels. Given the immunomodulatory action of probiotics, it has been estimated that 

the probiotics may have an ameliorative effect in AD by regulating the inflammatory reactions 

triggered by deposition of Aβ and other risk factors, including inflammaging (Arunachalam et 

al., 2000; Chiang et al., 2000; Di Giosia et al., 2022; Gill et al., 2001; Sharma et al., 2014). 

There have been reports about probiotics directly mitigating neuronal inflammation 

characterized by reduced levels of pro-inflammatory cytokines in systemic circulation and 

microglia activation. In a d-galactose mouse model of accelerated senescence, inflammation 

was demonstrated to be diminished following consumption of probiotic L. pentosus var. 

plantarum C29. It was reported to have an inhibitory effect on activation of transcription factor 

NF-κB, M1 macrophages and the pro-inflammatory cytokine TNF-α (Jeong et al., 2015). 
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Another study documented the ameliorative effect of B. breve A1 on Aβ mediated toxicity that 

prevented cognitive dysfunction in a mouse based model of AD via its regulatory effect on the 

neuronal inflammation (Kobayashi et al., 2019). Another pathway concerning neuronal 

inflammation known as the ‘kynurenine pathway’ has gained attention of researchers recently. 

It is the pathway that is responsible for metabolism of 95% of the body’s tryptophan. Its 

dysfunction has been documented to play a crucial role in the onset of neuronal inflammation. 

(Figure 2.5) (Arora et al., 2020; Savitz, 2020).  

 

 

 

 

 

 

 

Fig. 2.5: Illustration of kynurenine pathway (IDO= Indoleamine 2,3- deoxygenase, TDO= 

Tryptophan deoxygenase, KAT= Kynurenine aminotransferase, ACSD= 2-amino-3-

carboxymuconic-6-semialdehyde decarboxylase, HAO= Hydroxyanthranilate 

deoxygenase, QPRT= Quinolinate phosphoribosyltransferase) 

The enzyme IDO-1 forms a subset of the enzymes responsible for the metabolism of tryptophan 

in the kynurenine pathway. It is stimulated by the pro-inflammatory cytokine IFN-γ. Also, the 

enzyme has been documented to have an essential role in co-localization with Aβ plaques 

(Desbonnet et al., 2008). Quinolinic acid has an agonistic activity on the NMDA receptors 
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which also inhibits the process of glutamate reuptake by the astrocytes thereby leading to 

excitotoxicity (Stone and Perkins, 1981). It has also been reported to cause neurotoxicity by 

several other mechanisms like disruption of BBB, generation of ROS and promoting 

phosphorylation of tau. Accumulation of quinolinic acid in the hippocampus has also been 

reported in AD brain (Guillemin, 2012). Administration of L. johnsonii has been reported to 

diminish the endogenous levels of IDO in germ-free mice along with a fall in levels of levels 

of kynurenine and an elevation in the serotonin levels, in serum (Valladares et al., 2013). 

Another study reported an elevation in plasma levels of the neuroprotective kynurenic acid 

accompanied by a reduction in pro-inflammatory cytokine release in rats treated with B. 

infantis (Desbonnet et al., 2008; Garcez et al., 2019). 

2.5.1.2 The antioxidant role of probiotics 

Various probiotic strains have been reported to have an antioxidant effect (Wang et al., 2017b) 

which can be helpful in alleviation of neurodegeneration in AD. Probiotics can act as chelating 

agents by capturing metal ions and thereby rendering them unavailable to catalyze the 

oxidation reactions. Several probiotic strains have been studied for their antioxidant property 

out of which S. thermophilus 821 showed the best chelation activity with Cu2+ and Fe2+ ions 

(Lin and Yen, 1999). Similar chelating effect was shown by L. casei KCTC 3260 in a separate 

study (Lee et al., 2005). Another study documented that the Fe2+ ion chelation effect of L. 

helveticus CD6 (Ahire et al., 2013). The mechanism has been ascribed to the inhibition of the 

enzyme catalysed phosphate ester displacement reactions by the ions of transition metals, 

thereby decomposing hydroperoxides to alkoxyl and peroxyl radicals. However, the exact 

mechanism is not well understood (Halliwell et al., 1995). Some studies have reported that the 

probiotic strains like L. fermentum E-3 and E-18, engineered L. casei BL23 are capable of 
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employing superoxide dismutase to resist the oxidative stress (Kullisaar et al., 2002; LeBlanc 

et al., 2011).  

Probiotics can also have a stimulatory effect on body’s own antioxidant enzyme 

mechanisms (Aluwong et al., 2013; Ejtahed et al., 2012; Wang et al., 2009, 2017a). Probiotics 

have also been known to produce ferulic acid by the group of enzymes known as ferulic acid 

esterases. It has been reported to drive the proliferation of neuronal stem cells accompanied by 

increasing the production of BDNF and nerve growth factor. B. animalis, L. fermentum 

NCIMB and L. plantarum NCIMB 8826 have been demonstrated to produce large quantities 

of the antioxidants (Lindsay, 1988; Meng et al., 2018; Nabavi et al., 2015; Westfall et al., 

2017). In a transgenic mouse model of AD, treatment with ferulic acid has been reported to 

ameliorate neuronal inflammation accompanied by diminished levels of Aβ in cortex and 

hippocampus. The exact mechanism is not fully established but it has been believed that ferulic 

acid partially inserts itself between the Aβ in the presence of carboxyl and hydroxyl species 

which allow the formation of hydrogen bonds between these peptides (Ono et al., 2005; 

Sgarbossa et al., 2015). Ferulic acid has also been documented to modulate β-secretase (Mori 

et al., 2013). Another potential antioxidant mechanism of probiotics has been attributed to 

sirtuin-1 protein deacetylase which regulates various antioxidant genes to provide a 

neuroprotective effect (Bonfili et al., 2018). 

2.5.1.3 Probiotics for enhanced cognition 

Several studies have reported the improvement in cognition due to probiotics (Afzal et al., 

2020; Deng et al., 2020; Kim et al., 2021; Marotta et al., 2019). It has been suggested by some 

investigations that there is a reduction in levels of potassium and sodium ions in the neurons 

due to formation of Aβ in the cerebellum and frontal cortex. At the cell periphery, it reduces 

the level of Na+/K+ ATPase transporters. These transporters are responsible for regulation of 
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the proton gradient across the cell membrane which in turn is responsible for the cell’s 

capability to attain and propagate action potentials. The reduced levels of ATPases may have 

a contribution towards initiating AD pathogenesis. In an accelerated senescence mice model 

based on administration of d-galactose, usage of L. plantarum MTCC1325 was found to restore 

the ATPase level in hippocampus and the cerebral cortical region (Kairane et al., 2002; 

Mallikarjuna et al., 2016; Nimgampalle and Kuna, 2017).  

Pre-clinical evidence indicates that products of microbial metabolism such as short chain 

fatty acids (SCFA) could be used as signalling molecules by gut microbiota to exert action on 

the CNS (Erny et al., 2015). Their interplay with the anti-inflammatory properties and the 

immune system makes them therapeutically interesting candidates for neurodegenerative 

disorders including but not limited to AD. Modifications in the diet and lifestyle are effective 

in producing chronic changes in the gut microbiota. Another modifiable parameter i.e., exercise 

is believed to promote the gut microbial diversity. Also, it enhances metabolic functions of the 

gut microbiota which have been proven advantageous in improvement of cognitive 

performance (Cerovic et al., 2019; Ticinesi et al., 2019). A preventive therapeutic approach 

involving dietary changes and increased physical exercise is likely to be the most promising 

practice for slowing the cognitive deterioration and ameliorating neuroendocrine, metabolic 

and vascular anomalies that often occur in precedence while remarkably contributing to 

cognitive decline. 

2.6 Therapeutic interventions employed in the present study 

2.6.1 Vanillin 

In recent times, there has been a growing focus on the study of natural food components, 

particularly in relation to ingredients like flavourings and preservatives. Among the diverse 

range of naturally derived flavouring agents in use today, vanilla holds a significant position 
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in various industries. It has found widespread application in the production of cakes, soft 

drinks, ice creams, chocolates, alcoholic beverages, fragrances/perfumes, pharmaceuticals, and 

nutraceuticals (Ranadive, 1992). Natural vanilla comprises a combination of constituents 

extracted from the cured pods of various Vanilla species.: Vanillus planifolia and Vanillus 

tahitensis (Ramachandra Rao and Ravishankar, 2000). However, V. planifolia is highly prized 

primarily because of its pod quality and yield (Sinha et al., 2008). 

Vanilla's flavor profile contains over 200 components, but only 26 of them are found 

in quantities exceeding 1 mg/kg. The predominant aroma and taste of vanilla extract are 

primarily attributed to the presence of vanillin, which occurs in a range of 1-2% w/w in cured 

vanilla pods (Gallage and Møller, 2015; Jadhav et al., 2009).  

Moreover, recent in vitro research has shed light on another promising aspect of 

vanillin's potential therapeutic application in AD. This study has revealed that vanillin 

possesses the remarkable ability to disintegrate the Aβ plaque aggregates, which are hallmark 

pathological features of AD. By targeting and disrupting these aggregates, vanillin could help 

mitigate the progression of the disease, offering hope for improved outcomes in AD patients. 

Furthermore, the fact that vanillin can traverse the BBB is of paramount importance in the 

context of AD treatment. The BBB presents a formidable barrier that restricts the entry of many 

substances into the brain, making it challenging to deliver therapeutic agents directly to the site 

of action. Vanillin's capacity to cross this barrier underscores its potential as a viable candidate 

for AD therapy, as it can access the brain and exert its beneficial effects on neuronal health. In 

light of these compelling findings, the usage of vanillin in AD preclinical development appears 

to be a promising avenue. Its antioxidant properties, plaque disaggregation capabilities, and 

BBB-penetrating ability collectively support the rationale for further investigation and 
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development of vanillin-based treatments for Alzheimer's disease. (Dhanalakshmi et al., 

2015b; Song et al., 2016b). 

2.6.1.1 Pharmacokinetic parameters of vanillin 

Pharmacokinetics of vanillin following p.o. administration have been established by a study 

involving rats. The parameters are listed in Table 2.3 (Beaudry et al., 2010). 

Table 2.3: Pharmacokinetic parameters of vanillin (p.o.) 

Parameter Value 

PEAK CONCENTRATION IN PLASMA 290.24 ng/mL 

TIME TAKEN TO ACHIEVE PEAK 

CONCENTRATION IN PLASMA 

4h 

RELATIVE CLEARANCE 62.17 L/h/kg 

PLASMA HALF-LIFE 10.3h 

BIOAVAILABILITY 7.6% 

 

2.6.1.2 Safety and toxicity profile of vanillin 

U.S. FDA enlists vanillin as a ‘generally recognized as safe’ (GRAS) substance (U.S. FDA, 

2016). However, the safety and toxicity profile of vanillin has also been established (Table 

2.4). 

Table 2.4: Safety and toxicity profile of vanillin 

Parameter Description 

LD50 (Acute; Oral)  ‘1580 mg/kg’ (Rat), ‘3925 mg/kg’ (Mouse), ‘1400 mg/kg’ 

(Guinea pig) 
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LD50 (Acute; Dermal)  5010 mg/kg (Rabbit) 

Health hazards (Acute)* Dangerous in cases of contact with eyes, of oral consumption, 

of inhalation. Slightly dangerous in case of dermal contact 

Health hazards 

(Chronic)** 

Slightly hazardous in case of dermal contact. No data available 

for carcinogenicity, mutagenicity, teratogenicity, 

developmental toxicity 

*It may lead to irritation in eyes, mucous membrane, respiratory tract and skin. It may be 

absorbed dermally. Ingestion may lead to irritation in gastrointestinal tract and may also 

adversely influence the cardiovascular system, respiratory system, liver (causing jaundice), 

urinary system, nervous system (causing muscle weakness, somnolence, coma). 

**Repeated or prolonged inhalation may ensue undesirable effects on the brain and blood 

(alterations in the count of white and red blood cells). Repeated or prolonged ingestion may 

adversely influence the urinary system, liver, heart, and metabolism (causing weight loss) 

(NLM Toxnet Toxicity Data Network, 2015).  

2.6.2 Magnolol 

Magnolol (2-(2-hydroxy-5-prop-2-enylphenyl)-4-prop-2-enylphenol) is a polyphenolic 

binaphthalene compound obtained from the root and stem bark of Magnolia officinalis, 

Magnolia obovate, Magnolia grandiflora (Family: Magnoliaceae)- traditional Chinese and 

Japanese herbal product (“Magnolol-PubChem,” 2020; Ranaware et al., 2018). It has been 

employed in traditional medicine system for managing the anomalies of nervous system 

(Alexeev et al., 2012). Table 2.5 enlists various reported pharmacokinetic properties of 

magnolol (Zhang et al., 2019). Table 2.6 enlists the toxicological profile of magnolol. 
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Table 2.5: Pharmacokinetic characteristics of magnolol 

 

Pharmacokinetic 

Process 

Pharmacokinetic 

Parameter 

Description Experiment

al Model 

Reference 

ABSORPTION Mean peak plasma 

concentration 

(after oral 

administration) 

426.4±273.8ng/mL Rat (Sheng et 

al., 2014) 

Bioavailability 

(after oral 

administration) 

17.5±9.7% 

 

Rat (Sheng et 

al., 2014) 

Absolute 

bioavailability 

4% Rat (Lin et al., 

2011) 

DISTRIBUTION Tissue distribution Liver, lungs, 

kidneys, heart, 

brain 

Rat (Sheng et 

al., 2014) 

 

 

 

 

 

 

 

METABOLISM 

Major 

biotransformation 

pathway 

Glucuronic acid 

conjugation via 

several isoenzymes 

UGT1A1, UGT1A3, 

UGT1A7, UGT1A8, 

UGT1A9, UGT1A10, 

and UGT2B7 

 

In vitro 

analysis in 

human liver 

(Zhu et al., 

2012) 
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Accessory 

biotransformation 

pathway 

Human intestinal 

microsomal 

enzymes UGT1A10 

and UGT2B7 

 

In vitro 

analysis in 

human 

intestine 

UGT1A1

0 and 

UGT2B7 

 

OTHERS AUC0-t (after oral 

administration as a 

solid dispersion 

with 

polyvinylpyrrolido

ne) 

80.1% 

 

Rabbit (Lin et al., 

2014) 

Cmax (after oral 

administration as a 

solid dispersion 

with 

polyvinylpyrrolido

ne) 

44.7% Rabbit (Lin et al., 

2014) 

 

Table 2.6: Toxicological profile of magnolol 

 

Parameter Description Model Animal Reference 

LD50 (oral) 2,200 mg/kg Mouse (U.S. National 

Library of Medicine, 

2020) 
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In an in vitro study involving PC12 cell lines magnolol was reported to reduce Ab induced cell 

death (Hoi et al., 2010). Magnolol was also reported to attenuate an AD-like pathology in a 

transgenic C. elegans model. It was also reported to reduce Aβ deposition and enhance the 

phagocytosis and degradation of Aβ in microglia cells (Xie et al., 2020). Additionally, 

magnolol has been reported to have an oral LD50 value of 2,200 mg/kg (in mouse). Several in 

silico models have also predicted appreciable anti-AD effects of magnolol (Anand et al., 2021). 

2.6.3 Lactobacillus rhamnosus 

Many parts of the human body, most notably the female reproductive tract and the digestive 

system, including the oral cavity, are colonised by lactobacilli (Heeney et al., 2018). A 

"generally recognised as safe" (GRAS) designation from the U.S. Food and Drug 

Administration (USFDA) and a "qualified presumption of safety" (QPS) designation from the 

European Food Safety Authority (EFSA) make it relatively simple to utilise lactobacilli in the 

production of food. These qualities make Lactobacillus species the best possible probiotic 

candidates (Kechagia et al., 2013). Although L. rhamnosus GG is one of the strains that has 

been the subject of the most research, as in the present study, L. acidophilus is more frequently 

found in commercial products.  

It has the capacity for surviving and proliferating at stomach acid pH, in medium 

containing bile, and adhering to enterocytes. In addition, L. rhamnosus can release soluble 

substances that benefit the gut by promoting intestinal crypt survival, reducing intestinal 

epithelial apoptosis, and maintaining cytoskeletal integrity in addition to a biofilm that can 

provides mechanical protection to the mucosa. Since then, it has been one of the probiotic 

strains that has undergone the most extensive research and is present in a range of commercially 

accessible probiotic products. Its advantageous properties have been thoroughly investigated 

in clinical trials and human interventions (Segers and Lebeer, 2014).  
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According to a clinical study, it showed significant antioxidant activity under 

conditions of high physical stress. The capacity of L.rhamnosus to boost antioxidant levels and 

counteract the effects of free radicals, especially the reactive oxygen species may be 

advantageous for athletes who are subject to oxidative stress (Wang et al., 2017c). A report 

documented that it produced the soluble proteins p40 and p75 that, through a MAPK-dependent 

mechanism, were able to reduce the breakdown of the epithelial barrier caused by H2O2 

exposure (Seth et al., 2008). 
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3. RESEARCH ENVISAGED AND RESEARCH METHODOLOGY 

3.1 Rationale and scope of the study 

As per the US Centers for Disease Control and Prevention (US-CDC), AD, a progressive 

neurological condition, is among the top 10 leading causes of mortality (US-CDC, 2022). It is 

the commonest form of dementia which is accompanied by a depletion in the levels of cortical 

and hippocampal acetylcholine, elevated expression of acetylcholinesterase, aggregation of Aβ 

plaques and tau NFTs along with neuroinflammation. In AD, what begins as short-term 

memory lapses evolves to rendering the patient functionally dependent and eventually leading 

to death. The onset and progression of AD are significantly influenced by oxidative stress due 

to its neurodegenerative capability (Anand et al., 2017b). The pharmacological interventions 

employed for the management of AD involve donepezil, galantamine, rivastigmine 

(acetylcholinesterase inhibitors) and memantine (NMDA glutamate antagonist), both of which 

provide nothing more than symptomatic relief (Anand et al., 2017a; Reisberg et al., 2003). 

Disease modifying and safer agents for treating and/or managing AD are ardently sought.  

In the present research, AD was inflicted in mice by co-administering aluminium 

chloride and d-galactose. Aluminium permeates the brain easily and influences slow axonal 

transports, causes inflammation, and induces structural and synaptic abnormalities which 

ultimately lead to neurodegeneration (Chiroma et al., 2018; S. E. et al., 2019). D-galactose (a 

reducing sugar) readily undergoes reactions with free amines to yield Advanced Glycation End 

Products (AGEs). When administered over a prolonged period, D-galactose causes the 

alteration which resemble the natural senescence in animals including cognitive decline, 

oxidative stress, diminished immunological capability along with genetic changes. It also leads 

to mitochondrial dysfunction and an elevation in the level of brain acetylcholinesterase 

(Chiroma et al., 2018; Li et al., 2019; Shwe et al., 2018). Co-administration of aluminium 
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chloride and D-galactose for a period of 90 days has been reported to develop AD characterised 

by elevation of beta secretase, Aβ aggregation and caspase-3 while reducing BDNF in rodents 

(Gao et al., 2015; Haider et al., 2020; Xiao et al., 2011; Xing et al., 2018). 

In the present research, the individual and combined effects of Lactobacillus rhamnosus 

(a probiotic), vanillin and magnolol (natural phytoconstituents) have been evaluated in 

aluminium chloride and D-galactose inflicted AD in mice. 

Vanillin is a phenolic compound obtained from vanilla pods that has an antioxidant 

potential due to its chemical nature. It has been used for long in foods, beverages, cosmetics 

for its pleasant aroma and flavour (Anand et al., 2019). Vanillin has been reported to have an 

ameliorative effect in scopolamine induced cognitive impairment in mice (Anand et al., 2022). 

Also, there is in vitro evidence of vanillin causing the disintegration of Aβ (Song et al., 2016). 

In the present study, vanillin has been tested in aluminium chloride and D-galactose induced 

AD mouse model.  

Magnolol is a polyphenol (neolignan) obtained from the extract of Magnolia officinalis 

bark. The trees are mainly found in Eastern and South-Eastern regions of Asia (Poivre and 

Duez, 2017). There are several traditional Chinese and Japanese herbal formulas which contain 

Magnolia like Banxia Houpo Tang and Saiboku-To (Iwasaki et al., 2000; Kuribara et al., 2000). 

M. officinalis has been used in Asian traditional medicine for treating anxiety, sleep disorders, 

nervousness, etc. It implies that magnolia bark extract holds the capability to elicit central 

effects. It has been listed in the Japanese Pharmacopoeia XIV (English Edition, 2001) and 

Pharmacopoeia of the People’s Republic of China (English Edition, 2005) (Koetter et al., 

2009). In an in vitro study involving PC12 cell lines magnolol was reported to reduce Ab 

induced cell death (Hoi et al., 2010). Magnolol was also reported to attenuate an AD-like 

pathology in a transgenic C. elegans model. It was also reported to reduce Aβ deposition and 
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enhance the phagocytosis and degradation of Aβ in microglia cells (Xie et al., 2020). 

Additionally, magnolol has been reported to have an oral LD50 value of 2,200 mg/kg (in 

mouse). Several in silico models have also predicted appreciable anti-AD effects of magnolol 

(Anand et al., 2021). 

The probiotic used in the present study is L.rhamnosus. Due to its capacity for surviving 

and proliferating at stomach acid pH, in medium containing bile, and adhering to enterocytes. 

Additionally, it can release soluble substances that benefit the gut by promoting intestinal crypt 

survival, reducing intestinal epithelial apoptosis, and maintaining cytoskeletal integrity in 

addition to a biofilm that can provides mechanical protection to the mucosa (Segers and Lebeer, 

2014). L.rhamnosus has been documented to have antioxidant property (Seth et al., 2008). A 

study reported that L. rhamnosus (109 CFU/mouse/day) by gavage showed decrease in 

depression and anxiety with effects observed in hippocampus and prefrontal cortical region 

(Cheng et al., 2019). This strengthens the rationale to use the probiotic for CNS disorders. 

As per the reported endpoints in the literature, TL in the Elevated Plus Maze paradigm 

(Itoh et al., 1990), EL in MWM paradigm (Bromley-Brits et al., 2011; Vorhees and Williams, 

2006), and NOR (Antunes and Biala, 2012; Lueptow, 2017) behavioural tests were employed 

to assess the memory enhancing and disease ameliorating effects of vanillin. To evaluate the 

antioxidant potential of vanillin, thiobarbituric acid reactive substances (TBARS), reduced 

glutathione (GSH), catalase activity (CAT) assays were performed (Anand et al., 2022; 

Habibyar et al., 2016). Furthermore, to understand the effect of vanillin on various pathological 

pathways of AD, its inhibitory activity was assessed on enzymes- acetylcholinesterase (AChE), 

beta secretase and caspase-3. The in vivo capability of vanillin to reduce the aggregation of 

Aβ(1-42) and elevate BDNF was also assessed.  
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Histopathological assessment of cortical and hippocampal regions was also done using 

eosin and haematoxylin staining.  

Probiotics along with vanillin and magnolol can provide a multifactorial therapeutic 

approach in animal model of AD. Various pathways leading to development and progression 

of AD like GBA, amyloid pathway, caspase-3 pathway, oxidative stress pathway can be 

targeted with the combination which may be able to provide a significant benefit in therapeutic 

terms. The chosen therapeutic interventions have not been evaluated in the chosen animal 

model either alone or in combination which makes the proposed work novel. 
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3.2 Aim of the study 

To evaluate the neuroprotective effects of vanillin, magnolol and L.rhamnosus, alone and in 

various combinations, in aluminium chloride and d-galactose induced Alzheimer’s disease in 

mice.  

3.3 Objectives 

• To evaluate and compare the ameliorative effect of vanillin, magnolol and probiotics 

in AD using animal model 

• To evaluate the combination effect of vanillin, magnolol and probiotics in AD using 

animal model 
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3.4 Plan of work 

Plan of work has been illustrated in figure 3.1. 

 

Fig 3.1: Plan of work 
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4. EXPERIMENTAL WORK 

4.1 Material 

4.1.1 Equipment 

The equipment used for the experimental work have been mentioned in Table 4.1 

 

Table 4.1: Equipment used for experimental work 

Equipment Manufacturer 

UV-Visible spectrophotometer Shimadzu Corp., Japan 

Centrifuge Remi Instruments, India 

Cooling centrifuge Remi Instruments, India 

Hot air oven Navyug Udyog, India 

Digital weighing balance Contech Instruments Ltd., India 

Deep freezer Blue Star Ltd., India 

Photoactometer INCO Pvt. Ltd., India 

Rotarod Apparatus INCO Pvt. Ltd., India 

Refrigerator Kelvinator International, India 

iMarkTM Microplate Reader Bio-Rad 
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4.1.2 Chemicals and kits 

The chemicals used for the experimental work have been listed in Table 4.2. The kits used for 

experimental work are listed in Table 4.3. 

 

Table 4.2: Chemicals used for experimental work 

Chemical Manufacturer 

(5,5-dithio-bis-(2-nitrobenzoic acid) CDH Pvt. Ltd. 
1,1,3,3 tetramethoxy propane CDH Pvt. Ltd. 
Acetic acid LobaChemie Pvt. Ltd. 
Acetylcholine hydrobromide TCI Chemicals 
Aluminium chloride Molychem 
Disodium hydrogen phosphate LobaChemie Pvt. Ltd. 
D-galactose LobaChemie Pvt. Ltd. 
Donepezil hydrochloride monohydrate Sun Pharmaceutical Industries Ltd. (received 

ex gratis), Gurugram 
Ethanol (absolute) Chong Yu Hi-Tech Chemicals, China 
Hydrochloric acid Lobachemie Pvt. Ltd. 
Hydrogen peroxide LobaChemie Pvt. Ltd. 
Lactobacillus rhamnosus GG Swiss Garnier Life Sciences (received ex 

gratis) 
Magnolol Xi’an Pincredit Bio-tech Co., Ltd., Shaanxi, 

(China) 
n-butanol CDH Pvt. Ltd. 
Normal saline Aculife Healthcare Pvt. Ltd. 
Potassium dihydrogen orthophosphate LobaChemie Pvt. Ltd. 
Pyridine CDH Pvt. Ltd. 
Sodium Carboxy Methyl Cellulose CDH Pvt. Ltd. 
Sodium chloride LobaChemie Pvt. Ltd. 
Sodium dodecyl sulphate CDH Pvt. Ltd. 
Sodium hydroxide pellets LobaChemie Pvt. Ltd. 
Standard GSH reagent CDH Pvt. Ltd. 
Thiobarbituric acid CDH Pvt. Ltd. 
Titanium dioxide LobaChemie Pvt. Ltd. 
Tri-Sodium citrate (Dihydrate) LobaChemie Pvt. Ltd. 
Trichloroacetic acid CDH Pvt. Ltd.  
Vanillin  Sigma-Aldrich 
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Table 4.3: Kits used for experimental work 

 

Kit Manufacturer 

Mouse Amyloid Beta (1-42) and Mouse 
Caspase-3 ELISA kits 

Cusabio Biotech Co. Ltd. (Wuhan, China) 

Mouse Beta Secretase and Mouse BDNF 
kits 

Shanghai Korain Biotech Co. Ltd. 
(Shanghai, China) 

Total Protein kit Erba Mannheim 
 

4.2 Methods 

4.2.1 Animal study 

NIPER i.e. The National Institute of Pharmaceutical Education and Research, SAS Nagar, 

Punjab (a breeding facility registered with Committee for the Control and Supervision on 

Experiments on Animals i.e. CCSEA) provided adult Swiss albino mice (either sex; 20-30 g 

each). The animals were divided into fifteen groups (n=6) as shown in table 4.4. To reduce 

stress during transport, the animals were driven in the institutional van. The animals were 

housed in polypropylene cages which were the right size to allow for comfortable, unrestricted 

movement and provided safety from harm. To make sure that they had enough food and, more 

importantly, water throughout the transit, food and water were provided in suitable containers 

and forms. They were housed in the CAHF i.e. Central Animal House Facility at Lovely 

Institute of Technology (Pharmacy), Lovely Professional University (Phagwara, Punjab) 

registered with the CCSEA. The animals were housed in conditions of ambient temperature 

and humidity with 12-hour cycles of light and darkness. Ad libitum availability of water and 

food was ensured. All procedures were carried out in accordance with CCSEA regulations. The 

IAEC i.e. Institutional Animal Ethics Committee of Lovely Professional University gave its 

approval to the animal usage procedures involved in the study vide protocol number 

LPU/IAEC/2020/75. 
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4.2.2 Experimental protocol 

Table 4.4: Dosing regimen 

Group Treatment 

Group 1: Vehicle control (VC) Vehicle (10 ml/kg; orally, 5 ml/kg; 
intraperitoneally) 

Group 2: Vanillin per se Normal saline (5 ml/kg; intraperitoneally), 
Vanillin (40 mg/kg; orally) 

Group 3: Magnolol per se Normal saline (5 ml/kg; intraperitoneally), 
Magnolol (40 mg/kg; orally) 

Group 4: Probiotic per se Normal saline (5 ml/kg; intraperitoneally), L. 
rhamnosus (109 CFU; orally) 

Group 5: Disease control (DC) Aluminium chloride (5 mg/kg; orally), d-
galactose (60 mg/kg; intraperitoneally) 

Group 6: Standard treatment (DT) Aluminium chloride (5 mg/kg; orally), d-
galactose (60 mg/kg; intraperitoneally), 
Donepezil (5mg/kg, orally) 

Group 7: Vanillin low dose treated group Aluminium chloride (5 mg/kg; orally), d-
galactose (60 mg/kg; intraperitoneally), Vanillin 
(20 mg/kg; orally) 

Group 8: Vanillin high dose treated group Aluminium chloride (5 mg/kg; orally), d-
galactose (60 mg/kg; intraperitoneally), Vanillin 
(40 mg/kg; orally) 

Group 9: Magnolol low dose treated group  Aluminium chloride (5 mg/kg; orally), d-
galactose (60 mg/kg; intraperitoneally), 
Magnolol (20 mg/kg; orally) 

Group 10: Magnolol high dose treated group Aluminium chloride (5 mg/kg; orally), d-
galactose (60 mg/kg; intraperitoneally), 
Magnolol (40 mg/kg; orally) 

Group 11: Probiotic treated group Aluminium chloride (5 mg/kg; orally), d-
galactose (60 mg/kg; intraperitoneally), L. 
rhamnosus (109 CFU; orally) 

Group 12: Vanillin low dose + Magnolol low 
dose treated group 

Aluminium chloride (5 mg/kg; orally), d-
galactose (60 mg/kg; intraperitoneally), Vanillin 
(20 mg/kg; orally) + Magnolol 20 mg/kg; orally) 

Group 13: Vanillin low dose + Probiotic 
treated group 

Aluminium chloride (5 mg/kg; orally), d-
galactose (60 mg/kg; intraperitoneally), Vanillin 
(20mg/kg; orally) + L. rhamnosus (109 CFU; 
orally) 

Group 14: Magnolol + Probiotic treated group Aluminium chloride (5 mg/kg; orally), d-
galactose (60 mg/kg; intraperitoneally), 
Magnolol (20 mg/kg; orally) + L. rhamnosus 
(109 CFU; orally) 

Group 15: Vanillin low dose + Magnolol low 
dose + Probiotic treated group 

Aluminium chloride (5 mg/kg; orally), d-
galactose (60 mg/kg; intraperitoneally), Vanillin 
(20 mg/kg; orally) + Magnolol (20 mg/kg; orally) 
+ L. rhamnosus (109 CFU; orally) 



Chapter 4: Experimental work 
 

 
 

 52 

Aluminium chloride, vanillin, donepezil hydrochloride and L.rhamnosus were formulated with 

purified drinking water, respectively, and each was administered orally. D-galactose was 

formulated into a solution using sterile normal saline as a vehicle and it was administered 

intraperitoneally. Magnolol was suspended using 0.5% w/v sodium CMC in purified drinking 

water. The dose of vanillin was chosen as per previously published studies involving 

neurological disorders like amnesia (Anand et al., 2022) and epilepsy (Almostafa et al., 2024). 

The dose for magnolol was selected on the basis of previously published study involving 

neuropathology associated behavioural impairments (Xian et al., 2020). For the probiotic 

L.rhamnosus, the dose was selected on the basis of available literature (Han et al., 2021; Ma et 

al., 2021). 

4.2.3 Evaluation  

4.2.3.1 Behavioural evaluation 

4.2.3.1.1 Locomotor activity  

For evaluating the spontaneous locomotion of each test animal, an actophotometer 

(manufactured by Inco, India) was utilized. The apparatus comprised of a square-shaped 

activity chamber, which had a detachable opaque lid to facilitate easy placement and removal 

of the animals. The base of the activity chamber had twelve holes with photoelectric emitters 

and receivers installed in close proximity. The sensors were positioned in such a way that any 

obstruction in at least one of the light beams due to the movement of animal would get 

registered by the digital meter. Each mouse was placed individually in the activity chamber for 

300 seconds. On the 0th and 91st days of treatment, respectively, the locomotor activity of the 

animals was recorded (Anand et al., 2022; Habibyar et al., 2016; Nazari et al., 2013). 0th day 

refers to the day before the first day of aluminium chloride and d-galactose administration. 
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4.2.3.1.2 Transfer latency (TL) 

The time that each animal took to traverse from one of the open arms of the elevated plus maze 

equipment to one of its enclosed arms (using all four paws) was noted as TL. The method, 

protocol, and endpoint were consistent with previous studies (Anand et al., 2022; Dhingra and 

Kumar, 2012; Parle et al., 2004). The equipment was made of two enclosed arms (16 cm × 5 

cm × 15 cm) and corresponding open arms (16 cm × 5 cm) extending from a centrally located 

platform (5 cm × 5 cm), placed 25 cm above the ground. In the experiment, every animal was 

separately positioned at the boundary of an open arm, facing away from the centrally located 

platform, and TL was recorded on the 90th day of the protocol (acquisition). To assess the 

retention of memory the procedure was reiterated 24 hours after the acquisition trial. If an 

animal could not enter the enclosed arm within the 90-second cut-off time during the 

acquisition phase, it was gently assisted to reach the enclosed arm. After that, it was given 120 

seconds to explore the maze before being returned to its home cage. A reduction in TL indicates 

an improvement in memory. 

4.2.3.1.3 Novel Object Recognition (NOR) 

The experiment utilizes the natural inclination of rodents for spending more time to explore 

unfamiliar objects when they are allowed to explore both a familiar and an unfamiliar (novel) 

object. It took place over three days: the habituation day, training day, and testing day. The 

methods, procedures, and endpoint were developed based on prior research (Antunes and Biala, 

2012; Leger et al., 2013; Lueptow, 2017). The equipment consisted of a black non-porous 

plastic chamber measuring 40 cm x 40 cm x 40 cm which was divided into nine squares using 

non-toxic white paint. During the habituation test, each mouse was allowed to explore the 

activity area for 5 minutes without any objects present. During the training test, two similar 

unbreakable objects were placed diagonally, and a diffused light of 20 lux illuminated the 
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center of the chamber. Either of the objects was exchanged with a novel i.e. unfamiliar object 

during the retention test, which was different in shape and size but similarly complex. The 

duration during which each animal investigated the new and familiar objects was documented. 

The test was conducted for 5 minutes for each animal, provided the animal spent at least 20 

seconds with each object. If the time spent with either object was less than 20 seconds, the test 

was continued until the exploration time for each object exceeded 20 seconds. Investigation 

time was calculated using the following formula: 

(Tn-Tf/Tt)*100 

;where Tn is the time spent in exploring the unfamiliar i.e. novel object, Tf is the time spent 

in exploring the familiar object, Tt is the total exploration time.  

If the investigation time is less than 50%, it indicates that the animal favors the familiar 

object more. An investigation time equal to 50% means that the animal has an equal preference 

for both the familiar and novel objects. Finally, if the investigation time is greater than 50%, it 

signifies that the animal prefers the novel object more. 

4.2.3.1.4 Escape Latency (EL) 

The EL in the MWM was established as a method to measure the memory of test animals. It is 

defined as the time it takes for an animal to swim to the hidden platform in the water maze and 

climb onto it (Morris, 1981). The tendency for rodents to escape from water is generally not 

influenced by factors like physical movement or body mass, thereby making it apt for various 

screening models. The methods, protocol, and endpoint of the experiment were based on 

previous studies (Anand et al., 2022b; Bromley-Brits et al., 2011; Vorhees and Williams, 

2014). The equipment used for the MWM comprised of a circular chamber or pool with a radius 
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of 75 cm and a depth of 50 cm. The inside of the pool was painted black using a non-toxic paint 

to create a contrast with the colour of the test animals. The pool was segmented into four 

sections using a thick thread, and spatial cues in the form of high contrast vivid images were 

placed both inside the pool (above the water level) and in the surrounding room. A fixed 

location in the pool housed a 10 cm x 10 cm platform, which could move vertically through a 

channel. The water temperature was maintained at a constant 22°C throughout the experiment.  

The training trials for the MWM typically took place over a duration of five days. On 

the first day, the platform was placed above the water surface and a flag was placed over it to 

make it visible. The animals were introduced in the pool and were allowed to find the platform. 

If they were unable to ascend the platform within 60 seconds, they were gently guided to it. 

For the following four days, the platform was positioned beneath the surface of water and the 

flag was removed. The animals were placed in the pool from different quadrants, and the time 

each animal took to find the platform was recorded. On the sixth day, a probe trial was 

conducted during which the platform was taken out and the animals were placed in the pool. 

The amount of time that the animals spent in the quadrant where the platform was previously 

located was recorded. The results of the MWM can be used to evaluate the acquisition of spatial 

learning and memory of the animals. Animals that were able to reach the quadrant where the 

platform was located previously and spend more time in that quadrant were considered to have 

better spatial learning and memory. 

4.2.3.2 Biochemical evaluation  

At the conclusion of the protocol, all animals were humanely euthanized through decapitation 

following cervical dislocation. Post the removal of brains, the cortical and hippocampal regions 

were separated and placed in nearly frozen phosphate buffered saline (PBS) with a pH of 7.4 

(10%w/v). The cortex and hippocampus were then homogenized in PBS and the resulting 
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homogenate was subjected to centifugation at 10,000g for 15 minutes at 4°C in a cooling 

centrifuge. The supernatant, the liquid portion after centrifugation, was collected and used for 

measuring TBARS levels (Ohkawa et al., 1979), GSH levels (Beutler et al., 1963), CAT (Aebi, 

1984), and AChE (Ellman et al., 1961). The total protein content was determined using the 

Biuret kit method. All measurements were taken in triplicate. 

4.2.3.2.1 Thiobarbituric Acid Reactive Substances (TBARS) 

To measure the concentration of TBARS, a mixture of 0.2 mL of tissue homogenate 

supernatant, 200 µL of sodium dodecyl sulfate, 1500 µL of glacial acetic acid (pH 3.5), and 

1500 µL of thiobarbituric acid was prepared. The total volume was then brought to 4000 µL 

by adding deionized water. The mixture was stored at 95°C for 1 hour. After incubation, the 

mixture was cooled and 5000 µL of a blend of n-butanol and pyridine (in a 15:1 v/v ratio) was 

added, followed by an additional 1 mL of deionized water. The mixture was centrifuged for 10 

minutes at 4,000g and 4°C. The contents of the tubes developed a pink color, and the intensity 

of this color was recorded at 532 nm using a double beam UV spectrophotometer. A standard 

calibration curve was created using serial dilutions of 1,1,3,3-tetramethoxypropane. The 

concentration of TBARS was reported as nM/mg of protein. 

4.2.3.2.2 Reduced glutathione (GSH) 

To measure the concentration of glutathione (GSH), a mixture of 300 μL of supernatant from 

the tissue homogenate and 300 μL of 10% w/v ice-cold trichloroacetic acid was prepared. The 

mixture was then subjected to centrifugation at 1,000g for 10 minutes at 4°C using a cooling 

centrifuge. The supernatant was then poured into a new test tube and blended with 2000 µL of 

0.3M disodium hydrogen phosphate and 500 µL of the supernatant. The test tube was filled 

with a freshly prepared 0.001M solution of [5,5-dithiobis(2-nitrobenzoic acid)] (DTNB) in 250 
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µL of sodium citrate (1% w/v).. The absorbance of the mixture was measured at 412 nm using 

a double beam UV spectrophotometer. A standard plot was created using serial dilutions of 

glutathione ranging from 10-100 μM. The concentration of GSH was reported as μM/mg of 

protein. 

4.2.3.2.3 Catalase activity (CAT) 

To assess catalase activity, a blend was created by combining 50 μL of tissue homogenate 

supernatant, 1950 μL of 50 mM phosphate buffer with a pH of 7, and 1000 μL of 30 mM 

hydrogen peroxide within a cuvette. The absorbance of the final solution was recorded at 240 

nm using a double beam UV spectrophotometer at intervals of 15 seconds for a duration of 30 

seconds. The following formula was utilized to calculate CAT: 

Catalase activity = d O.D. / e x V x protein content (in mg) 

;where d O.D. = change in the absorbance per minute, e = hydrogen peroxide’s extinction 

coefficient (0.071 mM cm-1), V = the volume of the sample in mL. 

4.2.3.2.4 Activity of Acetylcholinesterase (AChE)  

A colorimetric assay was used to assess the activity of the enzyme AChE. The test evaluates 

the rate at which thiocholine is produced from acetylcholine halide when AChE is present. 

Thiocholine reacts with dithiobisnitrobenzoate ions to form a yellow-colored product. The 

absorbance of the yellow product is recorded at 420 nm using a double beam UV 

spectrophotometer. The assay was performed by mixing 100 μL of tissue homogenate 

supernatant with a freshly prepared solution of DTNB (0.1 mg/mL) in pH 8 Sorenson's 

phosphate buffer. A separate test tube containing donepezil hydrochloride was used as a blank. 

The shift in absorbance per minute was measured at 420 nm at one-minute intervals over a 
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period of two minutes. The rate of thiocholine development is proportional to the activity of 

AChE. The following formula was used to calculate the AChE activity: 

R = d O.D. x V/ e x mg of protein 

;where R = rate of enzymatic activity in ‘n’ mole of acetylcholine halide hydrolysed per 

minute per mg of protein, d O.D. = change in absorbance per minute and e = the extinction 

coefficient (13,600/M/cm). 

4.2.3.2.5 Total protein  

The total protein content of all samples was evaluated using the biuret method, according to 

the instructions provided in the package insert of the total protein estimation kit by Erba 

Mannheim. The total protein was calculated using the following formula: 

Total protein (g/dL)= (Absorbance of test/Absorbance of standard) x Concentration of standard 

(g/dL). 

4.2.3.3 ELISA 

All assays were based on double enzyme sandwich method of assay. 

4.2.3.3.1 Beta secretase 

Beta secretase has become a coveted target for screening of potential anti-AD drugs. It is an 

enzyme which cleaves amyloid precursor protein and begins the production of Ab (Vassar et 

al., 2009). Beta secretase inhibitory activity is highly desirable for any potential anti-AD drug 

to ensue a disease modifying effect.  
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All the reagents in the package were allowed to attain room temperature and the assay 

was performed at room temperature. Serial dilutions were made by reconstituting the standard 

(1600 pg/mL) with the supplied standard diluent. The plain standard diluent served as the zero 

standard (0 pg/mL). 40 µL sample was added to each well of the 96 well plate and then 10 µL 

of anti-beta secretase antibody was added to each sample well. The anti-beta secretase antibody 

was not added to the standard wells as the standard solution contained biotinylated antibody. 

Further, 50 µL of streptavidin-horseradish peroxidase was added to all wells except the blank 

control well. The plate was sealed and incubated at 37oC for 60 minutes. Then the plate was 

unsealed and rinsed 5 times with the supplied wash buffer (0.35 mL of wash buffer with a 

contact time of 30-60 seconds). 50 µL of substrate solutions A and B were poured into each 

well, sequentially. The plate was then sealed with a fresh supplied sealer and incubated in dark 

at 37oC for 10 minutes. 50 µL of stop solution was poured into each well turning the blue colour 

into yellow instantly. Optical density (OD) of each well was recorded immediately (within 10 

minutes of adding the stop solution) at 450 nm using a microplate reader. Individual values for 

each well were calculated by using the standard plot (Bioassay Technology Laboratory, 2022a).  

4.2.3.3.2 Caspase-3 

Caspase-3 mediates apoptotic cell death which in turn does not only lead to neurodegeneration 

but also aids the progression of the underlying pathological mechanisms of AD. Several studies 

have reported synaptic increase in caspase-3 levels in AD patients. Inhibition of caspase-3 

enzyme can be seen as a bright new avenue for research on anti-AD drug development 

(D’Amelio et al., 2010; Louneva et al., 2008; Rohn, 2010).  

The contents of the kit were brought to room temperature before use. The vial 

containing the standard solution was centrifuged at 6,000-10,000 rpm for 30 seconds. The 
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given standard solution was reconstituted with 1 mL of sample diluent to prepare a stock 

solution of 20 ng/mL concentration. Serial dilutions were made by adding sample diluent to 

the stock solution in various proportions as per the procedure mentioned in the kit’s literature. 

Sample diluent alone served as the zero standard (0 ng/mL). 100 µL of standard and sample 

was poured into the designated wells of the 96 well plate, respectively. The plate was sealed 

with the supplied adhesive sealing sheet and it was incubated at 37oC for 120 minutes. Later, 

the liquid was removed from all wells (without washing) and 100 µL of biotin antibody (1x) 

was introduced to each well. The plate was again sealed with a fresh adhesive sheet supplied 

in the package and it was allowed to incubate at 37oC for 1 hour. After the incubation was 

complete, each well was aspirated and washed thrice by filling each well with 200 µL of wash 

buffer and providing a contact time of 120 seconds. 100 µL of horseradish peroxidase-avidin 

(1x) was introduced to each well and the plate was sealed with a fresh adhesive sheet and it 

was allowed to incubate at 37oC for 1 hour. 90 µL of 3,3’,5,5’-Tetramethylbenzidine (TMB) 

substrate was introduced to each well and the plate was lightly tapped to ensure complete 

mixing and removal of any air bubbles. It was incubated at 37oC for 15-30 minutes in dark. 50 

µL of stop solution was poured into each well and the OD of each well was recorded within 5 

minutes at 450 nm and 540 nm using a microplate reader. The OD at 540 nm were subtracted 

from those at 450 nm to correct for optical imperfections in the plate. Individual values for 

each well were calculated by using the standard plot (CUSABIO, 2022). 

4.2.3.3.3 Ab1-42 

Accumulation of Ab1-42 in brain leads to disruption of synaptic plasticity which further 

deteriorates memory function (Izzo et al., 2014; Sadigh-Eteghad et al., 2015). Ab  

accumulation also leads to mitochondrial dysfunction which further leads to the evolution of 
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AD (Anand et al., 2017). The anti Ab aggregatory activity is highly desirable for any potential 

anti-AD drug.  

The contents of the kit were brought to room temperature before use. The vial 

containing the standard solution was centrifuged at 6,000-10,000 rpm for 30 seconds. The 

given standard solution was reconstituted with 1 mL of sample diluent to prepare a stock 

solution of 1000 pg/mL concentration. Serial dilutions were made by adding sample diluent to 

the stock solution in various proportions as per the procedure mentioned in the kit’s literature. 

Sample diluent alone served as the zero standard (0 pg/mL). 100 µL of standard and sample 

was introduced to the designated wells of the 96 well plate, respectively. The plate was sealed 

with the supplied adhesive sealing sheet and it was allowed to incubate at 37oC for 120 minutes. 

Later, the liquid was removed from all wells (without washing) and 100 µL of biotin antibody 

(1x) was introduced to each well. The plate was again sealed with a fresh adhesive sheet 

supplied in the package and it was allowed to incubate at 37oC for 1 hour. After the incubation 

was complete, each well was aspirated and washed thrice by filling each well with 200 µL of 

wash buffer and providing a contact time of 120 seconds. 100 µL of horseradish peroxidase-

avidin (1x) was introduced to each well and the plate was sealed with a fresh adhesive sheet 

and it was allowed to incubate at 37oC for 1 hour. 90 µL of 3,3’,5,5’-Tetramethylbenzidine 

(TMB) substrate was introduced to each well and the plate was lightly tapped to ensure 

complete mixing and removal of any air bubbles. It was incubated at 37oC for 15-30 minutes 

in dark. 50 µL of stop solution was poured into each well and the OD of each well was recorded 

within 5 minutes at 450 nm and 540 nm using a microplate reader. The OD at 540 nm were 

subtracted from those at 450 nm to correct for optical imperfections in the plate. Individual 

values for each well were determined by using the standard plot (CUSABIO, 2022b) 
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4.2.3.3.4 Brain Derived Neurotrophic Factor (BDNF) 

BDNF plays a pivotal role in the maintenance of adult cortical neurons the early dysfunction 

of which leads to the initial short-term memory deficits in AD. A deficiency of BDNF 

contributes to the shaping of neurodegeneration in AD. If any potential anti-AD agent can 

manipulate BDNF, it can be a valuable addition to the therapeutic approaches (Giuffrida et al., 

2018; Lu et al., 2014).  

All the reagents in the package were allowed to attain the room temperature and the 

assay was performed at room temperature. Serial dilutions were made by reconstituting the 

standard (12.8 ng/mL) with the supplied standard diluent. The plain standard diluent served as 

the zero standard (0 ng/mL). 40 µL sample was added to each well of the 96 well plate and 

then 10 µL of anti-beta secretase antibody was added to each sample well. The anti-beta 

secretase antibody was not added to the standard wells as the standard solution contained 

biotinylated antibody. Further, 50 µL of streptavidin-horseradish peroxidase was added to all 

wells except the blank control well. The plate was sealed and incubated at 37oC for 60 minutes. 

Then the plate was unsealed and rinsed 5 times with the supplied wash buffer (0.35 mL of wash 

buffer with a contact time of 30-60 seconds). 50 µL of substrate solutions A and B were 

introduced to each well, sequentially. The plate was again sealed with a fresh supplied sealer 

and incubated in dark at 37oC for 10 minutes. 50 µL of stop solution was poured into each well 

turning the blue colour into yellow instantly. OD of each well was recorded immediately 

(within 10 minutes of adding the stop solution) at 450 nm using a microplate reader. Individual 

values for each well were calculated by using the standard plot(Bioassay Technology 

Laboratory, 2022b). 
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4.2.3.4 Statistical analysis 

The results have been reported as mean ± SEM. Locomotor activity and EL (Acquisition trials) 

were analysed using a two-way analysis of variance (ANOVA) test. All other behavioural tests, 

biochemical assays and results ELISA were analysed using a one-way ANOVA test. The 

statistical significance of the results was taken into consideration at p<.001, p<.01and p<.05 

using Tukey’s test. The statistical analyses were conducted with the help of GraphPad Prism v 

9.4.1. 

4.2.3.5 Histopathological analysis 

The examination of the cerebral cortical and hippocampal regions of the mice's brain involved 

histopathological analysis, employing hematoxylin and eosin staining.  TS of the cerebral 

cortex and hippocampus, each with a thickness ranging from 7 to 9 millimeters, were initially 

preserved in formal calcium and subsequently embedded in paraffin wax. Following this, the 

sections were sliced, subjected to dewaxing in xylene, and underwent a process of hydration 

involving decreasing concentrations of alcohol. They were then stained with hematoxylin, 

dehydrated through a gradual increase in alcohol concentration up to 70%, and finally stained 

with a 1% alcoholic eosin solution. Subsequently, the sections were differentiated in 90% 

alcohol and cleared in xylene. The stained transverse sections were later examined under a 

microscope (specifically, the Zeiss Primo star) for the purpose of conducting histopathological 

evaluations (Kumar et al., 2021).  
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5. RESULTS 

***, ** and * have been used to represent p < .001, p < .01 and p < .05 in comparison with the 

VC group, respectively. The comparisons with DC group have been represented as ^^^, ^^ and 

^ which signify p < .001, p < .01 and p < .05, respectively. To represent comparisons with the 

donepezil treated group, ###, ## and # have been used to represent p < .001, p < .01 and p < 

.05, respectively. 

5.1 Vanillin 

5.1.1 Behavioural evaluation 

5.1.1.1 Locomotor activity 

Figure 5.1 shows how vanillin and other interventions had an impact on locomotor activity. 

Fig. 5.1: Impact of vanillin and other interventions on locomotor activity expressed as 

mean ± SEM. 
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There was no consequential difference found between the number of crossings between all 

groups on both 0th day and 91st days of the protocol, respectively. Also, no consequential 

difference was found between the number of crossings between the groups on 91st day with the 

same groups on 0th day.  

5.1.1.2 Transfer latency 

Figure 5.2 illustrates how vanillin and other interventions influenced the transfer latency of 

animals in various groups, in the present study. 

 

Fig.5.2: Impact of vanillin and other interventions on transfer latency expressed as mean 

± SEM. ***, ** and * have been used to represent p < .001, p < .01 and p < .05 in comparison with the VC 

group, respectively. The comparisons with DC group have been represented as ^^^, ^^ and ^ which signify p < 

.001, p < .01 and p < .05, respectively. To represent comparisons with the donepezil treated group, ###, ## and # 

have been used to represent p < .001, p < .01 and p < .05, respectively. 
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Vanillin per se remarkably (p<.05) reduced the TL thereby indicating towards its nootropic 

activity. TL was remarkably (p<.001) higher in animals belonging to DC group contrasted with 

the VC group. All treatments i.e. donepezil, vanillin low dose and vanillin high dose 

remarkably (p<.001) decreased TL in comparison with the DC group. However, no 

consequential difference was found between donepezil treated group and either of the vanillin 

treated groups.  

5.1.1.3 Investigation time (in NOR) 

Figure 5.3 shows the effect that vanillin and other interventions had on the investigation time 

in NOR test. 

 

Fig.5.3: Impact of vanillin and other interventions on investigation time expressed as 

mean ± SEM. ***, ** and * have been used to represent p < .001, p < .01 and p < .05 in comparison with the 

VC group, respectively. The comparisons with DC group have been represented as ^^^, ^^ and ^ which signify p 

< .001, p < .01 and p < .05, respectively. To represent comparisons with the donepezil treated group, ###, ## and 

# have been used to represent p < .001, p < .01 and p < .05, respectively. 
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In NOR paradigm, the vanillin per se group was found to remarkably (p<.05) increase the 

investigation time thereby indicating its nootropic effect. The investigation time was 

remarkably (p<.001) lesser for animals belonging to DC group in comparison with those in the 

VC group. All treatments i.e. donepezil, vanillin low dose and vanillin high dose remarkably 

(p<.001) increased investigation time in comparison with the DC group. Vanillin high dose 

treated group was found to have a remarkably (p<.01) increased investigation time in 

comparison with the donepezil treated group. 

5.1.1.4 Escape latency 

Impact of vanillin and other interventions on acquisition time in MWM paradigm has been 

illustrated in figure 5.4 and that in the probe trial is illustrated in figure 5.5. 

Fig. 5.4: Impact of vanillin and other interventions on escape latency during acquisition 

trials represented as mean ± SEM. ***, ** and * have been used to represent p < .001, p < .01 and p < 

.05 in comparison with the VC group, respectively. The comparisons with DC group have been represented as 
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^^^, ̂ ^ and ̂  which signify p < .001, p < .01 and p < .05, respectively. To represent comparisons with the donepezil 

treated group, ###, ## and # have been used to represent p < .001, p < .01 and p < .05, respectively. a represents 

p < .05 with respect to same group on day 1. bb represents p < .01 with respect to the same group on day 2. 

On 1st day of the trials, there was no consequential difference between the EL of any group. 

On the 2nd day of the trials, vanillin per se group exhibited a remarkable (p<.001) reduction in 

EL in comparison with the group that received only the vehicle. The animals belonging to the 

DC group had a remarkably (p<.001) higher EL than those belonging to the VC group and a 

remarkably (p < .05) higher EL than the same group on 1st day. Donepezil treated and vanillin 

high dose treated groups exhibited a consequential (p<.05; p<.01) reduction in EL contrasted 

with the DC group. The group that received vanillin low dose demonstrated a reduction in the 

EL contrasted with the DC group but the difference was not statistically consequential. On the 

3rd day of the trials, vanillin per se administration led to a remarkable (p<.01) reduction in EL 

in comparison with the VC group. The EL shown by DC group was remarkably (p<.001) higher 

than the group that received only the vehicle. Donepezil treatment and vanillin low dose 

treatment led to a reduction in the EL contrasted with the DC group, however, the difference 

was not statistically consequential. Vanillin high dose treatment group had a remarkable 

(p<.01) reduction in EL in comparison with the DC group. On the 4th day, the EL of the group 

which received only the vehicle remarkably (p<.01) decreased in comparison with the same 

group on 2nd day, however, it did not differ remarkably in comparison with the vanillin per se 

treatment on the same day.  DC group had a remarkably (p<.001) higher EL than the group 

which received only the vehicle and a remarkably (p<.05) higher EL than its counterpart on 1st 

day. All treatments i.e. donepezil, vanillin low dose and vanillin high dose led to a remarkable 

(p<.001) reduction in the EL in comparison with the DC group. On 5th day, vanillin per se 

treated group exhibited a remarkably (p<.05) decreased EL than the same group on 1st day. 

Other results were similar to as that obtained on the 4th day.  
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Fig. 5.5: Impact of vanillin and other interventions on the time spent in target quadrant 

(in the probe trial) expressed as mean ± SEM. ***, ** and * have been used to represent p < .001, p 

< .01 and p < .05 in comparison with the VC group, respectively. The comparisons with DC group have been 

represented as ^^^, ^^ and ^ which signify p < .001, p < .01 and p < .05, respectively. To represent comparisons 

with the donepezil treated group, ###, ## and # have been used to represent p < .001, p < .01 and p < .05, 

respectively. 

Vanillin per se administration led to a remarkably (p<.05) higher time spent in the target 

quadrant than the VC group. DC group had a remarkably (p<.001) decreased time spent in the 

target quadrant than the VC group. Donepezil and vanillin high dose treatment, respectively, 

led to consequential (p<.001) increase in time spent in the target quadrant than the DC group. 

Vanillin low dose treatment group exhibited a remarkably (p<.01) higher in time spent in the 

target quadrant than the DC group. There was no statistically consequential difference found 

between time spent in the target quadrant for donepezil treated group and either of the vanillin 

treated groups. 
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5.1.2 Biochemical evaluation  

5.1.2.1 TBARS 

Figure 5.6 shows the levels of hippocampal and cortical TBARS in animals receiving vanillin 

and other interventions. 

Fig. 5.6: Impact of vanillin and other interventions on TBARS expressed as mean ± SEM. 

***, ** and * have been used to represent p < .001, p < .01 and p < .05 in comparison with the VC group, 

respectively. The comparisons with DC group have been represented as ^^^, ^^ and ^ which signify p < .001, p < 

.01 and p < .05, respectively. To represent comparisons with the donepezil treated group, ###, ## and # have been 

used to represent p < .001, p < .01 and p < .05, respectively. 

In cortex, vanillin per se group exhibited a remarkable (p<.001) reduction in content of 

TBARS. DC group had a remarkably (p<.001) increased TBARS content in comparison with 

the VC group. All treatments i.e. donepezil, vanillin low dose and vanillin high dose exhibited 

a remarkable (p<.001) diminution in level of TBARS in comparison with the DC group. 

Vanillin low dose treatment remarkably (p<.05) decreased the TBARS level in comparison 
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with the donepezil treated group and vanillin high dose treated group exhibited a remarkable 

(p<.001) reduction in the content of TBARS in comparison with the donepezil treated group. 

Similar results were obtained in the hippocampus. However, in the hippocampal region, both 

vanillin low dose and high dose treated groups exhibited a remarkable (p<.001) reduction in 

the content of TBARS in comparison with the donepezil treated group. 

5.1.2.2 GSH 

Figure 5.7 illustrates the levels of GSH in cortex and hippocampus of test animals assigned to 

various treatment groups including vanillin treatment groups. 

 

Fig. 5.7: Impact of vanillin and other interventions on GSH expressed as mean ± SEM. 

***, ** and * have been used to represent p < .001, p < .01 and p < .05 in comparison with the VC group, 

respectively. The comparisons with DC group have been represented as ^^^, ^^ and ^ which signify p < .001, p < 

.01 and p < .05, respectively. To represent comparisons with the donepezil treated group, ###, ## and # have been 

used to represent p < .001, p < .01 and p < .05, respectively. 



Chapter 5: Results and discussion 
 

 
 

 72 

In cortex, vanillin per se treatment exhibited a remarkably (p<.01) higher GSH in comparison 

with the VC group. For the DC group, a remarkable (p<.001) reduction in GSH was noted with 

respect to the VC group. While donepezil treatment remarkably (p<.05) increased GSH, both 

vanillin low dose and high dose treated groups exhibited a remarkable (p<.001) increase in 

GSH, in comparison with the DC group. The increase in GSH for both vanillin treated groups 

i.e. vanillin low dose and vanillin high dose groups was remarkably (p<.001) higher than 

observed in donepezil treated group. In hippocampus, vanillin per se treatment led to a 

remarkable (p<.001) increase in GSH in comparison with the VC group. The reduction in GSH 

for DC group was consequential (p<.001) contrasted with the VC group. Donepezil treatment 

increased the level of GSH remarkably (p<.05) than the DC group. Both vanillin low dose and 

high dose treated groups were observed to remarkably (p<.001) increase the levels of GSH, in 

comparison with the DC group. In comparison with the donepezil treated group, the rise in 

GSH was consequential for both vanillin low dose treatment group (p<.01) and vanillin high 

dose treatment group (p<.001). 
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5.1.2.3 CAT 

Figure 5.8 shows CAT in cortical and hippocampal regions of brain in animals assigned to 

various treatment groups including vanillin treatment groups. 

 

 

 

 

 

 

 

Fig. 5.8: Impact of vanillin and other interventions on CAT expressed as mean ± SEM. 

***, ** and * have been used to represent p < .001, p < .01 and p < .05 in comparison with the VC group, 

respectively. The comparisons with DC group have been represented as ^^^, ^^ and ^ which signify p < .001, p < 

.01 and p < .05, respectively. To represent comparisons with the donepezil treated group, ###, ## and # have been 

used to represent p < .001, p < .01 and p < .05, respectively. 

In cortex, there was a remarkable (p<.01) rise in the CAT for vanillin per se group in 

comparison with the group that received only the vehicle. The DC group had a remarkably 

(p<.001) lower CAT with respect to the group that received only the vehicle. Donepezil 

treatment increased the CAT contrasted with the DC group but it was not statistically 

consequential. Vanillin low dose treatment led to a remarkable (p<.05) rise in CAT while 

vanillin high dose led to a remarkable (p<.001) increase in CAT, in comparison with the DC 

group. Vanillin high dose treated group exhibited a remarkable (p<.001) rise in CAT with 

respect to the donepezil treated group. In hippocampus, vanillin per se treatment increased the 
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CAT but it was not statistically consequential. The CAT was remarkably (p<.001) lower in DC 

group than the VC group. Treatment with donepezil led to a statistically inconsequential 

increase in CAT when contrasted with the DC group. Treatment with low dose of vanillin 

elevated the CAT remarkably (p<.01) and vanillin high dose treatment led to a remarkable 

(p<.001) rise in the CAT, in comparison with the DC group. In comparison with the donepezil 

treated group, the vanillin high dose treated group was observed to have a remarkably (p<.001) 

higher CAT.  

5.1.2.4 AChE 

Figure 5.9 gives an illustration of cortical and hippocampal AChE activity in mice receiving 

vanillin and other interventions. 

Fig. 5.9: Impact of vanillin and other interventions on AChE expressed as mean ± SEM. 

***, ** and * have been used to represent p < .001, p < .01 and p < .05 in comparison with the VC group, 

respectively. The comparisons with DC group have been represented as ^^^, ^^ and ^ which signify p < .001, p < 
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.01 and p < .05, respectively. To represent comparisons with the donepezil treated group, ###, ## and # have been 

used to represent p < .001, p < .01 and p < .05, respectively. 

In cortex, vanillin per se treatment remarkably (p<.05) inhibited the activity of AChE in 

comparison with group that received only the vehicle. The AChE activity was remarkably 

(p<.001) higher in the DC group than the VC group. Donepezil treatment remarkably (p < .001) 

decreased the activity of AChE when contrasted with the DC group. Vanillin low dose 

treatment exhibited a remarkable (p<.001) reduction in activity of AChE in comparison with 

the DC group but it was remarkably (p<.001) higher than donepezil treated group. Vanillin 

high dose treatment led to a remarkable (p<.001) fall in activity of AChE than the DC group 

but it was remarkably (p<.05) higher than the donepezil treated group. In the hippocampus, 

vanillin per se exhibited a statistically inconsequential diminution in AChE activity than the 

VC group. DC group was observed to have a remarkable (p<.001) increase in AChE activity 

when compared with the VC group. All treatments i.e. donepezil, vanillin low dose and vanillin 

high dose remarkably (p<.001) decreased the activity of AChE when contrasted with the DC 

group. While vanillin low dose treatment group had a remarkably (p<.05) higher AChE activity 

than the donepezil treated group, vanillin high dose treatment had a comparable AChE activity 

with respect to the donepezil treated group. 
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5.1.3 ELISA 

5.1.3.1 Beta secretase 

Impact of vanillin and other interventions on beta secretase has been illustrated in figure 5.10. 

Fig. 5.10: Impact of vanillin and other interventions on beta secretase expressed as mean 

± SEM. ***, ** and * have been used to represent p < .001, p < .01 and p < .05 in comparison with the VC 

group, respectively. The comparisons with DC group have been represented as ^^^, ^^ and ^ which signify p < 

.001, p < .01 and p < .05, respectively. To represent comparisons with the donepezil treated group, ###, ## and # 

have been used to represent p < .001, p < .01 and p < .05, respectively. 

Similar results were obtained in cortex and hippocampus. Vanillin per se treatment exhibited 

a statistically inconsequential reduction in beta secretase activity. In DC group, beta secretase 

was remarkably (p<.001) higher than the group which received only the vehicle. While 

donepezil treatment was observed to have a statistically inconsequential reduction in beta 

secretase, both vanillin treated groups i.e. vanillin low dose treated and vanillin high dose 

treated groups exhibited a consequential (p<.001) reduction in beta secretase. Vanillin low dose 

treatment remarkably (p<.01) decreased beta secretase than the donepezil treated group. 
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Vanillin high dose treatment remarkably (p<.001) reduced the beta secretase in comparison 

with the donepezil treated group.  

5.1.3.2 Caspase-3 

Impact of vanillin and other interventions on caspase-3 has been illustrated in figure 5.11. 

 

Fig. 5.11: Impact of vanillin and other interventions on caspase-3 expressed as mean ± 

SEM. ***, ** and * have been used to represent p < .001, p < .01 and p < .05 in comparison with the VC group, 

respectively. The comparisons with DC group have been represented as ^^^, ^^ and ^ which signify p < .001, p < 

.01 and p < .05, respectively. To represent comparisons with the donepezil treated group, ###, ## and # have been 

used to represent p < .001, p < .01 and p < .05, respectively. 

In cortex, vanillin per se treatment led to a statistically inconsequential reduction in caspase-3 

level when contrasted with the VC group. The DC group exhibited a remarkably (p<.001) 

higher caspase-3 level than the VC group. Donepezil treatment led to a remarkable (p<.05) fall 

in the caspase-3 level with respect to the DC group. Vanillin low dose treatment was observed 
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to have a consequential (p<.01) diminishing effect on caspase-3 level while vanillin high dose 

treatment also exhibited a remarkable (p<.001) fall in caspase-3 level. In comparison with the 

donepezil treated group, the vanillin high dose treatment was able to reduction caspase-3 level 

remarkably (p<.01). In hippocampus, vanillin per se treatment decreased the level of caspase-

3 in comparison with the VC group but it was not statistically consequential. Donepezil 

treatment led to a statistically inconsequential reduction in caspase-3 level. Both vanillin 

treated groups i.e. vanillin low dose treated and vanillin high dose treated groups exhibited a 

consequential (p<.001) reduction in level of caspase-3 contrasted with the DC group. In 

comparison with the donepezil treated group, vanillin low dose treatment remarkably (p<.05) 

reduced the level of caspase-3 while vanillin high dose treated group exhibited a remarkable 

(p<.001) fall in the level of caspase-3. 

5.1.3.3 Ab1-42 

Impact of vanillin and other interventions on Ab1-42 has been illustrated in figure 5.12. 

 

 

 

 

 

 

 

Fig. 5.12: Impact of vanillin and other interventions on Ab1-42 expressed as mean ± SEM. 

***, ** and * have been used to represent p < .001, p < .01 and p < .05 in comparison with the VC group, 
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respectively. The comparisons with DC group have been represented as ^^^, ^^ and ^ which signify p < .001, p < 

.01 and p < .05, respectively. To represent comparisons with the donepezil treated group, ###, ## and # have been 

used to represent p < .001, p < .01 and p < .05, respectively. 

In cortex, vanillin per se treatment reduced the Ab1-42 level when contrasted with the group 

which received only the vehicle but it was not statistically consequential. DC group exhibited 

a remarkable (p<.001) increase in the Ab1-42 level when contrasted with the group which 

received only the vehicle. Treatment with donepezil and vanillin low dose remarkably (p<.01) 

reduced the level of Ab1-42 when contrasted with the DC group, respectively. Vanillin high 

dose treatment reduced the level of Ab1-42 remarkably (p<.001when contrasted with the DC 

group. The level of Ab1-42 observed in vanillin high dose treated group was remarkably (p<.01) 

lower than the donepezil treated group. In hippocampus, vanillin per se treatment led to a 

statistically inconsequential reduction in level of Ab1-42 when contrasted with the group that 

received only the vehicle. Ab1-42was remarkably (p<.001) increased in the DC group than the 

VC group. Donepezil treatment led to a remarkable (p<.01) fall in the Ab1-42 level when 

contrasted with the DC group. Both vanillin treated groups i.e. vanillin low dose and vanillin 

high dose groups remarkably (p<.001) reduced the level of Ab1-42 when contrasted with the DC 

group, respectively. Vanillin high dose treatment was observed to reduce the level of Ab1-

42remarkably (p<.001) in comparison with the donepezil treated group.  

5.1.3.4 BDNF 

Impact of vanillin and other interventions on BDNF has been illustrated in figure 5.13. 



Chapter 5: Results and discussion 
 

 
 

 80 

 

Fig. 5.13: Impact of vanillin and other interventions on BDNF expressed as mean ± SEM. 

***, ** and * have been used to represent p < .001, p < .01 and p < .05 in comparison with the VC group, 

respectively. The comparisons with DC group have been represented as ^^^, ^^ and ^ which signify p < .001, p < 

.01 and p < .05, respectively. To represent comparisons with the donepezil treated group, ###, ## and # have been 

used to represent p < .001, p < .01 and p < .05, respectively. 

In the cortex, treating with vanillin by itself did not result in a consequential change in BDNF 

levels contrasted with the control group that received a vehicle. However, the DC group 

showed a consequential (p<.001) reduction in BDNF levels contrasted with the VC group. 

Treatment with donepezil remarkably (p<.001) increased BDNF levels contrasted with the DC 

group. When treated with a low dose of vanillin, there was a consequential (p<.01) increase in 

BDNF levels contrasted with the DC group, but these levels were remarkably (p<.05) lower 

than those observed in the donepezil-treated group. The group treated with a high dose of 

vanillin exhibited BDNF levels remarkably (p<.001) higher than the DC group and similar to 
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the donepezil-treated group. In the hippocampus, treating with vanillin by itself resulted in a 

statistically inconsequential rise in BDNF levels contrasted with the control group that received 

a vehicle. In contrast, the DC group showed a consequential (p<.001) reduction in BDNF levels 

contrasted with the VC group. Both the donepezil-treated group and the high dose vanillin-

treated group exhibited consequential (p<.001) increases in BDNF levels contrasted with the 

DC group. While treatment with a low dose of vanillin increased BDNF levels remarkably 

(p<.05) contrasted with the DC group, these levels were still remarkably (p<.05) lower than 

those observed in the donepezil-treated group. 

5.1.4 Histopathological assessment  

No signs of damage were seen in the histopathological analysis of cerebral cortex and 

hippocampus of VC and vanillin per se groups, respectively. The DC group showed shrunken 

nuclei and protoplasm in both regions i.e. cerebral cortex and hippocampus. The donepezil and 

vanillin treated groups, respectively, showed improvement in the features observed in the DC 

group. However, maximum protection was observed in vanillin high dose treated group (figure 

5.14 a-b). 
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Fig. 5.14 (a-b): Histopathological analysis (40x) of TS of brain cortex and hippocampus 

using haematoxylin and eosin staining. The arrows mark the neuronal cells which have 

undergone degeneration as is evident from shrunken protoplasm and nuclei. 
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5.2 Magnolol 

5.2.1 Behavioural evaluation 

5.2.1.1 Locomotor activity 

Impact of magnolol and other interventions on locomotor activity has been illustrated in figure 

5.15. 

Fig. 5.15: Impact of magnolol and other interventions on locomotor activity expressed as 

mean ± SEM.  

There was no consequential difference found between the number of crossings between all 

groups on both 0th day and 91st days of the protocol, respectively. Also, no consequential 

difference was found between the number of crossings between the groups on 91st day with 

the same groups on 0th day.  
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5.2.1.2 Transfer latency 

Impact of magnolol and other interventions on TL has been illustrated in figure 5.16. 

 

Fig.5.16: Impact of magnolol and other interventions on transfer latency expressed as 

mean ± SEM. ***, ** and * have been used to represent p < .001, p < .01 and p < .05 in comparison with the 

VC group, respectively. The comparisons with DC group have been represented as ^^^, ^^ and ^ which signify p 

< .001, p < .01 and p < .05, respectively. To represent comparisons with the donepezil treated group, ###, ## and 

# have been used to represent p < .001, p < .01 and p < .05, respectively. 

Magnolol per se remarkably (p<.05) reduced the TL thereby indicating towards its nootropic 

activity. TL was remarkably (p<.001) higher for DC group contrasted with the VC group. All 

treatments i.e. donepezil, magnolol low dose and magnolol high dose remarkably (p<.001) 

decreased TL contrasted with the DC group. However, no consequential difference was found 

between donepezil treated group and either of the magnolol treated groups.  
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5.2.1.3 Investigation time (in NOR) 

Impact of magnolol and other interventions on investigation time has been illustrated in figure 

5.17. 

Fig.5.17: Impact of magnolol and other interventions on investigation time expressed as 

mean ± SEM. ***, ** and * have been used to represent p < .001, p < .01 and p < .05 in comparison with the 

VC group, respectively. The comparisons with DC group have been represented as ^^^, ^^ and ^ which signify p 

< .001, p < .01 and p < .05, respectively. To represent comparisons with the donepezil treated group, ###, ## and 

# have been used to represent p < .001, p < .01 and p < .05, respectively. 

In NOR paradigm, the magnolol per se group was found to remarkably (p<.05) increase the 

investigation time thereby indicating its nootropic effect. The investigation time was 

remarkably (p<.001) lesser for DC group in comparison with the group that received only the 

vehicle. All treatments i.e. donepezil, magnolol low dose and magnolol high dose remarkably 

(p<.001) increased investigation time in comparison with the DC group. 
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5.2.1.4 Escape latency 

Impact of magnolol and other interventions on acquisition time in MWM paradigm has been 

illustrated in figure 5.18 and that in probe trial has been illustrated in figure 5.19. 

Fig. 5.18: Impact of magnolol and other interventions on escape latency during 

acquisition trials expressed as mean ± SEM. ***, ** and * have been used to represent p < .001, p < 

.01 and p < .05 in comparison with the VC group, respectively. The comparisons with DC group have been 

represented as ^^^, ^^ and ^ which signify p < .001, p < .01 and p < .05, respectively. To represent comparisons 

with the donepezil treated group, ###, ## and # have been used to represent p < .001, p < .01 and p < .05, 

respectively. a indicates a significance level of p<.05 when contrasted with the corresponding group on day 

1, while aa indicates a higher significance level of p<.01 for the same comparison on day 1. Similarly, b 

signifies a significance level of p<.05 when contrasted with the corresponding group on day 2, and bb 

signifies a higher significance level of p<.01 for the same comparison on day 2. Finally, c indicates a 

significance level of p<.05 when contrasted with the corresponding group on day 3. 
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On 1st day, there was no consequential difference in the EL among all groups in the study. On 

the 2nd day, the DC group exhibited a remarkably (p<.001) higher EL than the VC group. It 

was also notably (p<.01) higher contrasted with the EL of same group on 1st day. Donepezil 

treated group had a remarkable (p<.05) reduction in EL than the DC group. Magnolol high 

dose treatment led to a remarkable (p<.001) reduction in EL than the DC group. On 3rd day, 

magnolol per se treatment remarkably (p<.05) decreased the EL than the group which received 

only the vehicle. The EL of DC group was remarkably (p<.001) higher than the VC group. All 

treatment groups i.e. donepezil, magnolol low dose and magnolol high dose groups, 

respectively, exhibited a remarkably (p<.001) lower EL than the DC group. On 4th day, the EL 

of VC group was remarkably (p<.01) lower than the same group on 2nd day. The EL of DC 

group was remarkably (p<.001) higher than the group which received only the vehicle and 

remarkably (p<.05) higher than the same group of 1st day. All treatment groups i.e. donepezil, 

magnolol low dose and magnolol high dose groups, respectively, exhibited a remarkably 

(p<.001) lower EL than the DC group. On 5th day, the EL of VC group was remarkably (p<.05) 

lower than the same group on 3rd day. The EL of DC group was remarkably (p<.001) higher 

than the group that received only the vehicle and remarkably (p<.05) higher than the same 

group of 1st day. All treatment groups i.e. donepezil, magnolol low dose and magnolol high 

dose groups, respectively, exhibited a remarkably (p<.001) lower EL than the DC group. The 

EL of donepezil treated and magnolol low dose treated groups, respectively, was remarkably 

(p<.05) lower than their counterparts on 2nd day. 
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Fig. 5.19: Impact of magnolol and other interventions on time spent in target quadrant 

during probe trial expressed as mean ± SEM. ***, ** and * have been used to represent p < .001, p 

< .01 and p < .05 in comparison with the VC group, respectively. The comparisons with DC group have been 

represented as ^^^, ^^ and ^ which signify p < .001, p < .01 and p < .05, respectively. To represent comparisons 

with the donepezil treated group, ###, ## and # have been used to represent p < .001, p < .01 and p < .05, 

respectively. 

The administration of magnolol by itself resulted in a notably higher amount of time spent in 

the target quadrant contrasted with the control group that received a vehicle (p<.01). In 

contrast, the DC group showed a consequential reduction in the time spent in the target 

quadrant contrasted with the VC group (p<.001). When treated with donepezil or a high dose 

of magnolol, there was a substantial increase in the time spent in the target quadrant contrasted 

with the DC group (p<.001 for both treatments). Likewise, the group treated with a low dose 

of magnolol exhibited a consequential increase in time spent in the target quadrant contrasted 

with the DC group (p<.05). Notably, there was no statistically consequential difference 
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observed in the time spent in the target quadrant between the group treated with donepezil and 

either of the groups treated with magnolol. 

5.2.2 Biochemical evaluation 

5.2.2.1 TBARS 

Impact of magnolol and other interventions on TBARS has been illustrated in figure 5.20. 

Fig. 5.20: Impact of magnolol and other interventions on TBARS expressed as mean ± 

SEM. ***, ** and * have been used to represent p < .001, p < .01 and p < .05 in comparison with the VC group, 

respectively. The comparisons with DC group have been represented as ^^^, ^^ and ^ which signify p < .001, p < 

.01 and p < .05, respectively. To represent comparisons with the donepezil treated group, ###, ## and # have been 

used to represent p < .001, p < .01 and p < .05, respectively. 

In the cortex, the group treated with magnolol alone showed a consequential reduction in 

TBARS levels (p<.001) than the group which received only the vehicle. Conversely, the DC 

group displayed a consequential increase in TBARS levels contrasted with the VC group 

(p<.001). All treatments, including donepezil, low-dose magnolol, and high-dose magnolol, 
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resulted in a consequential reduction in TBARS levels contrasted with the DC group (p<.001 

for all treatments). Specifically, the low-dose magnolol treatment led to a consequential 

reduction in TBARS levels contrasted with the group treated with donepezil (p<.01), and the 

high-dose magnolol treatment resulted in a consequential reduction in TBARS levels 

contrasted with the donepezil-treated group (p<.001). Similar results were observed in the 

hippocampus. However, in the hippocampal region, both the low-dose and high-dose 

magnolol-treated groups exhibited a consequential reduction in TBARS levels contrasted with 

the group treated with Donepezil (p<.001). 

5.2.2.2 GSH 

Impact of magnolol and other interventions on GSH has been illustrated in figure 5.21. 

 

Fig. 5.21: Impact of magnolol and other interventions on GSH expressed as mean ± SEM. 

***, ** and * have been used to represent p < .001, p < .01 and p < .05 in comparison with the VC group, 

respectively. The comparisons with DC group have been represented as ^^^, ^^ and ^ which signify p < .001, p < 
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.01 and p < .05, respectively. To represent comparisons with the donepezil treated group, ###, ## and # have been 

used to represent p < .001, p < .01 and p < .05, respectively. 

In the cortex, treatment with magnolol itself resulted in a consequential (p<.001) elevation in 

GSH levels when contrasted with the control group that received the vehicle. Conversely, the 

DC group exhibited a consequential (p<.001) reduction in GSH levels contrasted with the VC 

group. While donepezil treatment led to a consequential (p<.05) increase in GSH levels, both 

the low-dose and high-dose magnolol treatment groups showed a consequential (p<.001) 

increase in GSH levels contrasted with the DC group. Notably, the GSH levels in the low-dose 

magnolol-treated group were remarkably (p<.01) higher than those in the donepezil-treated 

group, and the high-dose magnolol treatment resulted in a consequential (p<.001) increase in 

GSH levels contrasted with the donepezil-treated group. In the hippocampus, treatment with 

magnolol itself led to a consequential (p<.01) increase in GSH levels contrasted with the VC 

group. The DC group, on the other hand, exhibited a consequential (p<.001) reduction in GSH 

levels contrasted with the VC group. Donepezil treatment remarkably (p<.05) increased GSH 

levels contrasted with the DC group. Both the low-dose and high-dose magnolol treatment 

groups showed a consequential (p<.001) increase in GSH levels contrasted with the DC group. 

When contrasted with the donepezil-treated group, the increase in GSH levels was 

consequential for both the low-dose magnolol-treated group (p<.05) and the high-dose 

magnolol-treated group (p<.001). 

5.2.2.3 CAT 

Impact of magnolol and other interventions on CAT has been illustrated in figure 5.22. 
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Fig. 5.22: Impact of magnolol and other interventions on CAT expressed as mean ± SEM. 

***, ** and * have been used to represent p < .001, p < .01 and p < .05 in comparison with the VC group, 

respectively. The comparisons with DC group have been represented as ^^^, ^^ and ^ which signify p < .001, p < 

.01 and p < .05, respectively. To represent comparisons with the donepezil treated group, ###, ## and # have been 

used to represent p < .001, p < .01 and p < .05, respectively. 

In the cortex, the CAT in the magnolol-treated group showed an inconsequential increase when 

contrasted with the VC group. Conversely, the DC group had a notably lower CAT (p<.001) 

contrasted with the VC group. While the CAT increased with donepezil treatment contrasted 

with the DC group, this increase did not reach statistical significance. In contrast, the low-dose 

magnolol treatment resulted in an inconsequential elevation in CAT, whereas the high-dose 

magnolol treatment led to a consequential (p<.001) increase in CAT contrasted with the DC 

group. Notably, the high-dose magnolol-treated group exhibited a consequential (p<.01) 

increase in CAT contrasted with the donepezil-treated group.  
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In the hippocampus, the CAT in the magnolol-treated group showed an inconsequential  

increase contrasted with the VC group. The DC group had a remarkably (p<.001) lower CAT 

contrasted with the VC group. Treatment with donepezil resulted in an inconsequential  

increase in CAT contrasted with the DC group. In contrast, the low-dose magnolol treatment 

led to a consequential (p<.05) increase in CAT, and the high-dose magnolol treatment resulted 

in a consequential (p<.001) increase in CAT contrasted with the DC group. When contrasted 

with the donepezil-treated group, the high-dose magnolol-treated group exhibited a remarkably 

(p<.001) higher CAT. 

 

5.2.2.4 AChE 

Impact of magnolol and other interventions on AChE has been illustrated in figure 5.23. 

 

Fig. 5.23: Impact of magnolol and other interventions on AChE expressed as mean ± 

SEM. ***, ** and * have been used to represent p < .001, p < .01 and p < .05 in comparison with the VC group, 

respectively. The comparisons with DC group have been represented as ^^^, ^^ and ^ which signify p < .001, p < 
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.01 and p < .05, respectively. To represent comparisons with the donepezil treated group, ###, ## and # have been 

used to represent p < .001, p < .01 and p < .05, respectively. 

In the cortex, the administration of magnolol alone did not result in a consequential change in 

AChE activity when contrasted with the VC group. However, the DC group exhibited a 

consequential increase in AChE activity (p<.001) contrasted with the VC group. Treatment 

with donepezil remarkably decreased AChE activity (p<.001) contrasted with the DC group. 

The low-dose magnolol treatment led to a consequential reduction in AChE activity (p<.001) 

contrasted with the DC group, although it was remarkably higher than the AChE activity 

observed in the donepezil-treated group. On the other hand, the high-dose magnolol treatment 

resulted in a consequential reduction in AChE activity (p<.001) contrasted with the DC group, 

and it exhibited AChE activity comparable to that of the donepezil-treated group. In the 

hippocampus, the administration of magnolol alone showed an inconsequential  reduction in 

AChE activity contrasted with the VC group. In contrast, the DC group had a consequential 

increase in AChE activity (p<.001) contrasted with the VC group. All treatments, including 

donepezil, low-dose magnolol, and high-dose magnolol, remarkably decreased AChE activity 

(p<.001) contrasted with the DC group. The low-dose magnolol treatment group had a 

remarkably higher AChE activity (p<.05) contrasted with the donepezil-treated group, whereas 

the high-dose magnolol treatment group exhibited AChE activity comparable to that of the 

donepezil-treated group. 

5.2.3 ELISA 

5.2.3.1 Beta secretase 

Impact of magnolol and other interventions on beta secretase has been illustrated in figure 5.24. 



Chapter 5: Results and discussion 
 

 
 

 95 

Fig. 5.24: Impact of magnolol and other interventions on beta secretase expressed as 

mean ± SEM. ***, ** and * have been used to represent p < .001, p < .01 and p < .05 in comparison with the 

VC group, respectively. The comparisons with DC group have been represented as ^^^, ^^ and ^ which signify p 

< .001, p < .01 and p < .05, respectively. To represent comparisons with the donepezil treated group, ###, ## and 

# have been used to represent p < .001, p < .01 and p < .05, respectively. 

In cortex, there was no consequential inhibition of beta secretase activity observed in magnolol 

per se treated group with respect to the VC group. DC group had a remarkably (p<.001) 

accentuated beta secretase activity than the VC group. While donepezil treatment did not have 

any consequential reduction in beta secretase activity, both magnolol treated groups were 

observed to remarkably (p<.001) inhibit the enzyme’s activity. Contrasted with the donepezil 

treated group, the beta secretase inhibition was remarkably (p<.05) lower in magnolol low dose 

treated group and remarkably (p<.001) lower in the magnolol high dose treated group. Similar 
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results were found in the hippocampus. However, magnolol low dose treatment caused a 

consequential (p<.01) reduction in the activity of beta secretase contrasted with the DC group. 

5.2.3.2 Caspase-3 

Impact of magnolol and other interventions on caspase-3 has been illustrated in figure 5.25. 

 

 

 

 

 

 

 

 

 

 

Fig. 5.25: Impact of magnolol and other interventions on caspase-3 expressed as mean ± 

SEM. ***, ** and * have been used to represent p < .001, p < .01 and p < .05 in comparison with the VC group, 

respectively. The comparisons with DC group have been represented as ^^^, ^^ and ^ which signify p < .001, p < 

.01 and p < .05, respectively. To represent comparisons with the donepezil treated group, ###, ## and # have been 

used to represent p < .001, p < .01 and p < .05, respectively. 

In cortex, magnolol per se treatment led to a statistically inconsequential reduction in caspase-

3 level contrasted with the VC group. The DC group exhibited a remarkably (p<.001) higher 

caspase-3 level than the VC group. Donepezil treatment led to a consequential (p<.05) 

reduction in the caspase-3 level with respect to the DC group. Magnolol low dose and high 

dose treatments were observed to have a consequential (p<.001) diminishing effect on caspase-
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3 level, respectively, contrasted with the DC group. Contrasted with the donepezil treated 

group, magnolol low dose treatment remarkably (p<.05) decreased the level of caspase-3 while 

the magnolol high dose treated group showed a consequential (p<.001) reduction in caspase-3 

level. In hippocampus, magnolol per se treatment decreased the level of caspase-3 contrasted 

with the VC group but it was not statistically consequential. Donepezil treatment led to a 

statistically inconsequential reduction in caspase-3 level. Both magnolol treated groups i.e. 

magnolol low dose treated and magnolol high dose treated groups exhibited a consequential 

(p<.001) reduction in level of caspase-3. Contrasted with the donepezil treated group, magnolol 

low dose treatment remarkably (p<.01) reduced the level of caspase-3 while magnolol high 

dose treated group exhibited a consequential (p<.001) reduction in the level of caspase-3.  

5.2.3.3 Ab1-42 

Impact of magnolol and other interventions on Ab1-42 has been illustrated in figure 5.26. 

Fig. 5.26: Impact of magnolol and other interventions on Ab1-42 expressed as mean ± SEM. 

***, ** and * have been used to represent p < .001, p < .01 and p < .05 in comparison with the VC group, 
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respectively. The comparisons with DC group have been represented as ^^^, ^^ and ^ which signify p < .001, p < 

.01 and p < .05, respectively. To represent comparisons with the donepezil treated group, ###, ## and # have been 

used to represent p < .001, p < .01 and p < .05, respectively. 

In cortex, magnolol per se treatment reduced the Ab1-42 level than the group that received only 

the vehicle but it was not statistically consequential. DC group exhibited a remarkable (p<.001) 

increase in the Ab1-42 level contrasted with the group which received only the vehicle. 

Treatment with donepezil remarkably (p<.01) reduced the level of Ab1-42 than the DC group. 

Both magnolol treated groups reduced the level of Ab1-42  remarkably (p<.001) in comparison 

to the DC group. The level of Ab1-42 observed in magnolol high dose treated group was 

remarkably (p<.001) lower than the donepezil treated group. In hippocampus, similar results 

were obtained. However, the magnolol low dose treated group showed a remarkable (p<.05) 

diminution in the level of Ab1-42 than the donepezil treated group. 

5.2.3.3 BDNF 

Impact of magnolol and other interventions on BDNF has been illustrated in figure 5.27. 
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Fig. 5.27: Impact of magnolol and other interventions on BDNF expressed as mean ± 

SEM. ***, ** and * have been used to represent p < .001, p < .01 and p < .05 in comparison with the VC group, 

respectively. The comparisons with DC group have been represented as ^^^, ^^ and ^ which signify p < .001, p < 

.01 and p < .05, respectively. To represent comparisons with the donepezil treated group, ###, ## and # have been 

used to represent p < .001, p < .01 and p < .05, respectively. 

In the cortex, the administration of magnolol alone did not lead to a consequential change in 

the level of BDNF contrasted with the group which received only the vehicle. However, the 

DC group exhibited a consequential reduction in BDNF levels (p<.001) contrasted with the 

group that received only the vehicle. Treatment with donepezil resulted in a consequential 

increase in BDNF levels (p<.001) contrasted with the DC group. The low-dose magnolol 

treatment was observed to remarkably elevate BDNF levels (p<.05) contrasted with the DC 

group. However, the BDNF levels in the low-dose magnolol-treated group were remarkably 

lower (p<.05) than those in the donepezil-treated group. On the other hand, the high-dose 
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magnolol-treated group exhibited BDNF levels that were remarkably higher (p<.001) than 

those in the DC group and comparable to those in the donepezil-treated group. In the 

hippocampus, the administration of magnolol alone resulted in a statistically inconsequential 

increase in BDNF levels contrasted with the VC group. In contrast, the DC group exhibited a 

consequential reduction in BDNF levels (p<.001) contrasted with the VC group. Treatment 

with donepezil led to a consequential increase in BDNF levels (p<.001) contrasted with the DC 

group, as did the low-dose and high-dose magnolol treatments. 

5.2.4 Histopathological assessment  

No signs of damage were seen in the histopathological analysis of cerebral cortex and 

hippocampus of VC and magnolol per se groups, respectively. The DC group showed shrunken 

nuclei and protoplasm in both regions i.e. cerebral cortex and hippocampus. The donepezil and 

magnolol treated groups, respectively, showed improvement in the features observed in the DC 

group. However, maximum protection was observed in magnolol high dose treated group 

(figure 5.28 a-b). 
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Fig. 5.28 (a-b): Histopathological analysis (40x) of TS of brain cortex and hippocampus 

using haematoxylin and eosin staining. The arrows mark the neuronal cells which have 

undergone degeneration as is evident from shrunken protoplasm and nuclei. 
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5.3 L.rhamnosus and various combinations of vanillin, magnolol and L.rhamnosus 

5.3.1 Behavioural evaluation  

5.3.1.1 Locomotor activity 

Figure 5.29 represents the effects of various treatments on locomotor activity. 

Fig. 5.29: Impact of various treatment interventions on locomotor activity expressed as 

mean ± SEM 

The differences in locomotor activity of various groups within the trials conducted on 0th day 

and 90th day, respectively, were statistically inconsequential. Also, there was no statistically 

consequential difference in the locomotor activity of various groups on 91st day contrasted with 

their counterparts on 0th day.  
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5.3.1.2 Transfer latency 

Figure 5.30 represents the effects of various treatments on TL. 

Fig. 5.30: Impact of various treatment interventions on TL expressed as mean ± SEM. 

***, ** and * have been used to represent p < .001, p < .01 and p < .05 in comparison with the VC group, 

respectively. The comparisons with DC group have been represented as ^^^, ^^ and ^ which signify p < .001, p < 

.01 and p < .05, respectively. To represent comparisons with the donepezil treated group, ###, ## and # have been 

used to represent p < .001, p < .01 and p < .05, respectively. 

There was no statistically consequential difference in the TL of various groups during the 

acquisition trial. In the retention test, probiotic per se group showed a statistically 

inconsequential reduction in TL than the group that received only the vehicle. The DC group 

exhibited a notably (p<.001) higher TL contrasted with the group which received only the 

vehicle. All treatment interventions remarkably (p<.001) reduced the TL than the DC group. 

The combined treatment of vanillin and magnolol showed a notable (p<.05) reduction in TL 
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contrasted with the donepezil treated group. On the other hand, the reduction in TL than the 

donepezil treated group was consequential (p<.001) for the group that received the combination 

of vanillin, magnolol and probiotic.  

5.3.1.3 Investigation time (in NOR) 

Figure 5.31 represents the effects of various treatments on investigation time under the NOR 

paradigm. 

Fig. 5.31: Impact of various treatment interventions on investigation time expressed as 

mean ± SEM. ***, ** and * have been used to represent p < .001, p < .01 and p < .05 in comparison with the 

VC group, respectively. The comparisons with DC group have been represented as ^^^, ^^ and ^ which signify p 

< .001, p < .01 and p < .05, respectively. To represent comparisons with the donepezil treated group, ###, ## and 

# have been used to represent p < .001, p < .01 and p < .05, respectively. 

Probiotic per se group showed a statistically inconsequential increase in investigation time than 

the group that received only the vehicle. The DC group exhibited a remarkably (p<.001) lesser 
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investigation time in comparison to the VC group. All treatment interventions, respectively, 

led to a remarkably (p<.001) higher investigation time than the DC group. The groups that 

received various combinations i.e. vanillin + magnolol, vanillin + probiotic, magnolol + 

probiotic, and vanillin + magnolol + probiotic exhibited a remarkably (p<.001) higher 

investigation time, respectively, than the donepezil treated group
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5.3.1.4 Escape latency 

The effect of various treatm
ents on EL during acquisition trials is show

n in table 5.1. The effect of various treatm
ents on the tim

e spent in the 

target quadrant is show
n in figure 5.32. 

Table 5.1: Im
pact of various treatm

ent interventions on EL (acquisition trials) represented as m
ean ± SEM

. 

G
roup 

D
ay 1 

D
ay 2 

D
ay 3 

D
ay 4 

D
ay 5 

M
ean 

SEM
 

M
ean 

SEM
 

M
ean 

SEM
 

M
ean 

SEM
 

M
ean 

SEM
 

V
ehicle control 

21.83 
2.21 

22.58 
1.22 

20.08 
1.04 

9.58aa,bb 
0.75 

9.17aa,bbb 
0.75 

Probiotic per se 
24.17 

2.06 
16.17 

1.12 
11.58aa 

1.15 
9.00aaa 

0.90 
7.08aaa 

0.36 
D

isease control 
28.67 

1.67 
40.83***,aa 

3.61 
38.42***,aa 

3.40 
39.83***,aa 

2.94 
40.08***,aa 

2.91 
D

onepezil 
treated 

21.08 
1.73 

29.33^ 
1.15 

27.58^ 
1.09 

21.17^^^ 
1.59 

18.42^^^ 
1.97 

V
anillin low

 
dose treated 

22.58 
1.56 

32.42 
2.14 

28.25 
2.12 

24.33^^^ 
2.25 

23.25^^^ 
1.51 

M
agnolol low

 
dose treated 

27.83 
2.95 

34.17 
1.76 

29.25 
1.54 

24.83^^^ 
1.11 

22.50^^^,b 
1.50 

Probiotic 
treated 

23.67 
2.28 

36.00aa 
1.82 

30.83 
1.59 

27.58^^ 
2.09 

24.42^^,b 
1.83 

V
anillin low

 
dose + M

agnolol 
low

 dose treated 

25.17 
2.41 

19.67^^^ 
1.71 

16.92^^^ 
1.06 

16.75^^^ 
0.70 

12.33^^^,aa 
1.43 
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V
anillin low

 
dose + Probiotic 
treated 

29.08 
2.67 

23.17^^^ 
1.88 

21.08^^^ 
1.90 

18.25^^^ 
1.30 

15.75^^^,aa 
1.04 

M
agnolol low

 
dose + Probiotic 
treated 

26.50 
2.31 

23.25^^^ 
1.06 

20.58^^^ 
1.29 

17.92^^^ 
1.51 

14.83^^^,a 
1.17 

V
anillin low

 
dose + M

agnolol 
low

 dose + 
Probiotic 
treated 

26.33 
2.13 

17.25^^^,## 
1.45 

15.25^^^,##,a 
1.07 

10.42^^^,#,aaa 
1.36 

8.50^^^,aaa 
0.48 

***, ** and * have been used to represent p < .001, p < .01 and p < .05 in com
parison w

ith the V
C group, respectively. The com

parisons w
ith D

C group have been represented 

as ^^^, ^^ and ^ w
hich signify p < .001, p < .01 and p < .05, respectively. To represent com

parisons w
ith the donepezil treated group, ###, ## and # have been used to represent 

p < .001, p < .01 and p < .05, respectively. a represents p<.05 w
ith respect to sam

e group on day 1, aa represents p<.01 w
ith respect to sam

e group on day 1, aaa represents 

p<.001 w
ith respect to sam

e group on day 1. b represents p<.05 w
ith respect to the sam

e group on day 2, bb represents p<.01 w
ith respect to the sam

e group on day 2. 
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During acquisition trials, there was no consequential difference in the EL between all group on 

1st day of the trial. On the 2nd day, the EL of DC group was notably (p<.001) higher than the 

group that received only the vehicle on the same day and its own counterpart on day 1 (p<.01). 

When contrasted with the DC group, the reduction in EL on the 2nd day was consequential for 

the donepezil treated group (p<.05), and the groups receiving combined treatment i.e. groups 

that received various combinations i.e. vanillin + magnolol, vanillin + probiotic, magnolol + 

probiotic, and vanillin + magnolol + probiotic (p<.001). The group that received the 

combination of vanillin + magnolol + probiotic showed a remarkably (p<.01) lower EL than 

the donepezil treated group. On the 3rd day, the probiotic per se group showed a remarkable 

(p<.01) reduction in EL contrasted with its counterpart on day 2. the EL for DC group was 

notably (p<.001) more than that of the VC group and its own counterpart on day 1 (p<.01). In 

comparison to the DC group, the donepezil treated group exhibited a remarkable (p<.05) 

reduction in EL on the 2nd day. Furthermore, the groups that received combined treatments 

demonstrated a highly remarkable reduction in EL (p<.001). Among these combinations, the 

group that received the combination of vanillin + magnolol + probiotic exhibited a remarkably 

(p<.01) lower EL than the donepezil treated group and its own counterpart on day 1 (p<.05). 

On the 4th day, the reduction in EL for VC group was consequential (p<.01) contrasted with its 

own counterparts on days 1 and 2, respectively. The probiotic per se group showed a notable 

(p<.001) reduction in EL contrasted with its counterpart on day 2. The increase in EL for DC 

group was consequential (p<.001) than the VC group and its own counterpart on day 1 (p<.01). 

All the treatments led to a notable (p<.001) reduction in EL than to the DC group except for 

the probiotic treated group which showed a reduction in EL at a significance level of p<.01. 

The group that received vanillin + magnolol + probiotic demonstrated a remarkably (p<.05) 

lesser EL than the donepezil treated group and its own counterpart on day 1 (p<.001). On the 
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last day of the acquisition trials, the reduction in EL for VC group was consequential (p<.01) 

contrasted with its own counterpart on days 1 and consequential (p<.001) contrasted with its 

counterpart on day 2. The probiotic per se group showed a notable (p<.001) diminution in EL 

contrasted with its counterpart on day 2. All of the treatments resulted in a noteworthy 

reduction in EL contrasted with the DC group, with a consequential (p<.001) reduction 

observed except for the probiotic treated group, which exhibited a reduction in EL at a slightly 

lower significance level (p<.01). The magnolol low dose treated and the probiotic treated 

groups, respectively, demonstrated a remarkable (p<.05) fall in the EL contrasted with their 

own counterparts on day 2. The groups treated with a combination of vanillin + magnolol and 

vanillin + probiotic showed a notably (p<.01) lesser EL than their own counterparts on day 1. 

The reduction in EL for the group that received magnolol + probiotic was consequential (p<.05) 

contrasted with its counterpart on day 1. The reduction in EL was consequential (p<.001) for 

the group that received the combination of vanillin + magnolol + probiotic contrasted with its 

counterpart on day 1. 
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Fig. 5.32: Impact of various treatment interventions on time spent in the target quadrant 

expressed as mean ± SEM. ***, ** and * have been used to represent p < .001, p < .01 and p < .05 in 

comparison with the VC group, respectively. The comparisons with DC group have been represented as ^^^, ^^ 

and ^ which signify p < .001, p < .01 and p < .05, respectively. To represent comparisons with the donepezil 

treated group, ###, ## and # have been used to represent p < .001, p < .01 and p < .05, respectively. 

The group that received the probiotic alone exhibited an inconsequential increase in the time 

spent in the target quadrant contrasted with the VC group. However, the animals in the DC 

group spent remarkably less time in the target quadrant (p<.001) than those in the VC group. 

Treatment with donepezil resulted in a consequential increase in the time spent by the animals 

in the target quadrant (p<.001) contrasted with the DC group. The group treated with vanillin 

showed a consequential increase in the time spent in the target quadrant contrasted with the 

DC group (p<.01). Similarly, both the magnolol-treated and probiotic-treated groups showed 

a consequential increase in this parameter (p<.05) contrasted with the DC group. The groups 

that received combinations of treatments displayed a highly consequential increase in the time 

spent in the target quadrant (p<.001) contrasted with the DC group. Among these, the group 
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that received vanillin + magnolol + probiotic showed a remarkably higher time spent in the 

target quadrant (p<.05) contrasted with the group treated with donepezil. 

5.3.2 Biochemical evaluation  

5.3.2.1 TBARS 

Figure 5.33 illustrates the effects of various treatments on TBARS. 

 

 

 

 

 

 

 

Fig.5.33: Impact of various treatment interventions on the levels of TBARS expressed as 

mean ± SEM. ***, ** and * have been used to represent p < .001, p < .01 and p < .05 in comparison with the 

VC group, respectively. The comparisons with DC group have been represented as ^^^, ^^ and ^ which signify p 

< .001, p < .01 and p < .05, respectively. To represent comparisons with the donepezil treated group, ###, ## and 

# have been used to represent p < .001, p < .01 and p < .05, respectively. 

The group that received the probiotic alone showed a consequential reduction in TBARS levels 

contrasted with the VC group (p<.05 in cortex and p<.01 in hippocampus). In both the cortex 
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and hippocampus, the DC group had remarkably higher TBARS levels contrasted with the VC 

group (p<.001). All treatment interventions resulted in a consequential reduction in TBARS 

levels contrasted with the DC group in both the cortex and hippocampus (p<.001). In the cortex, 

the reduction in TBARS levels was consequential for the groups that received vanillin (p<.05), 

magnolol (p<.01), probiotic (p<.05), and all the combination treatments (p<.001) contrasted 

with the donepezil-treated group. Similarly, in the hippocampus, the reduction in TBARS 

levels was consequential (p<.001) for the groups that received vanillin, magnolol, probiotic, 

and all the combination treatments contrasted with the donepezil-treated group. 

5.3.2.2 GSH 

Figure 5.34 shows the effects of various treatments on GSH. 

 

 

 

 

 

 

 

 

Fig. 5.34: Impact of various treatment interventions on the levels of GSH expressed as 

mean ± SEM. ***, ** and * have been used to represent p < .001, p < .01 and p < .05 in comparison with the 

VC group, respectively. The comparisons with DC group have been represented as ^^^, ^^ and ^ which signify p 
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< .001, p < .01 and p < .05, respectively. To represent comparisons with the donepezil treated group, ###, ## and 

# have been used to represent p < .001, p < .01 and p < .05, respectively. 

The group that received the probiotic alone showed an inconsequential increase in GSH levels 

contrasted with the group which received only the vehicle, both in the cortex and hippocampus. 

Conversely, in both the cortex and hippocampus, the DC group exhibited a consequential 

reduction in GSH levels (p<.001) contrasted with the VC group. Treatment with donepezil 

resulted in a consequential increase in GSH levels (p<.05) contrasted with the DC group, in 

both the cortex and hippocampus. There was a consequential increase in GSH levels (p<.001) 

for all treatment groups contrasted with the DC group, in both the cortex and hippocampus. 

Specifically, in the cortex, the increase in GSH levels was consequential for the groups that 

received vanillin (p<.001), magnolol (p<.01), probiotic (p<.05), and all combination treatments 

(p<.001) contrasted with the donepezil-treated group. In the hippocampal region, the increase 

in GSH levels was consequential for the groups that received vanillin (p<.01), magnolol 

(p<.05), and all combination treatments (p<.001) contrasted with the donepezil-treated group. 
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5.3.2.3 CAT 

Figure 5.35 illustrates the effect of various treatments on the CAT. 

Fig. 5.35: Impact of various treatment interventions on CAT expressed as mean ± SEM. 

***, ** and * have been used to represent p < .001, p < .01 and p < .05 in comparison with the VC group, 

respectively. The comparisons with DC group have been represented as ^^^, ^^ and ^ which signify p < .001, p < 

.01 and p < .05, respectively. To represent comparisons with the donepezil treated group, ###, ## and # have been 

used to represent p < .001, p < .01 and p < .05, respectively. 

The group that received the probiotic alone showed no statistically consequential difference in 

CAT contrasted with the group that received only the vehicle, both in the cortex and 

hippocampus. In the cortex, the DC group exhibited a marked reduction in CAT (p<.001) 

contrasted with the group that received only the vehicle. In contrast, the vanillin-treated group 

showed a noteworthy increase in CAT (p<.05) contrasted with the DC group, while treatment 

with donepezil, magnolol, and probiotic led to an inconsequential increase in CAT. However, 
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the groups that received combinations of treatments, including vanillin + magnolol, vanillin + 

probiotic, and magnolol + probiotic, displayed a remarkably higher CAT (p<.01) than the DC 

group and a remarkably higher CAT (p<.05) than the donepezil-treated group. Notably, the 

group that received the combined treatment of vanillin + magnolol + probiotic exhibited a 

markedly higher CAT (p<.001) than both the DC group and the donepezil-treated group. In the 

hippocampus, the DC group exhibited a substantial reduction in CAT (p<.001) contrasted with 

the group that received only the vehicle. A consequential increase in CAT was observed in the 

vanillin-treated group (p<.01) and the magnolol-treated group (p<.05). Treatment with 

donepezil and probiotic resulted in an inconsequential increase in CAT contrasted with the DC 

group. However, the combination treatment groups showed a consequential increase in CAT 

contrasted with the DC group, with a significance level of p<.001 for the groups receiving 

vanillin + magnolol, vanillin + probiotic, and vanillin + magnolol + probiotic, and a 

significance level of p<.01 for the magnolol + probiotic treated group. When contrasted with 

the donepezil-treated group, the increase in CAT was consequential for all combination-treated 

groups, with a significance level of p<.001 for the vanillin + magnolol and vanillin + magnolol 

+ probiotic treated groups, a significance level of p<.01 for the vanillin + probiotic treated 

group, and a significance level of p<.05 for the magnolol + probiotic treated group. 
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5.3.2.4 AChE 

Figure 5.36 shows the effect of various treatments on AChE activity.  

Fig. 5.36: Impact of various treatment interventions on AChE activity expressed as mean 

± SEM. ***, ** and * have been used to represent p < .001, p < .01 and p < .05 in comparison with the VC 

group, respectively. The comparisons with DC group have been represented as ^^^, ^^ and ^ which signify p < 

.001, p < .01 and p < .05, respectively. To represent comparisons with the donepezil treated group, ###, ## and # 

have been used to represent p < .001, p < .01 and p < .05, respectively. 

The group that received the probiotic alone showed an inconsequential reduction in AChE 

activity contrasted with the group that received only the vehicle, both in the cortex and 

hippocampus. In the cortex, the DC group exhibited remarkably higher AChE activity (p<.001) 

contrasted with the group that received only the vehicle. The lowest AChE activity among the 

treatment groups was observed in the donepezil-treated group, which was remarkably lower 

than the DC group (p<.001), in both hippocampus and cortex. The groups that received vanillin 
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and magnolol, respectively, displayed remarkably lower AChE activity (p<.001) than the DC 

group, but the activity was remarkably higher than the donepezil-treated group (p<.001). The 

probiotic-treated group showed a consequential reduction in AChE activity contrasted with the 

DC group (p<.01), but the activity was remarkably higher than the donepezil-treated group 

(p<.001). The group that received the combination of vanillin + magnolol exhibited remarkably 

lower AChE activity than the DC group (p<.001), but the activity was remarkably higher than 

the donepezil-treated group (p<.05). Similar results were observed for the group that received 

magnolol + probiotic. The group that received vanillin + probiotic demonstrated a 

consequential reduction in AChE activity contrasted with the DC group (p<.001), but it was 

remarkably higher than the donepezil-treated group (p<.01). The group that received the 

combination of vanillin + magnolol + probiotic showed a consequential reduction in AChE 

activity contrasted with the DC group (p<.001). In the hippocampus, the AChE activity of DC 

group was remarkably higher than the group that received only the vehicle (p<.001). The 

groups that received vanillin and magnolol, respectively, displayed remarkably lower AChE 

activity (p<.001) than the DC group, but the activity was remarkably higher than the donepezil-

treated group (p<.05). The probiotic-treated group showed a consequential reduction in AChE 

activity contrasted with the DC group (p<.05), but the activity was remarkably higher than the 

donepezil-treated group (p<.001). All the combination-treated groups exhibited remarkably 

lower AChE activity contrasted with the DC group (p<.001). 

5.3.3 ELISA 

5.3.3.1 Beta secretase 

Figure 5.37 illustrates the effect of various treatment approaches on beta secretase. 
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Fig. 5.37: Impact of various treatment interventions on beta secretase expressed as mean 

± SEM. ***, ** and * have been used to represent p < .001, p < .01 and p < .05 in comparison with the VC 

group, respectively. The comparisons with DC group have been represented as ^^^, ^^ and ^ which signify p < 

.001, p < .01 and p < .05, respectively. To represent comparisons with the donepezil treated group, ###, ## and # 

have been used to represent p < .001, p < .01 and p < .05, respectively. 

The group that received the probiotic alone showed an inconsequential reduction in beta 

secretase levels contrasted with the group that received only the vehicle, both in the cortex and 

hippocampus. In the cortex, the DC group exhibited remarkably higher levels of beta secretase 

(p<.001) contrasted with the group that received only the vehicle. The donepezil-treated group 

showed an inconsequential reduction in beta secretase levels contrasted with the DC group. 

Treatment with vanillin led to a consequential reduction in beta secretase levels (p<.001) 

contrasted with the DC group and a consequential reduction (p<.01) contrasted with the 

donepezil-treated group. The group that received magnolol exhibited a consequential reduction 
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in beta secretase levels contrasted with the DC group (p<.001) and the donepezil-treated group 

(p<.05). The probiotic-treated group showed remarkably lower levels of beta secretase than the 

DC group (p<.05). The combination-treated groups, including those receiving vanillin + 

magnolol, vanillin + probiotic, and vanillin + magnolol + probiotic, showed remarkably lower 

beta secretase levels (p<.001) contrasted with the DC group and the donepezil-treated group. 

The group that received magnolol + probiotic also exhibited remarkably lower beta secretase 

levels (p<.001) contrasted with the DC group and remarkably lower levels (p<.01) contrasted 

with the donepezil-treated group. In the hippocampus, the elevation of beta secretase levels 

was consequential contrasted with the group that received only the vehicle (p<.001). The 

donepezil-treated group and the probiotic-treated group exhibited inconsequential decreases in 

beta secretase levels contrasted with the DC group. The group that received vanillin showed a 

consequential reduction in beta secretase levels contrasted with the DC group (p<.001) and the 

donepezil-treated group (p<.01). The magnolol-treated group also exhibited a consequential 

reduction in beta secretase levels contrasted with the DC group (p<.01) and the donepezil-

treated group (p<.05). The observations for the groups that received combination treatments 

were similar to those observed in the cortex. 
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5.3.3.2 Caspase-3 

Figure 5.38 shows the effect of various treatments on the level of caspase-3. 

Fig. 5.38: Impact of various treatment interventions on caspase-3 expressed as mean ± 

SEM. ***, ** and * have been used to represent p < .001, p < .01 and p < .05 in comparison with the VC group, 

respectively. The comparisons with DC group have been represented as ^^^, ^^ and ^ which signify p < .001, p < 

.01 and p < .05, respectively. To represent comparisons with the donepezil treated group, ###, ## and # have been 

used to represent p < .001, p < .01 and p < .05, respectively. 

The group that received the probiotic alone showed an inconsequential reduction in caspase-3 

levels contrasted with the group that received only the vehicle, both in the cortex and 

hippocampus. In the cortex, the DC group exhibited remarkably higher caspase-3 levels 

(p<.001) contrasted with the group that received only the vehicle. The groups that received 

donepezil and probiotic, respectively, showed a consequential reduction in the level of caspase-
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3 (p<.05) contrasted with the DC group. Treatment with vanillin resulted in a consequential 

reduction in the level of caspase-3 contrasted with the DC group (p<.01). The group that 

received magnolol showed a consequential reduction in the level of caspase-3 contrasted with 

the DC group (p<.001) and the donepezil-treated group (p<.05). The group that received the 

combination of vanillin and magnolol showed a consequential reduction in the level of caspase-

3 contrasted with the DC group and the donepezil-treated group (p<.001). The group that 

received the combination of vanillin and probiotic showed a consequential reduction in the 

level of caspase-3 contrasted with the DC group (p<.001) and the donepezil-treated group 

(p<.05). The group that received the combination of magnolol and probiotic showed a 

consequential reduction in the level of caspase-3 contrasted with the DC group (p<.001) and 

the donepezil-treated group (p<.01). The group that received the combination of vanillin, 

magnolol, and probiotic showed a consequential reduction in the level of caspase-3 contrasted 

with the DC group and the donepezil-treated group (p<.001). In the hippocampus, the DC 

group exhibited remarkably higher caspase-3 levels (p<.001) contrasted with the group that 

received only the vehicle. Treatment with donepezil resulted in an inconsequential reduction 

in the level of caspase-3 contrasted with the DC group. Treatment with vanillin led to a 

consequential reduction in the level of caspase-3 contrasted with the DC group (p<.001) and 

the donepezil-treated group (p<.05). The group that received magnolol demonstrated a 

consequential reduction in the level of caspase-3 contrasted with the DC group (p<.001) and 

the donepezil-treated group (p<.01). Treatment with probiotic led to a consequential reduction 

in the level of caspase-3 (p<.01) contrasted with the DC group. The groups that received the 

combination treatments of vanillin + magnolol, magnolol + probiotic, and vanillin + magnolol 

+ probiotic showed remarkably lower levels of caspase-3 contrasted with the DC group and 

the donepezil-treated group (p<.001). The group that received the combination of vanillin and 
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probiotic led to a consequential reduction in the level of caspase-3 contrasted with the DC 

group (p<.001) and the donepezil-treated group (p<.01).  

5.3.3.3 Ab1-42 

Figure 5.39 illustrates the effect of various treatment interventions on Ab1-42. 

Fig. 5.39: Impact of various treatment interventions on Ab1-42 expressed as mean ± SEM. 

***, ** and * have been used to represent p < .001, p < .01 and p < .05 in comparison with the VC group, 

respectively. The comparisons with DC group have been represented as ^^^, ^^ and ^ which signify p < .001, p < 

.01 and p < .05, respectively. To represent comparisons with the donepezil treated group, ###, ## and # have been 

used to represent p < .001, p < .01 and p < .05, respectively. 

Probiotic per se group demonstrated a statistically inconsequential diminution in the Ab1-42 

levels than the VC group, in both, cortex and hippocampus. In cortex, the DC group 

demonstrated a remarkably (p<.001) higher level of Ab1-42 when contrasted with the group that 
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received only the vehicle. Treatment with donepezil and vanillin, respectively, led to a notable 

(p<.01) reduction in the Ab1-42 level contrasted with the DC group whereas the magnolol 

treated group demonstrated a remarkably (p<.001) lower level of Ab1-42 than the DC group. A 

consequential (p<.05) reduction in the level of Ab1-42 than the DC group was also observed in 

the probiotic treated group. The groups receiving the combinations of vanillin + magnolol, 

magnolol + probiotic and vanillin + magnolol + probiotic demonstrated a remarkable (p<.001) 

reduction in the level of Ab1-42 contrasted with the DC group and donepezil treated group, 

respectively. The group receiving the combined treatment of vanillin and probiotic showed a 

remarkably lower level of Ab1-42 contrasted with DC group (p<.001) and donepezil treated 

group (p<.05). In hippocampus, the level of Ab1-42 was notably (p<.001) higher than the group 

which received only the vehicle. Treatment with donepezil led to a consequential (p<.01) 

reduction in the level of Ab1-42 contrasted with the DC group. The groups that received vanillin 

and magnolol, respectively, showed a notably (p<.001) lower level of Ab1-42 contrasted with 

the DC group. Magnolol treated group showed a remarkable (p<.05) reduction in the level of 

Ab1-42 contrasted with the donepezil treated group. Treatment with probiotic led to a 

consequential (p<.05) reduction in the level of Ab1-42 contrasted with the DC group. The group 

that received a combination of vanillin and magnolol showed a noteworthy (p<.001) reduction 

in the level of Ab1-42 than the DC group and a consequential (p<.01) reduction in the level of 

Ab1-42 than the donepezil treated group. Similar result was observed for the group that received 

the combination of magnolol and probiotic. In the group that received a combination of vanillin 

and probiotic there was a consequential reduction in the level of Ab1-42 contrasted with the DC 

group (p<.001) and donepezil treated group (p<.05). The group receiving the combination of 
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vanillin + magnolol + probiotic demonstrated a noteworthy (p<.001) reduction in the level of 

Ab1-42 than the DC group and donepezil treated group, respectively. 

5.3.3.4 BDNF 

Figure 5.40 shows the effect of various treatments on the levels of BDNF. 

Fig. 5.40: Impact of various treatment interventions on BDNF expressed as mean ± SEM. 

***, ** and * have been used to represent p < .001, p < .01 and p < .05 in comparison with the VC group, 

respectively. The comparisons with DC group have been represented as ^^^, ^^ and ^ which signify p < .001, p < 

.01 and p < .05, respectively. To represent comparisons with the donepezil treated group, ###, ## and # have been 

used to represent p < .001, p < .01 and p < .05, respectively. 

The group that received only the probiotic showed no statistically consequential difference in 

BDNF levels contrasted with the group that received only the vehicle, in both the cortex and 

hippocampus. In the cortex, the DC group exhibited remarkably lower BDNF levels (p<.001) 

contrasted with the group that received only the vehicle. Treatment with donepezil as well as 
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all the combination treatment groups resulted in a consequential increase in the level of BDNF 

contrasted with the DC group (p<.001). Vanillin treatment led to a notable increase in the level 

of BDNF contrasted with the DC group (p<.01), but the level was remarkably lower than that 

of the donepezil-treated group (p<.05). The group that received magnolol showed a 

consequential elevation in the level of BDNF contrasted with the DC group (p<.05), but the 

level was remarkably lower than that of the donepezil-treated group (p<.05). Probiotic 

treatment led to a consequential rise in the level of BDNF contrasted with the DC group 

(p<.05), but the level was remarkably lower than the donepezil-treated group (p<.01). In the 

hippocampus, the DC group exhibited remarkably lower levels of BDNF contrasted with the 

group that received only the vehicle (p<.001). Treatment with donepezil, magnolol, as well as 

various combinations (vanillin + magnolol, vanillin + probiotic, magnolol + probiotic, vanillin 

+ magnolol + probiotic), led to a consequential increase in the level of BDNF contrasted with 

the DC group (p<.001). The group that received the combination of vanillin + magnolol + 

probiotic showed a remarkably higher level of BDNF contrasted with the donepezil-treated 

group (p<.05). Treatment with vanillin led to a consequential increase in the level of BDNF 

contrasted with the DC group (p<.05), but it was remarkably lower than the donepezil-treated 

group (p<.05). The group that received the probiotic showed a remarkably higher level of 

BDNF contrasted with the DC group (p<.01). 

5.3.4 Histopathological assessment  

No signs of damage were seen in the histopathological analysis of cerebral cortex and 

hippocampus of VC and magnolol per se groups, respectively. The DC group showed shrunken 

nuclei and protoplasm in both regions i.e. cerebral cortex and hippocampus. The donepezil, 

vanillin, magnolol, probiotic and combination treated groups, respectively, showed 

improvement in the features observed in the DC group. However, maximum protection was 
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observed in the group that received the combination of vanillin, magnolol and L.rhamnosus 

(figure 5.41 a-d). 
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Fig. 5.41(a-d): Histopathological analysis (40x) of TS of brain cortex and hippocampus 

using haematoxylin and eosin staining. The arrows mark the neuronal cells which have 

undergone degeneration as is evident from shrunken protoplasm and nuclei. 
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5.4 Discussion 

AD develops and progresses following multiple pathways. The major underlying pathological 

hallmarks are overexpression of AChE (leads to diminution in the level of acetylcholine), 

deposition of Ab plaques (leads to mitochondrial dysfunction in neurons), increased level of 

caspase -3 (induces neuronal apoptosis) (Alzheimer’s Association, 2017; Anand et al., 2017; 

Heneka et al., 2015). Oxidative stress significantly contributes to the initiation and 

advancement of AD (Betteridge, 2000; Huang et al., 2016). The current pharmacological 

interventions are unable to target the underlying pathological mechanisms and therefore 

provide nothing more than symptomatic relief (Molinuevo et al., 2005; Ogura et al., 2000). 

Antioxidant compounds have been gaining appreciable attention for their possible role in 

controlling the pathology of AD. One such antioxidant compound, which has been safely 

consumed by humans over the years is vanillin. It has been a part of some of our favourite 

baked goods, desserts, beverages and cosmetics. Not only does it provide a calming aroma, it 

also manipulates cellular mechanisms to elicit its ameliorative effect in several diseases (Anand 

et al., 2019; Dhanalakshmi et al., 2015; Gallage and Møller, 2015; Xu et al., 2015).  

In a previous study, it was found that vanillin has an ameliorative effect in scopolamine 

induced dementia like cognitive impairment. Also, it was reported to have an in vitro 

acetylcholinesterase inhibitory activity which was also observed in vivo. It also has an 

appreciable antioxidant activity which is desirable to halt and/or delay the advancement of 

neurodegeneration (Anand et al., 2022). Vanillin was also reported to cause suppression of 

NOX-4 while simultaneously activating the Nrf2/HO-1 signalling pathway. Consequently, this 

dual action hindered both inflammation and apoptosis in cisplatin induced nephrotoxicity 

(Younis et al., 2020). This study has taken the assessment of potential usage of vanillin in anti-

AD therapeutics a step further. Not only did vanillin remarkably reverse the behavioural 
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deficits (TL in elevated pus maze paradigm, EL in MWM paradigm, NOR test) in aluminium 

chloride and D-galactose inflicted AD but it was also seen to control certain key pathological 

hallmarks of the disease. It was found to remarkably reduce the level of beta secretase enzyme, 

caspase-3 enzyme and acetylcholinesterase enzyme. It is already reported that vanillin helps in 

disintegration of Ab plaques in vitro (Song et al., 2016). In vivo Ab disintegratory activity was 

observed in this study, confirming the previously reported in vitro effect. Vanillin treatment 

also remarkably increased the level of BDNF in diseased animals. In behavioural tests, it was 

also observed that vanillin is a good nootropic agent. The vanillin per se treatment exhibited 

consequential improvements in memory and cognitive capabilities in comparison with the VC 

counterparts.  

This study has reported that vanillin ameliorates memory loss and cognitive deficits by 

targeting multiple pathological pathways of AD. Being a phenolic compound, its obvious 

antioxidant activity greatly aids in eliciting relief in AD. The free radical scavenging activity 

protects the neurons from undergoing degradation thereby maintain their integrity. 

Additionally, it has an inhibitory action on the acetylcholinesterase enzyme which elevates the 

cortical and hippocampal ACh levels. The protection that vanillin provides to neurons 

(including cholinergic neurons) owing to its antioxidant activity receives a value addition by 

improved levels of ACh. This results in betterment of memory and cognitive abilities. Also, 

vanillin has been shown to inhibit the enzyme beta secretase which plays a key role in cleaving 

the APP to neurotoxic Ab1-42 oligomers. The Ab1-42 oligomers in turn form aggregates that 

result in neuronal cell death. Vanillin, additionally, disintegrates the formed Ab1-42 plaques, 

which has already been proven in vitro previously (Song et al., 2016). These effects on the 

amyloid pathway provide a disease modifying relief in AD inflicted brain. Furthermore, BDNF 

levels were also found to be remarkably higher in vanillin treated groups. It indicates that 
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vanillin helps in restoring the BDNF mediated synaptic plasticity and promoting the survival 

of neuronal cells. Treatment with vanillin was also ensued a neuroprotective effect on cortical 

and hippocampal neurons as per the histopathological analysis. 

Magnolol (as a part of Magnolia bark extract) has been used by humans since ages 

under Chinese and Japanese traditional medicine systems. Magnolol has been reported to have 

a neuroprotective effect in vitro by the virtue of its antioxidant and caspase-3 inhibitory 

activities (Hoi et al., 2010; Kuribara et al., 2000). In the present study, magnolol treatment has 

been shown to have a remarkable in vivo antioxidant activity. The expression of caspase-3 in 

cortical and hippocampal regions of mouse brain was also found to be reduced with magnolol 

treatment. Furthermore, magnolol has been reported to have an inhibitory effect on deposition 

of Ab in a transgenic C. elegans (Xie et al., 2020). Magnolol has also been reported to suppress 

the M1 polarization and augment the M2 polarization through Nrf2/HO-1/NLRP3 signalling 

in depression like behaviour in mice (Tao et al., 2021). In our study, it was reported that 

magnolol decreases production of neurotoxic Ab by inhibiting beta secretase enzyme and helps 

in disintegration of Ab1-42 oligomers. This study has reported that magnolol ameliorates the 

memory loss and cognitive deficits by targeting multiple pathological pathways of AD. Being 

a phenolic compound, its obvious antioxidant activity greatly aids in eliciting a relief in AD. 

The free radical scavenging activity protects the neurons from undergoing degradation thereby 

maintain their integrity. Additionally, it has an inhibitory action on the acetylcholinesterase 

enzyme which elevates the levels of ACh in cortex and hippocampus. The protection that 

magnolol provides to neurons (including cholinergic neurons) owing to its antioxidant activity 

is accentuated by improved levels of ACh. This results in betterment of memory and cognitive 

abilities. These effects on the amyloid pathway provide a disease modifying relief in AD 

inflicted brain. Furthermore, BDNF levels were also found to be remarkably higher in 
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magnolol treated groups. It indicates that magnolol helps in restoring the BDNF mediated 

synaptic plasticity and promoting the survival of neuronal cells. 

Vanillin and magnolol, individually and in combination, further protect the neurons 

from undergoing apoptotic cell death by inhibiting caspase-3. However, the treatment with 

vanillin (both low dose and high dose) and similarly with magnolol could not reduce the level 

of Ab1-42 and caspase-3 to that observed in the VC group. It does not mean that the treatment 

with vanillin and/or magnolol was futile. The treatment produced an ameliorative effect which 

is shown by the consequential reduction in the level of these molecular markers contrasted with 

the DC group and donepezil treated group, respectively. As an adjunctive measure, vanillin 

and/or magnolol may delay the progression of amyloidosis and neurodegeneration even beyond 

the standard treatment and add some more quality years to the lives of the patients. 

Probiotics have been reported to elicit potential anti-AD effects through the GBA. 

L.rhamnosus, among other probiotics, have been documented to have antioxidant and anti-

inflammatory effects that make them worthy candidates to be screened for anti-AD effects 

(Anand et al., 2023; Capurso, 2019; Kowalski and Mulak, 2019; Segers and Lebeer, 2014). 

The probiotic was documented to exhibit a hepatoprotective impact by regulating the 

expression of PKC and the Nrf2/PGC-1α signalling pathway, thereby mitigating oxidative 

damage (Ahmed et al., 2022). 

In our study, it has been found out that L.rhamnosus augments the potential anti-AD 

effects of vanillin and magnolol. The probiotic alone has been able to demonstrate good anti-

AD activity as evident by its capability to ameliorate behavioural and biochemical deficits 

associated with the disease. Numerous clinical and laboratory experiments have underscored 

the significance of the microbiota in the progression of neurodegenerative disorders through 
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diverse microbial molecules that traverse from the gut to the brain via the GBA or nervous 

system. The aging process leads to a compromised BBB, potentially triggering cerebrovascular 

inflammation and CNS disorders. These molecules may exert direct influence on the BBB, 

affecting brain neurons, or alternatively, they can activate the immune and endocrine systems 

as a protective measure against neuroinflammation or neurodegeneration. Fascinatingly, the 

communities of microorganisms in the gut are linked to the mood and behaviour of the host, 

acting as contributing elements to cognitive decline. Research has indicated changes in the gut 

microbiota in AD (Zhang et al., 2022). The probiotic used in the current study was linked to 

enhanced cognitive performance in middle-aged and elderly individuals experiencing cognitive 

impairment (Sanborn et al., 2020). Another study reported that intervention with L. rhamnosus 

decreased the translocation of gut bacteria, reinstated the functions of the gut and BBB, and 

rebalanced gut bacteria in rats subjected to chronic noise. This protective effect against 

cognitive deficits and systemic inflammation was achieved by regulating the GBA. It 

stimulated the growth of advantageous bacteria, suppressed the proliferation of detrimental 

bacteria, ameliorated the dysregulation of bacteria producing SCFA and maintained the balance 

of SCFA levels (Li et al., 2023). 

Vanillin and magnolol are phenolic compounds and thereby have an obvious 

antioxidant activity which has been augmented by the treatment of probiotic. The maintenance 

of neuronal integrity may be attributed to the free radical scavenging effect of vanillin, 

magnolol and L.rhamnosus, individually and in various combinations. The protection that these 

interventions provide to the cortical and hippocampal neurons is accentuated by the AChE 

inhibitory activity elicited by various treatments. These effects, when put together, contribute 

to the improvement of cognition and memory.  
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The inhibitory effect that these interventions have shown on the amyloid pathway 

suitably convey that vanillin, magnolol and L.rhamnosus, individually and in various 

combinations, may exert a disease altering influence in AD. The neuroprotective effect has 

been further supported by the capability of these interventions to control caspase-3 mediated 

neuronal apoptosis. Improvement in BDNF levels is an additional advantage that comes with 

the usage of vanillin, magnolol and L.rhamnosus, individually and in various combinations. It 

shows that these interventions can help in maintenance of synaptic plasticity that further aids 

in the survival of cortical and hippocampal neurons. Although the combination has not been 

demonstrated to completely restore various parameters like caspase-3 and Ab1-42 to the normal 

levels, the consequential effect on these markers is better than the standard treatment. The 

combination may not be a substitute for the standard treatment but it can be a potentially strong 

adjunctive measure.  

 L.rhamnosus, alone and in combination with natural phytoconstitutents i.e. vanillin and 

magnolol bear the weight of further research. The phytoconstituents, due to their negligible 

toxicity and wide acceptance, when combined with L.rhamnosus (a naturally occurring 

probiotic in human gut) may prove to be a safe, efficacious and cost-effective approach to 

manage AD.  
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6. Summary and conclusion 

AD is a highly prevalent and progressive neurodegenerative disorder that impacts millions of 

people worldwide. This debilitating ailment is characterized by a gradual decline in cognitive 

abilities and memory function, ultimately leading to severe disability and placing a substantial 

burden on both patients and their caregivers. While the precise cause of AD remains elusive, 

several theories have emerged to shed light on its underlying mechanisms. These theories 

encompass the amyloid beta hypothesis, which suggests that the accumulation of amyloid-beta 

plaques in the brain plays a central role in AD's development. These plaques are thought to 

disrupt normal neuronal function and trigger inflammation, contributing to cognitive 

deterioration. The cholinergic hypothesis emphasizes the depletion of acetylcholine, a vital 

neurotransmitter for cognitive function, as a key element in AD progression. The mitochondrial 

dysfunction theory posits that impaired energy production in the mitochondria of brain cells 

may contribute to neurodegeneration. Lastly, oxidative stress, arising from an imbalance 

between free radicals and antioxidants in the brain, has also been implicated in the advancement 

of AD. 

Current pharmacotherapy for AD primarily involves drugs aimed at providing 

symptomatic relief, such as cholinesterase inhibitors (e.g. donepezil) and NMDA receptor 

antagonists (e.g. memantine). However, these medications are far from ideal, as they do not 

address the underlying causes of AD and are associated with various side effects. In light of 

these challenges, there is a dire need to develop safer, more effective, and disease-modifying 

treatments for AD. This study addresses this critical need by exploring potential therapeutic 

interventions in a mouse model of AD.  

The experimental model used in the present study involved inducing AD-like pathology 

in Swiss Albino mice through the co-administration of aluminum chloride, a neurotoxin, and 
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d-galactose, a senescence accelerator. This approach aimed to mimic the pathological features 

and cognitive deficits observed in AD patients. The mice exhibited a range of AD-related 

symptoms, including behavioral and cognitive deficits, as well as cortical and hippocampal 

neurodegeneration. To identify potential therapeutic agents, the study focused on two natural 

phytoconstituents: vanillin and magnolol. Both compounds are known for their antioxidant 

properties due to their phenolic nature. It was hypothesized that these compounds might help 

counteract the oxidative stress associated with AD. Additionally, the probiotic Lactobacillus 

rhamnosus was evaluated for its potential anti-AD effects, given the emerging interest in the 

Gut-Brain Axis as a modulator of brain health.  

The findings of the study were promising. Vanillin and magnolol, either alone or in 

combination, exhibited significant antioxidant activity by reducing the levels of TBARS and 

increasing levels of GSH and CAT. Moreover, these phytoconstituents demonstrated notable 

AChE inhibitory activity, which is essential for preserving cognitive function. Behavioral tests 

conducted on the mice further supported the potential therapeutic effects of vanillin and 

magnolol. These compounds ameliorated cognitive deficits, as evidenced by improved 

performance in tasks like the Elevated Plus Maze paradigm, Morris Water Maze test, and Novel 

Object Recognition (NOR) paradigm. Importantly, they also exhibited inhibitory effects on 

pathological markers associated with AD, including beta-secretase, caspase-3, and Aβ1-42, 

suggesting their potential to modulate the disease process. Another noteworthy finding was the 

elevation of BDNF levels by vanillin and magnolol, both individually and in combination. 

BDNF is a neurotrophic factor crucial for neuronal survival and synaptic plasticity, and its 

upregulation is associated with improved cognitive function. L. rhamnosus, a commercially 

available probiotic, also showed promise as a potential anti-AD intervention. When 

administered alone, it exhibited beneficial effects in mitigating AD-like symptoms. However, 



Chapter 6: Summary and conclusion 
 

 
 

 136 

its effects were further enhanced when combined with vanillin and magnolol. This combination 

approach appeared to capitalize on the synergistic effects of these interventions, particularly 

their shared antioxidant properties.  

The study's results suggest that vanillin, magnolol, and L. rhamnosus, both individually 

and in various combinations, warrant further investigation in pre-clinical and clinical research 

settings. These promising findings offer hope for the development of more efficacious, safer, 

and cost-effective approaches to the treatment and management of AD.  

In conclusion, AD remains a challenging and devastating neurodegenerative disorder 

with a global impact. Despite numerous hypotheses regarding its pathology, there is still no 

definitive cure or disease-modifying treatment for AD. Current pharmacotherapies provide 

only symptomatic relief and are associated with side effects. The present study represents a 

significant step toward addressing this unmet medical need by exploring potential therapeutic 

interventions in a mouse-based model of AD. The use of vanillin and magnolol, natural 

phytoconstituents with antioxidant properties, offers a promising avenue for further research. 

These compounds not only demonstrated antioxidant activities but also exhibited 

acetylcholinesterase inhibitory effects and ameliorated behavioral deficits in the AD model. 

Importantly, they showed inhibitory effects on key pathological markers associated with AD 

and increased levels of BDNF, a neurotrophic factor crucial for neuronal health. Furthermore, 

the study introduces the potential role of probiotics, specifically L. rhamnosus, in AD 

management. Probiotics have a rich legacy of being used in treating various ailments, primarily 

related to gut health. The combination of L. rhamnosus with vanillin and magnolol highlighted 

the potential synergistic effects of these interventions, particularly their antioxidant properties.  

The findings of this study undoubtedly offer promise in the ongoing quest to combat 

AD. However, it is crucial to interpret these results with a sense of caution, recognizing that 
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the research was conducted in a mouse model. While animal studies can provide valuable 

insights and serve as initial indicators of therapeutic potential, they do not necessarily guarantee 

success when applied to human subjects. As such, further stages of investigation, 

encompassing both pre-clinical and clinical studies involving human participants, are 

imperative to corroborate and translate these promising findings into practical therapies for 

AD. Moreover, the importance of safety cannot be overstated. Before any potential treatment 

can be considered for widespread use in humans, it must undergo rigorous evaluation to 

ascertain its safety profile. This entails thorough investigation into the potential short-term and 

long-term consequences of the treatments under consideration. AD is a complex and 

multifaceted condition, and the introduction of new therapies must be approached with the 

utmost caution to avoid unintended adverse effects. AD presents a significant and growing 

public health challenge, with millions of individuals and their families grappling with its 

devastating effects worldwide. Discovering effective treatments is an urgent priority, and the 

exploration of natural compounds and probiotics as potential therapies is a hopeful 

development. These novel approaches may offer innovative avenues to address AD, potentially 

complementing or enhancing existing treatments. Continued research in this direction holds 

the promise of delivering safer and more effective therapies for AD, ultimately improving the 

quality of life for those affected by the disease and alleviating the burden on their caregivers 

and loved ones. 



 
 
 
 

 
 
 

 
REFERENCES 



References 
 

 
 

 138 

REFERENCES 

 

Abbas, F., Eladl, M.A., El-Sherbiny, M., Abozied, N., Nabil, A., Mahmoud, S.M., Mokhtar, H.I., 

Zaitone, S.A., Ibrahim, D., 2022. Celastrol and thymoquinone alleviate aluminum chloride-

induced neurotoxicity: Behavioral psychomotor performance, neurotransmitter level, 

oxidative-inflammatory markers, and BDNF expression in rat brain. Biomedicine & 

Pharmacotherapy 151, 113072. https://doi.org/10.1016/J.BIOPHA.2022.113072 

Aebi, H., 1984. Catalase in vitro. Methods Enzymol 105, 121–126. https://doi.org/10.1016/S0076-

6879(84)05016-3 

Afzal, M., Mazhar, S.F., Sana, S., Naeem, M., Rasool, M.H., Saqalein, M., Nisar, M.A., Rasool, 

M., Bilal, M., Khan, A.A., Khurshid, M., 2020. Neurological and cognitive significance of 

probiotics: A holy grail deciding individual personality. Future Microbiol. 

https://doi.org/10.2217/fmb-2019-0143 

Ahire, J.J., Mokashe, N.U., Patil, H.J., Chaudhari, B.L., 2013. Antioxidative potential of folate 

producing probiotic Lactobacillus helveticus CD6. J Food Sci Technol 50, 26–34. 

https://doi.org/10.1007/s13197-011-0244-0 

Ahmed, H.M., Shehata, H.H., El-Saeed, G.S.M., Gabal, H.H.A., El-Daly, S.M., 2022. Ameliorative 

effect of Lactobacillus rhamnosus GG on acetaminophen-induced hepatotoxicity via 

PKC/Nrf2/PGC-1α pathway. J Genet Eng Biotechnol 20. https://doi.org/10.1186/S43141-022-

00422-4 

Aisen, P.S., Gauthier, S., Ferris, S.H., Saumier, D., Haine, D., Garceau, D., Duong, A., Suhy, J., 

Oh, J., Lau, W.C., Sampalis, J., 2011. Tramiprosate in mild-to-moderate Alzheimer’s disease 

- A randomized, double-blind, placebo-controlled, multi-centre study (the alphase study). 

Archives of Medical Science 7, 102–111. https://doi.org/10.5114/aoms.2011.20612 



References 
 

 
 

 139 

Alexeev, M., Grosenbaugh, D.K., Mott, D.D., Fisher, J.L., 2012. The natural products magnolol and 

honokiol are positive allosteric modulators of both synaptic and extra-synaptic GABA(A) 

receptors. Neuropharmacology 62, 2507–14. 

https://doi.org/10.1016/j.neuropharm.2012.03.002 

Allen, S., Dawbarn, D., 2011. ONL Alzheimer’s Disease [WWW Document]. Oxford Medicine 

Online. https://doi.org/10.1093/med/9780199569854.001.0001 

Almostafa, M.M., Mohamed, M.E., Younis, N.S., 2024. Ameliorative effects of vanillin against 

pentylenetetrazole-induced epilepsy and associated memory loss in mice: The role of Nrf2/HO-

1/NQO1 and HMGB1/RAGE/TLR4/NFκB pathways. Int Immunopharmacol 129, 111657. 

https://doi.org/10.1016/J.INTIMP.2024.111657 

Al-Qudah, M., Anderson, C.D., Mahavadi, S., Bradley, Z.L., Akbarali, H.I., Murthy, K.S., Grider, 

J.R., 2014. Brain-derived neurotrophic factor enhances cholinergic contraction of longitudinal 

muscle of rabbit intestine via activation of phospholipase C. Am J Physiol Gastrointest Liver 

Physiol 306, G328-37. https://doi.org/10.1152/ajpgi.00203.2013 

Aluwong, T., Kawu, M., Raji, M., Dzenda, T., Govwang, F., Sinkalu, V., Ayo, J., 2013. Effect of 

yeast probiotic on growth, antioxidant enzyme activities and malondialdehyde concentration 

of broiler chickens. Antioxidants 2, 326–339. https://doi.org/10.3390/antiox2040326 

Alvarez, A., Alarcón, R., Opazo, C., Campos, E.O., Muñoz, F.J., Calderón, F.H., Dajas, F., Gentry, 

M.K., Doctor, B.P., De Mello, F.G., Inestrosa, N.C., 1998. Stable complexes involving 

acetylcholinesterase and amyloid-beta peptide change the biochemical properties of the 

enzyme and increase the neurotoxicity of Alzheimer’s fibrils. The Journal of Neuroscience 18, 

3213–23. 



References 
 

 
 

 140 

Alvarez, A., Opazo, C., Alarcón, R., Garrido, J., Inestrosa, N.C., 1997. Acetylcholinesterase 

promotes the aggregation of amyloid-β-peptide fragments by forming a complex with the 

growing fibrils. J Mol Biol 272, 348–361. https://doi.org/10.1006/jmbi.1997.1245 

Alzheimer’s Association, 2017a. Types of Dementia [WWW Document]. URL 

http://www.alz.org/dementia/types-of-dementia.asp (accessed 4.1.17). 

Alzheimer’s Association, 2017b. What is Dementia? [WWW Document]. URL 

http://www.alz.org/what-is-dementia.asp (accessed 4.1.17). 

Alzheimer’s Association, 2017c. What Is Alzheimer’s? [WWW Document]. URL 

http://www.alz.org/alzheimers_disease_what_is_alzheimers.asp (accessed 4.1.17). 

Alzheimer’s Association, 2017d. Vascular Dementia [WWW Document]. URL 

http://www.alz.org/dementia/vascular-dementia-symptoms.asp (accessed 4.1.17). 

Alzheimer’s Association, 2017e. Dementia with Lewy Bodies [WWW Document]. URL 

http://www.alz.org/dementia/dementia-with-lewy-bodies-symptoms.asp (accessed 4.1.17). 

Alzheimer’s Association, 2017f. Mixed Dementia [WWW Document]. URL 

http://www.alz.org/dementia/mixed-dementia-symptoms.asp (accessed 4.1.17). 

Alzheimer’s Association, 2017g. Parkinson’s Disease Dementia [WWW Document]. URL 

http://www.alz.org/dementia/parkinsons-disease-symptoms.asp (accessed 4.1.17). 

Alzheimer’s Association, 2017h. Frontotemporal Dementia [WWW Document]. URL 

http://www.alz.org/dementia/fronto-temporal-dementia-ftd-symptoms.asp (accessed 4.1.17). 

Alzheimer’s Association, 2017i. Creutzfeldt-Jakob Disease [WWW Document]. URL 

http://www.alz.org/dementia/creutzfeldt-jakob-disease-cjd-symptoms.asp (accessed 4.1.17). 

Alzheimer’s Association, 2017j. Normal Pressure Hydrocephalus [WWW Document]. URL 

http://www.alz.org/dementia/normal-pressure-hydrocephalus-nph.asp (accessed 4.1.17). 



References 
 

 
 

 141 

Alzheimer’s Association, 2017k. Huntington’s Disease [WWW Document]. URL 

http://www.alz.org/dementia/huntingtons-disease-symptoms.asp (accessed 4.1.17). 

Alzheimer’s Association, 2017l. Korsakoff Syndrome [WWW Document]. URL 

http://www.alz.org/dementia/wernicke-korsakoff-syndrome-symptoms.asp (accessed 4.1.17). 

Alzheimer’s Association, 2017m. Stages of Alzheimer’s and Symptoms | Alzheimer’s Association 

[WWW Document]. URL http://www.alz.org/alzheimers_disease_stages_of_alzheimers.asp 

(accessed 3.6.17). 

Alzheimer’s Association, 2017n. What Is Alzheimer’s? 

Alzheimer’s Association, 2014. 2014 Alzheimer’s disease facts and figures. Alzheimers Dement 

10, e47–e92. https://doi.org/10.1016/j.jalz.2014.02.001 

Amaducci, L., Crook, T.H., Lippi, A., Bracco, L., Baldereschi, M., Latorraca, S., Piersanti, P., 

Tesco, G., Sorbi, S., 1986. Use of Phosphatidylserine in Alzheimer ’ s Disease 245–249. 

https://doi.org/10.1111/j.1749-6632.1991.tb00227.x 

Anand, A., Chawla, J., Mahajan, A., Sharma, N., Khurana, N., 2017a. Therapeutic potential of 

epigallocatechin gallate. International Journal of Green Pharmacy 11. 

Anand, A., Khurana, N., Ali, N., AlAsmari, A.F., Alharbi, M., Waseem, M., Sharma, N., 2022. 

Ameliorative effect of vanillin on scopolamine-induced dementia-like cognitive impairment in 

a mouse model. Front Neurosci 16. https://doi.org/10.3389/fnins.2022.1005972 

Anand, A., Khurana, N., Kaur, S., Ali, N., AlAsmari, A.F., Waseem, M., Iqbal, M., Alzahrani, F.M., 

Sharma, N., 2023a. The multifactorial role of vanillin in amelioration of aluminium chloride 

and D-galactose induced Alzheimer’s disease in mice. Eur J Pharmacol 954, 175832. 

https://doi.org/10.1016/J.EJPHAR.2023.175832 



References 
 

 
 

 142 

Anand, A., Khurana, N., Kumar, R., Sharma, N., 2023b. Food for the mind: The journey of 

probiotics from foods to anti-Alzheimer’s disease therapeutics. Food Biosci 51, 102323. 

https://doi.org/10.1016/J.FBIO.2022.102323 

Anand, A., Khurana, P., Chawla, J., Sharma, N., Khurana, N., 2017b. Emerging treatments for the 

behavioral and psychological symptoms of dementia. CNS Spectr. 

https://doi.org/10.1017/S1092852917000530 

Anand, A., Khurana, R., Wahal, N., Mahajan, S., Mehta, M., Satija, S., Sharma, N., Vyas, M., 

Khurana, N., 2019. Vanillin: A comprehensive review of pharmacological activities. Plant 

Arch 19. 

Anand, A., Nuthan Kumar Babu, V., Giriyam, R., Turan, S., Sharma, N., Khurana, N., Vyas, M., 

Lakshmi Narayan, S., 2021. THE RELATIONSHIP OF MAGNOLOL, AN IMPORTANT 

PHYTOCONSTITUENT, WITH NEUROLOGICAL DISORDERS: An In silico 

EVALUATION. Plant Cell Biotechnol Mol Biol 22, 389–397. 

Anand, Abhinav, Patience, A.A., Sharma, N., Khurana, N., 2017. The present and future of 

pharmacotherapy of Alzheimer’s disease: A comprehensive review. Eur J Pharmacol. 

https://doi.org/10.1016/j.ejphar.2017.09.043 

Anand, A., Sharma, N., Gulati, M., Khurana, N., 2018. Amyloid Beta: The Foremost Protagonist in 

Alzheimer’s Disease, in: Handbook of Research on Critical Examinations of 

Neurodegenerative Disorders. IGI Global, pp. 235–251. 

Antunes, M., Biala, G., 2012a. The novel object recognition memory: Neurobiology, test procedure, 

and its modifications. Cogn Process. https://doi.org/10.1007/s10339-011-0430-z 

Antunes, M., Biala, G., 2012b. The novel object recognition memory: neurobiology, test procedure, 

and its modifications. Cogn Process 13, 93. https://doi.org/10.1007/S10339-011-0430-Z 



References 
 

 
 

 143 

Arora, K., Green, M., Prakash, S., 2020. The Microbiome and Alzheimer’s Disease: Potential and 

Limitations of Prebiotic, Synbiotic, and Probiotic Formulations. Front Bioeng Biotechnol. 

https://doi.org/10.3389/fbioe.2020.537847 

Arunachalam, K., Gill, H.S., Chandra, R.K., 2000. Enhancement of natural immune function by 

dietary consumption of Bifidobacterium lactis (HN019). Eur J Clin Nutr 54, 263–267. 

https://doi.org/10.1038/sj.ejcn.1600938 

Bairy, K Laxminarayana, Agarwal, A., Malini, S., Bairy, K L, Rao, M.S., 2002. EFFECT OF 

TINOSPORA CORDIFOLIA ON LEARNING AND MEMORY IN NORMAL AND 

MEMORY DEFICIT RATS. Indian J Pharmacol 34, 339–349. 

Barbara, G., Stanghellini, V., Brandi, G., Cremon, C., Nardo, G. Di, De Giorgio, R., Corinaldesi, 

R., 2005. Interactions between commensal bacteria and gut sensorimotor function in health and 

disease. American Journal of Gastroenterology. https://doi.org/10.1111/j.1572-

0241.2005.00230.x 

Beaudry, F., Ross, A., Lema, P.P., Vachon, P., 2010. Pharmacokinetics of vanillin and its effects on 

mechanical hypersensitivity in a rat model of neuropathic pain. Phytotherapy Research 24, 

525–30. https://doi.org/10.1002/ptr.2975 

Betteridge, D.J., 2000a. What is oxidative stress? Metabolism 49, 3–8. 

Betteridge, D.J., 2000b. What is oxidative stress? Metabolism 49, 3–8. 

Beutler, E., Duron, O., Kelly, B.M., 1963. Improved method for the determination of blood 

glutathione. J Lab Clin Med. 

Bioassay Technology Laboratory, 2022a. Protocols - BT LAB [WWW Document]. URL 

https://www.bt-laboratory.com/index.php/Shop/Index/protocols.html (accessed 11.8.22). 

Bioassay Technology Laboratory, 2022b. Mouse Brain Derived Neurotrophic Facor, BDNF ELISA 

Kit - BT LAB [WWW Document]. URL https://www.bt-



References 
 

 
 

 144 

laboratory.com/index.php/Shop/Index/productShijiheDetail/p_id/2202.html (accessed 

11.9.22). 

Bonfili, L., Cecarini, V., Cuccioloni, M., Angeletti, M., Berardi, S., Scarpona, S., Rossi, G., Eleuteri, 

A.M., 2018. SLAB51 Probiotic Formulation Activates SIRT1 Pathway Promoting Antioxidant 

and Neuroprotective Effects in an AD Mouse Model. Mol Neurobiol 55, 7987–8000. 

https://doi.org/10.1007/s12035-018-0973-4 

Boni, U.D., Otvos, A., Scott, J.W., Crapper, D.R., 1976. Neurofibrillary degeneration induced by 

systemic aluminum. Acta Neuropathol 35, 285–94. 

Bravo, J.A., Forsythe, P., Chew, M. V., Escaravage, E., Savignac, H.M., Dinan, T.G., Bienenstock, 

J., Cryan, J.F., 2011. Ingestion of Lactobacillus strain regulates emotional behavior and central 

GABA receptor expression in a mouse via the vagus nerve. Proc Natl Acad Sci U S A 108, 

16050–16055. https://doi.org/10.1073/pnas.1102999108 

Bray, N., 2019. The microbiota–gut–brain axis. Nature Research 2019. 

Breijyeh, Z., Karaman, R., 2020. Comprehensive Review on Alzheimer’s Disease: Causes and 

Treatment. Molecules 25. https://doi.org/10.3390/MOLECULES25245789 

Bromley-Brits, K., Deng, Y., Song, W., 2011. Morris Water Maze Test for Learning and Memory 

Deficits in Alzheimer’s Disease Model Mice. Journal of Visualized Experiments e2920–e2920. 

https://doi.org/10.3791/2920 

Butterfield, D., Castegna, A., Pocernich, C., Drake, J., Scapagnini, G., Calabrese, V., 2002. 

Nutritional approaches to combat oxidative stress in Alzheimer’s disease. J Nutr Biochem 13, 

444. 

Capurso, L., 2019. Thirty Years of Lactobacillus rhamnosus GG A Review. J Clin Gastroenterol 53, 

S1–S41. https://doi.org/10.1097/MCG.0000000000001170 



References 
 

 
 

 145 

Carabotti, M., Scirocco, A., Maselli, M.A., Severi, C., 2015a. The gut-brain axis: Interactions 

between enteric microbiota, central and enteric nervous systems. Ann Gastroenterol 28, 203–

209. 

Carabotti, M., Scirocco, A., Maselli, M.A., Severi, C., 2015b. The gut-brain axis: interactions 

between enteric microbiota, central and enteric nervous systems. Ann Gastroenterol 28, 203–

209. 

Cattaneo, A., Cattane, N., Galluzzi, S., Provasi, S., Lopizzo, N., Festari, C., Ferrari, C., Guerra, 

U.P., Paghera, B., Muscio, C., Bianchetti, A., Volta, G.D., Turla, M., Cotelli, M.S., Gennuso, 

M., Prelle, A., Zanetti, O., Lussignoli, G., Mirabile, D., Bellandi, D., Gentile, S., Belotti, G., 

Villani, D., Harach, T., Bolmont, T., Padovani, A., Boccardi, M., Frisoni, G.B., 2017. 

Association of brain amyloidosis with pro-inflammatory gut bacterial taxa and peripheral 

inflammation markers in cognitively impaired elderly. Neurobiol Aging 49, 60–68. 

https://doi.org/10.1016/j.neurobiolaging.2016.08.019 

Centers for Disease Control and Prevention, 2017. Leading Causes of Death [WWW Document]. 

CDC. URL https://www.cdc.gov/nchs/fastats/leading-causes-of-death.htm (accessed 4.4.17). 

Cerovic, M., Forloni, G., Balducci, C., 2019. Neuroinflammation and the Gut Microbiota: Possible 

Alternative Therapeutic Targets to Counteract Alzheimer’s Disease? Front Aging Neurosci. 

https://doi.org/10.3389/fnagi.2019.00284 

Chakravarthi, K., Avadhani, R., 2013. Beneficial effect of aqueous root extract of Glycyrrhiza 

glabra on learning and memory using different behavioral models: An experimental study. J 

Nat Sci Biol Med 4, 420–425. https://doi.org/10.4103/0976-9668.117025 

Chen, C., Liao, J., Xia, Y., Liu, X., Jones, R., Haran, J., McCormick, B., Sampson, T.R., Alam, A., 

Ye, K., 2022. Gut microbiota regulate Alzheimer’s disease pathologies and cognitive disorders 



References 
 

 
 

 146 

via PUFA-associated neuroinflammation. Gut 71, 2233–2252. 

https://doi.org/10.1136/GUTJNL-2021-326269 

Cheng, L.H., Liu, Y.W., Wu, C.C., Wang, S., Tsai, Y.C., 2019. Psychobiotics in mental health, 

neurodegenerative and neurodevelopmental disorders. J Food Drug Anal. 

https://doi.org/10.1016/j.jfda.2019.01.002 

Chiang, B.L., Sheih, Y.H., Wang, L.H., Liao, C.K., Gill, H.S., 2000. Enhancing immunity by dietary 

consumption of a probiotic lactic acid bacterium (Bifidobacterium lactis HN019): 

Optimization and definition of cellular immune responses. Eur J Clin Nutr 54, 849–855. 

https://doi.org/10.1038/sj.ejcn.1601093 

Chiroma, S.M., Mohd Moklas, M.A., Mat Taib, C.N., Baharuldin, M.T.H., Amon, Z., 2018a. d-

galactose and aluminium chloride induced rat model with cognitive impairments. Biomedicine 

& Pharmacotherapy 103, 1602–1608. https://doi.org/10.1016/J.BIOPHA.2018.04.152 

Chiroma, S.M., Mohd Moklas, M.A., Mat Taib, C.N., Baharuldin, M.T.H., Amon, Z., 2018b. d-

galactose and aluminium chloride induced rat model with cognitive impairments. Biomedicine 

& Pharmacotherapy 103, 1602–1608. https://doi.org/10.1016/J.BIOPHA.2018.04.152 

Ciechanover, A., Schwartz, A.L., 1994. The ubiquitin-mediated proteolytic pathway: mechanisms 

of recognition of the proteolytic substrate and involvement in the degradation of native cellular 

proteins. FASEB Journal 8, 182–91. 

Cui, Y.M., Ao, M.Z., Li, W., Yu, L.J., 2008. Effect of glabridin from Glycyrrhiza glabra on learning 

and memory in mice. Planta Med 74, 377–380. https://doi.org/10.1055/s-2008-1034319 

CUSABIO, 2022a. Mouse Caspase 3,Casp-3 ELISA Kit - Cusabio [WWW Document]. URL 

https://www.cusabio.com/ELISA-Kit/Mouse-Caspase-3Casp-3-ELISA-Kit-69045.html 

(accessed 11.9.22). 



References 
 

 
 

 147 

CUSABIO, 2022b. Mouse amyloid beta peptide 1-42 (Aβ1-42) ELISA Kit- CUSABIO [WWW 

Document]. URL https://www.cusabio.com/ELISA-Kit/Mouse-amyloid-beta-peptide-1-

42A%CE%B21-42-ELISA-Kit-66283.html (accessed 11.9.22). 

D’Amelio, M., Cavallucci, V., Middei, S., Marchetti, C., Pacioni, S., Ferri, A., Diamantini, A., de 

Zio, D., Carrara, P., Battistini, L., Moreno, S., Bacci, A., Ammassari-Teule, M., Marie, H., 

Cecconi, F., 2010. Caspase-3 triggers early synaptic dysfunction in a mouse model of 

Alzheimer’s disease. Nature Neuroscience 2010 14:1 14, 69–76. 

https://doi.org/10.1038/nn.2709 

Deng, H., Dong, X., Chen, M., Zou, Z., 2020. Efficacy of probiotics on cognition, and biomarkers 

of inflammation and oxidative stress in adults with Alzheimer’s disease or mild cognitive 

impairment-A meta-analysis of randomized controlled trials. Aging. 

https://doi.org/10.18632/aging.102810 

Desbonnet, L., Garrett, L., Clarke, G., Bienenstock, J., Dinan, T.G., 2008. The probiotic 

Bifidobacteria infantis: An assessment of potential antidepressant properties in the rat. J 

Psychiatr Res 43, 164–174. https://doi.org/10.1016/j.jpsychires.2008.03.009 

Dhanalakshmi, C., Janakiraman, U., Manivasagam, T., Justin Thenmozhi, A., Essa, M.M., 

Kalandar, A., Khan, M.A.S., Guillemin, G.J., 2016. Vanillin Attenuated Behavioural 

Impairments, Neurochemical Deficts, Oxidative Stress and Apoptosis Against Rotenone 

Induced Rat Model of Parkinson’s Disease. Neurochem Res 41, 1899–1910. 

https://doi.org/10.1007/s11064-016-1901-5 

Dhanalakshmi, C., Manivasagam, T., Nataraj, J., Justin Thenmozhi, A., Essa, M.M., 2015a. 

Neurosupportive Role of Vanillin, a Natural Phenolic Compound, on Rotenone Induced 

Neurotoxicity in SH-SY5Y Neuroblastoma Cells. Evidence-Based Complementary and 

Alternative Medicine 2015, 1–11. https://doi.org/10.1155/2015/626028 



References 
 

 
 

 148 

Dhanalakshmi, C., Manivasagam, T., Nataraj, J., Justin Thenmozhi, A., Essa, M.M., 2015b. 

Neurosupportive Role of Vanillin, a Natural Phenolic Compound, on Rotenone Induced 

Neurotoxicity in SH-SY5Y Neuroblastoma Cells. Evid Based Complement Alternat Med 

2015, 1–11. https://doi.org/10.1155/2015/626028 

Dhanalakshmi, C., Manivasagam, T., Nataraj, J., Justin Thenmozhi, A., Essa, M.M., 2015c. 

Neurosupportive Role of Vanillin, a Natural Phenolic Compound, on Rotenone Induced 

Neurotoxicity in SH-SY5Y Neuroblastoma Cells. Evid Based Complement Alternat Med 

2015, 1–11. https://doi.org/10.1155/2015/626028 

Dhingra, D., Kumar, V., 2012. Memory-enhancing activity of palmatine in mice using elevated plus 

maze and Morris water maze. Adv Pharmacol Sci 2012. https://doi.org/10.1155/2012/357368 

Di Giosia, P., Stamerra, C.A., Giorgini, P., Jamialahamdi, T., Butler, A.E., Sahebkar, A., 2022. The 

role of nutrition in inflammaging. Ageing Res Rev 77, 101596. 

https://doi.org/10.1016/J.ARR.2022.101596 

Distrutti, E., O’Reilly, J.A., McDonald, C., Cipriani, S., Renga, B., Lynch, M.A., Fiorucci, S., 2014. 

Modulation of intestinal microbiota by the probiotic VSL#3 resets brain gene expression and 

ameliorates the age-related deficit in LTP. PLoS One 9, e106503. 

https://doi.org/10.1371/journal.pone.0106503 

Dwyer, B.E., Zacharski, L.R., Balestra, D.J., Lerner, A.J., Perry, G., Zhu, X., Smith, M.A., 2009. 

Getting the iron out: phlebotomy for Alzheimer’s disease? Med Hypotheses 72, 504–9. 

https://doi.org/10.1016/j.mehy.2008.12.029 

Dykstra, N.S., Hyde, L., MacKenzie, A., Mack, D.R., 2011. Lactobacillus plantarum 299v Prevents 

Caspase-Dependent Apoptosis In Vitro. Probiotics Antimicrob Proteins 3, 21–26. 

https://doi.org/10.1007/s12602-011-9066-7 



References 
 

 
 

 149 

Ejtahed, H.S., Mohtadi-Nia, J., Homayouni-Rad, A., Niafar, M., Asghari-Jafarabadi, M., Mofid, V., 

2012. Probiotic yogurt improves antioxidant status in type 2 diabetic patients. Nutrition 28, 

539–543. https://doi.org/10.1016/j.nut.2011.08.013 

Ellman, G.L., Courtney, K.D., Andres, V., Featherstone, R.M., 1961. A new and rapid colorimetric 

determination of acetylcholinesterase activity. Biochem Pharmacol 7, 88–95. 

https://doi.org/10.1016/0006-2952(61)90145-9 

Erny, D., De Angelis, A.L.H., Jaitin, D., Wieghofer, P., Staszewski, O., David, E., Keren-Shaul, H., 

Mahlakoiv, T., Jakobshagen, K., Buch, T., Schwierzeck, V., Utermöhlen, O., Chun, E., Garrett, 

W.S., Mccoy, K.D., Diefenbach, A., Staeheli, P., Stecher, B., Amit, I., Prinz, M., 2015. Host 

microbiota constantly control maturation and function of microglia in the CNS. Nat Neurosci 

18, 965–977. https://doi.org/10.1038/nn.4030 

Foster, J.A., McVey Neufeld, K.A., 2013. Gut-brain axis: How the microbiome influences anxiety 

and depression. Trends Neurosci. https://doi.org/10.1016/j.tins.2013.01.005 

Francis, P.T., 2005. The interplay of neurotransmitters in Alzheimer’s disease. CNS Spectr 10, 6–

9. 

Gallage, N.J., Møller, B.L., 2015. Vanillin–Bioconversion and Bioengineering of the Most Popular 

Plant Flavor and Its De Novo Biosynthesis in the Vanilla Orchid. Mol Plant 8, 40–57. 

https://doi.org/10.1016/j.molp.2014.11.008 

Gao, J., He, H., Jiang, W., Chang, X., Zhu, L., Luo, F., Zhou, R., Ma, C., Yan, T., 2015. Salidroside 

ameliorates cognitive impairment in a d-galactose-induced rat model of Alzheimer’s disease. 

Behavioural Brain Research 293, 27–33. https://doi.org/10.1016/J.BBR.2015.06.045 

Gao, L., Peng, X.M., Huo, S.X., Liu, X.M., Yan, M., 2015. Memory Enhancement of Acteoside 

(Verbascoside) in a Senescent Mice Model Induced by a Combination of d -gal and AlCl3. 

Phytotherapy Research 29, 1131–1136. https://doi.org/10.1002/ptr.5357 



References 
 

 
 

 150 

Garcez, M.L., Jacobs, K.R., Guillemin, G.J., 2019. Microbiota Alterations in Alzheimer’s Disease: 

Involvement of the Kynurenine Pathway and Inflammation. Neurotox Res 36, 424–436. 

https://doi.org/10.1007/s12640-019-00057-3 

Gareau, M.G., Wine, E., Rodrigues, D.M., Cho, J.H., Whary, M.T., Philpott, D.J., MacQueen, G., 

Sherman, P.M., 2011. Bacterial infection causes stress-induced memory dysfunction in mice. 

Gut 60, 307–317. https://doi.org/10.1136/gut.2009.202515 

Gill, H.S., Rutherfurd, K.J., Cross, M.L., Gopal, P.K., 2001. Enhancement of immunity in the 

elderly by dietary supplementation with the probiotic Bifidobactedum lactis HN019. American 

Journal of Clinical Nutrition 74, 833–839. https://doi.org/10.1093/ajcn/74.6.833 

Giuffrida, M.L., Copani, A., Rizzarelli, E., 2018. A promising connection between BDNF and 

Alzheimer’s disease. Aging (Albany NY) 10, 1791. https://doi.org/10.18632/AGING.101518 

Gómez-Llorente, C., Muñoz, S., Gil, A., 2010. Role of Toll-like receptors in the development of 

immunotolerance mediated by probiotics, in: Proceedings of the Nutrition Society. Proc Nutr 

Soc, pp. 381–389. https://doi.org/10.1017/S0029665110001527 

Guillemin, G.J., 2012. Quinolinic acid, the inescapable neurotoxin. FEBS Journal. 

https://doi.org/10.1111/j.1742-4658.2012.08485.x 

Guo, A.J.Y., Xie, H.Q., Choi, R.C.Y., Zheng, K.Y.Z., Bi, C.W.C., Xu, S.L., Dong, T.T.X., Tsim, 

K.W.K., 2010. Galangin, a flavonol derived from Rhizoma Alpiniae Officinarum, inhibits 

acetylcholinesterase activity in vitro. Chem Biol Interact 187, 246–248. 

https://doi.org/10.1016/j.cbi.2010.05.002 

Habibyar, A.F., Sharma, N., Khurana, N., 2016a. PASS assisted prediction and pharmacological 

evaluation of hesperidin against scopolamine induced amnesia in mice. Eur J Pharmacol 789, 

385–394. https://doi.org/10.1016/j.ejphar.2016.07.013 



References 
 

 
 

 151 

Habibyar, A.F., Sharma, N., Khurana, N., 2016b. PASS assisted prediction and pharmacological 

evaluation of hesperidin against scopolamine induced amnesia in mice. Eur J Pharmacol 789, 

385–394. https://doi.org/10.1016/j.ejphar.2016.07.013 

Habtemariam, S., 2016. The Therapeutic Potential of Rosemary (Rosmarinus officinalis) Diterpenes 

for Alzheimer’s Disease. Evidence-Based Complementary and Alternative Medicine 2016, 1–

14. https://doi.org/10.1155/2016/2680409 

Haider, S., Liaquat, L., Ahmad, S., Batool, Z., Siddiqui, R.A., Tabassum, S., Shahzad, S., Rafiq, S., 

Naz, N., 2020. Naringenin protects AlCl3/D-galactose induced neurotoxicity in rat model of 

AD via attenuation of acetylcholinesterase levels and inhibition of oxidative stress. PLoS One 

15, e0227631. https://doi.org/10.1371/JOURNAL.PONE.0227631 

Haider, S., Tabassum, S., Perveen, T., 2016. Scopolamine-induced greater alterations in 

neurochemical profile and increased oxidative stress demonstrated a better model of dementia: 

A comparative study. Brain Res Bull 127, 234–247. 

https://doi.org/10.1016/j.brainresbull.2016.10.002 

Halliwell, B., Murcia, M.A., Chirico, S., Aruoma, O.I., 1995. Free Radicals and Antioxidants in 

Food and In Vivo: What They Do and How They Work. Crit Rev Food Sci Nutr 35, 7–20. 

https://doi.org/10.1080/10408399509527682 

Han, S.K., Shin, Y.J., Lee, D.Y., Kim, K.M., Yang, S.J., Kim, D.S., Choi, J.W., Lee, S., Kim, D.H., 

2021. Lactobacillus rhamnosus HDB1258 modulates gut microbiota-mediated immune 

response in mice with or without lipopolysaccharide-induced systemic inflammation. BMC 

Microbiol 21, 1–15. https://doi.org/10.1186/S12866-021-02192-4/FIGURES/8 

 



References 
 

 
 

 152 

Hardy, J., Selkoe, D.J., 2002. The Amyloid Hypothesis of Alzheimer’s Disease: Progress and 

Problems on the Road to Therapeutics. Science (1979) 297, 353–356. 

https://doi.org/10.1126/science.1072994 

Heeney, D.D., Gareau, M.G., Marco, M.L., 2018. Intestinal Lactobacillus in health and disease, a 

driver or just along for the ride? Curr Opin Biotechnol 49, 140–147. 

https://doi.org/10.1016/J.COPBIO.2017.08.004 

Henderson, S.T., Vogel, J.L., Barr, L.J., Garvin, F., Jones, J.J., Costantini, L.C., 2009. Study of the 

ketogenic agent AC-1202 in mild to moderate Alzheimer’s disease: a randomized, double-

blind, placebo-controlled, multicenter trial. Nutr Metab (Lond) 6, 31. 

https://doi.org/10.1186/1743-7075-6-31 

Heneka, M.T., Carson, M.J., Khoury, J. El, Landreth, G.E., Brosseron, F., Feinstein, D.L., Jacobs, 

A.H., Wyss-Coray, T., Vitorica, J., Ransohoff, R.M., Herrup, K., Frautschy, S.A., Finsen, B., 

Brown, G.C., Verkhratsky, A., Yamanaka, K., Koistinaho, J., Latz, E., Halle, A., Petzold, G.C., 

Town, T., Morgan, D., Shinohara, M.L., Perry, V.H., Holmes, C., Bazan, N.G., Brooks, D.J., 

Hunot, S., Joseph, B., Deigendesch, N., Garaschuk, O., Boddeke, E., Dinarello, C.A., Breitner, 

J.C., Cole, G.M., Golenbock, D.T., Kummer, M.P., 2015. Neuroinflammation in Alzheimer’s 

disease. Lancet Neurol. https://doi.org/10.1016/S1474-4422(15)70016-5 

Heo, J., Lee, S., Oh, M.J., Park, H., Shim, J., Chu, K., Kim, M., 2011. Improvement of cognitive 

deficit in Alzheimer’s disease patients by long term treatment with korean red ginseng. J 

Ginseng Res 35, 457–461. https://doi.org/10.5142/jgr.2011.35.4.457 

Hermenegildo, C., Sáez, R., Minoia, C., Manzo, L., Felipo, V., 1999. Chronic exposure to 

aluminium impairs the glutamate-nitric oxide-cyclic GMP pathway in the rat in vivo. 

Neurochem Int 34, 245–53. 



References 
 

 
 

 153 

Hoi, C.P., Ho, Y.P., Baum, L., Chow, A.H.L., 2010. Neuroprotective effect of honokiol and 

magnolol, compounds from Magnolia officinalis, on beta-amyloid-induced toxicity in PC12 

cells. Phytotherapy Research 24, 1538–1542. https://doi.org/10.1002/ptr.3178 

Howes, M.-J.R., Perry, N.S.L., Houghton, P.J., 2003. Plants with traditional uses and activities, 

relevant to the management of Alzheimer’s disease and other cognitive disorders. Phytotherapy 

Research 17, 1–18. https://doi.org/10.1002/ptr.1280 

Huang, W.-J., Zhang, X., Chen, W.-W., 2016. Role of oxidative stress in Alzheimer’s disease. 

Biomed Rep 4, 519–522. https://doi.org/10.3892/br.2016.630 

Itoh, J., Nabeshima, T., Kameyama, T., 1990. Utility of an elevated plus-maze for the evaluation of 

memory in mice: effects of nootropics, scopolamine and electroconvulsive shock. 

Psychopharmacology (Berl) 101, 27–33. https://doi.org/10.1007/BF02253713 

Iwasaki, K., Wang, Q., Seki, H., Satoh, K., Takeda, A., Arai, H., Sasaki, H., 2000. The effects of 

the traditional Chinese medicine, “Banxia Houpo Tang (Hange-Koboku To)” on the 

swallowing reflex in Parkinson’s disease. Phytomedicine 7, 259–263. 

https://doi.org/10.1016/S0944-7113(00)80042-2 

Izzo, N.J., Xu, J., Zeng, C., Kirk, M.J., Mozzoni, K., Silky, C., Rehak, C., Yurko, R., Look, G., 

Rishton, G., Safferstein, H., Cruchaga, C., Goate, A., Cahill, M.A., Arancio, O., Mach, R.H., 

Craven, R., Head, E., LeVine, H., Spires-Jones, T.L., Catalano, S.M., 2014. Alzheimer’s 

therapeutics targeting amyloid beta 1-42 oligomers II: Sigma-2/PGRMC1 receptors mediate 

Abeta 42 oligomer binding and synaptotoxicity. PLoS One 9. 

https://doi.org/10.1371/JOURNAL.PONE.0111899 

Jadhav, D., B.N., R., Gogate, P.R., Rathod, V.K., 2009. Extraction of vanillin from vanilla pods: A 

comparison study of conventional soxhlet and ultrasound assisted extraction. J Food Eng 93, 

421–426. https://doi.org/10.1016/j.jfoodeng.2009.02.007 



References 
 

 
 

 154 

Janakiraman, M., Krishnamoorthy, G., 2018. Emerging role of diet and microbiota interactions in 

neuroinflammation. Front Immunol. https://doi.org/10.3389/fimmu.2018.02067 

Jeong, J.J., Woo, J.Y., Kim, K.A., Han, M.J., Kim, D.H., 2015. Lactobacillus pentosus var. 

plantarum C29 ameliorates age-dependent memory impairment in Fischer 344 rats. Lett Appl 

Microbiol 60, 307–314. https://doi.org/10.1111/lam.12393 

Jung, H.A., Karki, S., Kim, J.H., Choi, J.S., 2015. BACE1 and cholinesterase inhibitory activities 

of Nelumbo nucifera embryos. Arch Pharm Res 38, 1178–1187. 

https://doi.org/10.1007/s12272-014-0492-4 

Kairane, C., Roots, K., Uusma, T., Bogdanovic, N., Karelson, E., Kõks, S., Zilmer, M., 2002. 

Regulation of the frontocortical sodium pump by Na+ in Alzheimer’s disease: Difference from 

the age-matched control but similarity to the rat model. FEBS Lett 531, 241–244. 

https://doi.org/10.1016/S0014-5793(02)03510-X 

Kamer, A.R., 2010. SYSTEMIC INFLAMMATION AND DISEASE PROGRESSION IN 

ALZHEIMER DISEASE. Neurology 74. 

Karthick, C., Periyasamy, S., Jayachandran, K.S., Anusuyadevi, M., 2016. Intrahippocampal 

Administration of Ibotenic Acid Induced Cholinergic Dysfunction via NR2A/NR2B 

Expression: Implications of Resveratrol against Alzheimer Disease Pathophysiology. Front 

Mol Neurosci 9, 28. https://doi.org/10.3389/fnmol.2016.00028 

Kawahara, M., Kato-Negishi, M., 2011. Link between Aluminum and the Pathogenesis of 

Alzheimer’s Disease: The Integration of the Aluminum and Amyloid Cascade Hypotheses. Int 

J Alzheimers Dis 2011, 276393. https://doi.org/10.4061/2011/276393 

Kechagia, M., Basoulis, D., Konstantopoulou, S., Dimitriadi, D., Gyftopoulou, K., Skarmoutsou, 

N., Fakiri, E.M., 2013. Health Benefits of Probiotics: A Review. ISRN Nutr 2013, 1–7. 

https://doi.org/10.5402/2013/481651 



References 
 

 
 

 155 

Keshavarzian, A., Green, S.J., Engen, P.A., Voigt, R.M., Naqib, A., Forsyth, C.B., Mutlu, E., 

Shannon, K.M., 2015. Colonic bacterial composition in Parkinson’s disease. Movement 

Disorders 30, 1351–1360. https://doi.org/10.1002/mds.26307 

Kim, C.S., Cha, L., Sim, M., Jung, S., Chun, W.Y., Baik, H.W., Shin, D.M., 2021. Probiotic 

supplementation improves cognitive function and mood with changes in gut microbiota in 

community- dwelling older adults: A randomized, double-blind, placebo-controlled, 

multicenter trial. Journals of Gerontology - Series A Biological Sciences and Medical Sciences 

76, 32–40. https://doi.org/10.1093/GERONA/GLAA090 

Kim, E.S., Weon, J.B., Yun, B.-R., Lee, J., Eom, M.R., Oh, K.-H., Ma, C.J., 2014. Cognitive 

Enhancing and Neuroprotective Effect of the Embryo of the Nelumbo nucifera Seed. Evidence-

Based Complementary and Alternative Medicine 2014, 1–9. 

https://doi.org/10.1155/2014/869831 

Kobayashi, Y., Kuhara, T., Oki, M., Xiao, J.Z., 2019. Effects of bifidobacterium breve a1 on the 

cognitive function of older adults with memory complaints: A randomised, double-blind, 

placebo-controlled trial. Benef Microbes 10, 511–520. https://doi.org/10.3920/BM2018.0170 

Koch, H.J., Szecsey, A., Haen, E., 2004. NMDA-antagonism (memantine): an alternative 

pharmacological therapeutic principle in Alzheimer’s and vascular dementia. Curr Pharm Des 

10, 253–9. 

Koetter, U., Barrett, M., Lacher, S., Abdelrahman, A., Dolnick, D., 2009. Interactions of Magnolia 

and Ziziphus extracts with selected central nervous system receptors. J Ethnopharmacol 124, 

421–425. https://doi.org/10.1016/J.JEP.2009.05.040 

Kowalski, K., Mulak, A., 2019. Brain-gut-microbiota axis in Alzheimer’s disease. J 

Neurogastroenterol Motil 25, 48–60. https://doi.org/10.5056/jnm18087 



References 
 

 
 

 156 

Kuboyama, T., Tohda, C., Komatsu, K., 2005. Neuritic regeneration and synaptic reconstruction 

induced by withanolide A. Br J Pharmacol 144, 961–971. 

https://doi.org/10.1038/SJ.BJP.0706122 

Kullisaar, T., Zilmer, M., Mikelsaar, M., Vihalemm, T., Annuk, H., Kairane, C., Kilk, A., 2002. 

Two antioxidative lactobacilli strains as promising probiotics. Int J Food Microbiol 72, 215–

224. https://doi.org/10.1016/S0168-1605(01)00674-2 

Kumar, Ashwini, Nisha, C.M., Silakari, C., Sharma, I., Anusha, K., Gupta, N., Nair, P., Tripathi, 

T., Kumar, Awanish, 2016. Current and novel therapeutic molecules and targets in Alzheimer’s 

disease. Journal of the Formosan Medical Association 115, 3–10. 

https://doi.org/10.1016/j.jfma.2015.04.001 

Kumar, Rakesh, Kumar, Rajan, Anand, A., Sharma, N., Khurana, N., 2019. Pharmacological 

Management of Alzheimer’s Disease, in: Advances in Neuropharmacology. Apple Academic 

Press, pp. 133–149. 

Kumar, Rakesh, Kumar, Rajan, Sharma, N., Khurana, N., 2021. Ameliorative effect of myrcene in 

mouse model of Alzheimer’s disease. Eur J Pharmacol 911, 174529. 

https://doi.org/10.1016/J.EJPHAR.2021.174529 

Kuribara, H., Kishi, E., Hattori, N., Okada, M., Maruyama, Y., 2000. The anxiolytic effect of two 

oriental herbal drugs in Japan attributed to honokiol from magnolia bark. J Pharm Pharmacol 

52, 1425–1429. https://doi.org/10.1211/0022357001777432 

LeBlanc, J.G., del Carmen, S., Miyoshi, A., Azevedo, V., Sesma, F., Langella, P., Bermúdez-

Humarán, L.G., Watterlot, L., Perdigon, G., de Moreno de LeBlanc, A., 2011. Use of 

superoxide dismutase and catalase producing lactic acid bacteria in TNBS induced Crohn’s 

disease in mice. J Biotechnol 151, 287–293. https://doi.org/10.1016/j.jbiotec.2010.11.008 



References 
 

 
 

 157 

Lee, J., Hwang, K.T., Chung, M.Y., Cho, D.H., Park, C.S., 2005. Resistance of Lactobacillus casei 

KCTC 3260 to reactive oxygen species (ROS): Role for a metal ion chelating effect. J Food 

Sci 70, m388–m391. https://doi.org/10.1111/j.1365-2621.2005.tb11524.x 

Lee, S.-T., Chu, K., Sim, J.-Y., Heo, J.-H., Kim, M., 2008. Panax Ginseng Enhances Cognitive 

Performance in Alzheimer Disease. Alzheimer Dis Assoc Disord 22, 222–226. 

https://doi.org/10.1097/WAD.0b013e31816c92e6 

Leger, M., Quiedeville, A., Bouet, V., Haelewyn, B., Boulouard, M., Schumann-Bard, P., Freret, 

T., 2013. Object recognition test in mice. Nature Protocols 2013 8:12 8, 2531–2537. 

https://doi.org/10.1038/nprot.2013.155 

Li, H., Zheng, L., Chen, C., Liu, X., Zhang, W., 2019. Brain Senescence Caused by Elevated Levels 

of Reactive Metabolite Methylglyoxal on D-Galactose-Induced Aging Mice. Front Neurosci 

13, 1004. https://doi.org/10.3389/FNINS.2019.01004/BIBTEX 

Li, X., Feng, X., Sun, X., Hou, N., Han, F., Liu, Y., 2022. Global, regional, and national burden of 

Alzheimer’s disease and other dementias, 1990–2019. Front Aging Neurosci 14, 1120. 

https://doi.org/10.3389/FNAGI.2022.937486/BIBTEX 

Li, X., Zheng, P., Cao, W., Cao, Y., She, X., Yang, H., Ma, K., Wu, F., Gao, X., Fu, Y., Yin, J., 

Wei, F., Jiang, S., Cui, B., 2023. Lactobacillus rhamnosus GG ameliorates noise-induced 

cognitive deficits and systemic inflammation in rats by modulating the gut-brain axis. Front 

Cell Infect Microbiol 13, 1067367. https://doi.org/10.3389/FCIMB.2023.1067367/BIBTEX 

Lin, M.Y., Yen, C.L., 1999. Antioxidative ability of lactic acid bacteria. J Agric Food Chem 47, 

1460–1466. https://doi.org/10.1021/jf981149l 

Lin, S.P., Hou, Y.C., Liao, T.Y., Tsai, S.Y., 2014. Enhancing the bioavailability of magnolol in 

rabbits using melting solid dispersion with polyvinylpyrrolidone. Drug Dev Ind Pharm 40, 

330–337. https://doi.org/10.3109/03639045.2012.760580 



References 
 

 
 

 158 

Lin, S.P., Tsai, S.Y., Lee Chao, P.D., Chen, Y.C., Hou, Y.C., 2011. Pharmacokinetics, 

bioavailability, and tissue distribution of magnolol following single and repeated dosing of 

magnolol to rats. Planta Med 77, 1800–1805. https://doi.org/10.1055/s-0030-1271159 

Lindsay, R.M., 1988. Nerve growth factors (NGF, BDNF) enhance axonal regeneration but are not 

required for survival of adult sensory neurons. Journal of Neuroscience 8, 2394–2405. 

https://doi.org/10.1523/jneurosci.08-07-02394.1988 

Louneva, N., Cohen, J.W., Han, L.Y., Talbot, K., Wilson, R.S., Bennett, D.A., Trojanowski, J.Q., 

Arnold, S.E., 2008. Caspase-3 Is Enriched in Postsynaptic Densities and Increased in 

Alzheimer’s Disease. Am J Pathol 173, 1488. https://doi.org/10.2353/AJPATH.2008.080434 

Lu, B., Nagappan, G., Lu, Y., 2014. BDNF and synaptic plasticity, cognitive function, and 

dysfunction. Handb Exp Pharmacol 220, 223–250. https://doi.org/10.1007/978-3-642-45106-

5_9 

Lueptow, L.M., 2017a. Novel object recognition test for the investigation of learning and memory 

in mice. Journal of Visualized Experiments 2017, 55718. https://doi.org/10.3791/55718 

Lueptow, L.M., 2017b. Novel Object Recognition Test for the Investigation of Learning and 

Memory in Mice. J Vis Exp 2017, 55718. https://doi.org/10.3791/55718 

Magnolol-PubChem [WWW Document], 2020. URL 

https://pubchem.ncbi.nlm.nih.gov/compound/72300 (accessed 10.29.20). 

Ma, X., Shin, Y.J., Jang, H.M., Joo, M.K., Yoo, J.W., Kim, D.H., 2021. Lactobacillus rhamnosus 

and Bifidobacterium longum alleviate colitis and cognitive impairment in mice by regulating 

IFN-γ to IL-10 and TNF-α to IL-10 expression ratios. Scientific Reports 2021 11:1 11, 1–16. 

https://doi.org/10.1038/s41598-021-00096-x 

 



References 
 

 
 

 159 

Mallikarjuna, N., Kukkarasapalli, P., Kuna, Y., 2016. Role of Lactobacillus plantarum MTCC1325 

in membrane-bound transport ATPases system in Alzheimer’s disease-induced rat brain. 

BioImpacts 6, 203–209. https://doi.org/10.15171/bi.2016.27 

Malouf, R., Collins, H., 2009. Tramiprosate (Alzhemed) for Alzheimer’s disease, in: Malouf, R. 

(Ed.), Cochrane Database of Systematic Reviews. John Wiley & Sons, Ltd, Chichester, UK. 

https://doi.org/10.1002/14651858.CD007549 

Marotta, A., Sarno, E., Casale, A. Del, Pane, M., Mogna, L., Amoruso, A., Felis, G.E., Fiorio, M., 

2019. Effects of probiotics on cognitive reactivity, mood, and sleep quality. Front Psychiatry 

10, 164. https://doi.org/10.3389/fpsyt.2019.00164 

Mattia, A., Antonia Mattia, D., Cho, S., Healthcare, E., 1997. GRN 000637 Subject: GRAS Notice 

for Phosphatidylserine derived from Soy Lecithin GRAS EXEMPTION CLAIM for BioPS ® 

Manufactured by ECA Healthcare, Federal Register. 

Mayer, E.A., Padua, D., Tillisch, K., 2014. Altered brain-gut axis in autism: Comorbidity or 

causative mechanisms? BioEssays 36, 933–939. https://doi.org/10.1002/bies.201400075 

McGleenon, B.M., Dynan, K.B., Passmore, A.P., 1999. Acetylcholinesterase inhibitors in 

Alzheimer’s disease. Br J Clin Pharmacol 48, 471–480. https://doi.org/10.1046/j.1365-

2125.1999.00026.x 

Meng, G., Meng, X., Ma, X., Zhang, G., Hu, X., Jin, A., Zhao, Y., Liu, X., 2018. Application of 

ferulic acid for alzheimer’s disease: Combination of text mining and experimental validation. 

Front Neuroinform 12, 31. https://doi.org/10.3389/fninf.2018.00031 

Mesole, S.B., Alfred, O.O., Yusuf, U.A., Lukubi, L., Ndhlovu, D., 2020. Apoptotic Inducement of 

Neuronal Cells by Aluminium Chloride and the Neuroprotective Effect of Eugenol in Wistar 

Rats. Oxid Med Cell Longev 2020. https://doi.org/10.1155/2020/8425643 



References 
 

 
 

 160 

Mishra, S., Palanivelu, K., 2008. The effect of curcumin ( turmeric ) on Alzheimer ’ s disease : An 

overview Introduction Curcumin and Alzheimer ’ s Disease Epidemiological Studies 

Curcumin as an Anti Inflammatory in Alzheimer ’ s Curcumin as an Anti-oxidant. Ann Indian 

Acad Neurol 11, 13–19. https://doi.org/10.4103/0972-2327.40220 

Molinuevo, J. L., Lladó, A., Rami, L., 2005. Memantine: Targeting glutamate excitotoxicity in 

Alzheimer’s disease and other dementias. Am J Alzheimers Dis Other Demen 20, 77–85. 

https://doi.org/10.1177/153331750502000206 

Molinuevo, J L, Lladó, A., Rami, L., 2005. Memantine: Targeting glutamate excitotoxicity in 

Alzheimer’s disease and other dementias. Am J Alzheimers Dis Other Demen 20, 77–85. 

https://doi.org/10.1177/153331750502000206 

Montacute, R., Foley, K., Forman, R., Else, K.J., Cruickshank, S.M., Allan, S.M.R., 2017. Enhanced 

susceptibility of triple transgenic Alzheimer’s disease (3xTg-AD) mice to acute infection. J 

Neuroinflammation 14, 1–13. https://doi.org/10.1186/s12974-017-0826-5 

Morais, L.H., Schreiber, H.L., Mazmanian, S.K., 2021. The gut microbiota–brain axis in behaviour 

and brain disorders. Nat Rev Microbiol. https://doi.org/10.1038/s41579-020-00460-0 

Mori, T., Koyama, N., Guillot-Sestier, M.V., Tan, J., Town, T., 2013. Ferulic Acid Is a Nutraceutical 

β-Secretase Modulator That Improves Behavioral Impairment and Alzheimer-like Pathology 

in Transgenic Mice. PLoS One 8. https://doi.org/10.1371/journal.pone.0055774 

Morley, J.E., Armbrecht, H.J., Farr, S.A., Kumar, V.B., 2012. The senescence accelerated mouse 

(SAMP8) as a model for oxidative stress and Alzheimer’s disease. Biochimica et Biophysica 

Acta (BBA) - Molecular Basis of Disease 1822, 650–656. 

https://doi.org/10.1016/j.bbadis.2011.11.015 

Morris, R.G.M., 1981. Spatial localization does not require the presence of local cues. Learn Motiv 

12, 239–260. https://doi.org/10.1016/0023-9690(81)90020-5 



References 
 

 
 

 161 

Moumen, R., Ait-Oukhatar, N., Bureau, F., Fleury, C., Bouglé, D., Arhan, P., Neuville, D., Viader, 

F., 2001. Aluminium increases xanthine oxidase activity and disturbs antioxidant status in the 

rat. Journal of Trace Elements in Medicine and Biology 15, 89–93. 

https://doi.org/10.1016/S0946-672X(01)80049-3 

Muller, J.P., Bruinink, A., 1994. Neurotoxic effects of aluminium on embryonic chick brain 

cultures. Acta Neuropathol 88, 359–366. https://doi.org/10.1007/BF00310380 

Nabavi, S., Devi, K., Malar, D., Sureda, A., Daglia, M., Nabavi, S., 2015. Ferulic Acid and 

Alzheimer’s Disease: Promises and Pitfalls. Mini-Reviews in Medicinal Chemistry 15, 776–

788. https://doi.org/10.2174/1389557515666150522102545 

Naseribafrouei, A., Hestad, K., Avershina, E., Sekelja, M., Linløkken, A., Wilson, R., Rudi, K., 

2014. Correlation between the human fecal microbiota and depression. Neurogastroenterology 

and Motility 26, 1155–1162. https://doi.org/10.1111/nmo.12378 

Nazari, Q.A., Kume, T., Takada-Takatori, Y., Izumi, Y., Akaike, A., 2013. Protective effect of 

luteolin on an oxidative-stress model induced by microinjection of sodium nitroprusside in 

mice. J Pharmacol Sci 122, 109–17. 

NIH National Institute on Aging, 2017a. About Alzheimer’s Disease: Diagnosis | National Institute 

on Aging [WWW Document]. URL https://www.nia.nih.gov/alzheimers/topics/diagnosis/ 

(accessed 3.6.17). 

NIH National Institute on Aging, 2017b. About Alzheimer’s Disease: Treatment | National Institute 

on Aging [WWW Document]. URL https://www.nia.nih.gov/alzheimers/topics/treatment 

(accessed 3.6.17). 

Nimgampalle, M., Kuna, Y., 2017. Anti-Alzheimer Properties of Probiotic, Lactobacillus plantarum 

MTCC 1325 in Alzheimer’s Disease induced Albino Rats. J Clin Diagn Res 11, KC01–KC05. 

https://doi.org/10.7860/JCDR/2017/26106.10428 



References 
 

 
 

 162 

Nitta, A., Itoh, A., Hasegawa, T., Nabeshima, T., 1994. β-Amyloid protein-induced Alzheimer’s 

disease animal model. Neurosci Lett 170, 63–66. https://doi.org/10.1016/0304-

3940(94)90239-9 

NLM Toxnet Toxicity Data Network, 2015. VANILLIN - National Library of Medicine HSDB 

Database [WWW Document]. HSDB. URL https://toxnet.nlm.nih.gov/cgi-

bin/sis/search/a?dbs+hsdb:@term+@DOCNO+1027 (accessed 5.11.17). 

Obulesu, M., Rao, D., 2011. Effect of plant extracts on Alzheimer′s disease: An insight into 

therapeutic avenues. J Neurosci Rural Pract 2, 56–61. https://doi.org/10.4103/0976-

3147.80102 

Oddo, S., 2008. The ubiquitin-proteasome system in Alzheimer’s disease. J Cell Mol Med 12, 363–

73. https://doi.org/10.1111/j.1582-4934.2008.00276.x 

Ogura, H., Kosasa, T., Kuriya, Y., Yamanishi, Y., 2000. Donepezil, a centrally acting 

acetylcholinesterase inhibitor, alleviates learning deficits in hypocholinergic models in rats. 

Methods Find Exp Clin Pharmacol 22, 89–95. 

Ohkawa, H., Ohishi, N., Yagi, K., 1979. Assay for lipid peroxides in animal tissues by thiobarbituric 

acid reaction. Anal Biochem 95, 351–358. https://doi.org/10.1016/0003-2697(79)90738-3 

Olivares, D., Deshpande, V.K., Shi, Y., Lahiri, D.K., Greig, N.H., Rogers, J.T., Huang, X., 2012. 

N-methyl D-aspartate (NMDA) receptor antagonists and memantine treatment for Alzheimer’s 

disease, vascular dementia and Parkinson’s disease. Curr Alzheimer Res 9, 746–758. 

https://doi.org/BSP/CAR /0211 [pii] 

Ono, K., Hirohata, M., Yamada, M., 2005. Ferulic acid destabilizes preformed β-amyloid fibrils in 

vitro. Biochem Biophys Res Commun 336, 444–449. 

https://doi.org/10.1016/j.bbrc.2005.08.148 



References 
 

 
 

 163 

Parle, M., Dhingra, D., Kulkarni, S.K., 2004. Memory-Strengthening Activity of Glycyrrhiza glabra 

in Exteroceptive and Interoceptive Behavioral Models. J Med Food 7, 462–466. 

https://doi.org/10.1089/jmf.2004.7.462 

Perl, D.P., 2010. Neuropathology of Alzheimer ’ s Disease. Mt Sinai J Med 77, 32–42. 

https://doi.org/10.1002/msj.20157.Neuropathology 

Perry, N., Court, G., Bidet, N., Court, J., Perry, E., 1996. EUROPEAN HERBS WITH 

CHOLINERGIC ACTIVITIES: POTENTIAL IN DEMENTIA THERAPY. Int J Geriatr 

Psychiatry 11, 1063–1069. https://doi.org/10.1002/(SICI)1099-

1166(199612)11:12<1063::AID-GPS532>3.0.CO;2-1 

Petersen, R.C., Smith, G.E., Waring, S.C., Ivnik, R.J., Tangalos, E.G., Kokmen, E., 1999. Mild 

cognitive impairment: clinical characterization and outcome. Arch Neurol 56, 303–8. 

Platt, B., Fiddler, G., Riedel, G., Henderson, Z., 2001. Aluminium toxicity in the rat brain: 

histochemical and immunocytochemical evidence. Brain Res Bull 55, 257–67. 

Poivre, M., Duez, P., 2017. Biological activity and toxicity of the Chinese herb Magnolia officinalis 

Rehder & E. Wilson (Houpo) and its constituents. J Zhejiang Univ Sci B 18, 194. 

https://doi.org/10.1631/JZUS.B1600299 

Rafii, M., Walsh, S., Little, J., Behan, K., Reynolds, B., Ward, C., Jin, S., Thomas, R., Aisen, P., 

2011. A phase II trial of huperzine A in mild to moderate Alzheimer disease. Neurology 76, 

1389–1394. 

Rakoff-Nahoum, S., Paglino, J., Eslami-Varzaneh, F., Edberg, S., Medzhitov, R., 2004. Recognition 

of commensal microflora by toll-like receptors is required for intestinal homeostasis. Cell 118, 

229–241. https://doi.org/10.1016/j.cell.2004.07.002 



References 
 

 
 

 164 

Ramachandra Rao, S., Ravishankar, G., 2000. Vanilla flavour: production by conventional and 

biotechnological routes. J Sci Food Agric 80, 289–304. https://doi.org/10.1002/1097-

0010(200002)80:3<289::AID-JSFA543>3.0.CO;2-2 

Ranadive, A.S., 1992. Vanillin and related flavor compounds in vanilla extracts made from beans 

of various global origins. J Agric Food Chem 40, 1922–1924. 

https://doi.org/10.1021/jf00022a039 

Ranaware, A.M., Banik, K., Deshpande, V., Padmavathi, G., Roy, N.K., Sethi, G., Fan, L., Kumar, 

A.P., Kunnumakkara, A.B., 2018. Magnolol: A neolignan from the Magnolia family for the 

prevention and treatment of cancer. Int J Mol Sci. https://doi.org/10.3390/ijms19082362 

Rao, R. V, Descamps, O., John, V., Bredesen, D.E., 2012. Ayurvedic medicinal plants for Alzheimer 

’ s disease : a review 1–9. https://doi.org/10.1186/alzrt125 

Regen, F., Hellmann-Regen, J., Costantini, E., Reale, M., 2017. Neuroinflammation and 

Alzheimer’s Disease: Implications for Microglial Activation. Curr Alzheimer Res 14. 

https://doi.org/10.2174/1567205014666170203141717 

Reisberg, B., Doody, R., Stoffler, A., Schmitt, F., Ferris, S., Mobius, H.J., 2003a. Memantine in 

moderate-to-severe Alzheimer’s disease. N. Engl. J. Med. 348, 1333–1341. 

https://doi.org/10.1056/NEJMoa013128 

Reisberg, B., Doody, R., Stoffler, A., Schmitt, F., Ferris, S., Mobius, H.J., 2003b. Memantine in 

moderate-to-severe Alzheimer’s disease. N. Engl. J. Med. 348, 1333–1341. 

https://doi.org/10.1056/NEJMoa013128 

Riederer, B.M., Leuba, G., Vernay, A., Riederer, I.M., 2011. The role of the ubiquitin proteasome 

system in Alzheimer’s disease. Exp Biol Med 236, 268–276. 

https://doi.org/10.1258/ebm.2010.010327 



References 
 

 
 

 165 

Rohn, T.T., 2010. The role of caspases in Alzheimer’s disease; potential novel therapeutic 

opportunities. Apoptosis 15, 1403–1409. https://doi.org/10.1007/S10495-010-0463-2 

Ross, J.M., Olson, L., Coppotelli, G., 2015. Mitochondrial and Ubiquitin Proteasome System 

Dysfunction in Ageing and Disease: Two Sides of the Same Coin? Int J Mol Sci 16, 19458–

76. https://doi.org/10.3390/ijms160819458 

S. E., P.K., Bairy, K.L., Nayak, V., Reddy, S.K., Kiran, A., Ballal, A., 2019. Amelioration of 

aluminium chloride (AlCl3) induced neurotoxicity by combination of rivastigmine and 

memantine with artesunate in Albino Wistar rats. Biomedical and Pharmacology Journal 12, 

703–711. https://doi.org/10.13005/BPJ/1692 

Sadigh-Eteghad, S., Sabermarouf, B., Majdi, A., Talebi, M., Farhoudi, M., Mahmoudi, J., 2015. 

Amyloid-beta: a crucial factor in Alzheimer’s disease. Med Princ Pract 24, 1–10. 

https://doi.org/10.1159/000369101 

Sanborn, V., Azcarate-Peril, M.A., Updegraff, J., Manderino, L., Gunstad, J., 2020. Randomized 

Clinical Trial Examining the Impact of Lactobacillus rhamnosus GG Probiotic 

Supplementation on Cognitive Functioning in Middle-aged and Older Adults. Neuropsychiatr 

Dis Treat 16, 2765. https://doi.org/10.2147/NDT.S270035 

Savitz, J., 2020. The kynurenine pathway: a finger in every pie. Mol Psychiatry. 

https://doi.org/10.1038/s41380-019-0414-4 

Scheperjans, F., Aho, V., Pereira, P.A.B., Koskinen, K., Paulin, L., Pekkonen, E., Haapaniemi, E., 

Kaakkola, S., Eerola-Rautio, J., Pohja, M., Kinnunen, E., Murros, K., Auvinen, P., 2015. Gut 

microbiota are related to Parkinson’s disease and clinical phenotype. Movement Disorders 30, 

350–358. https://doi.org/10.1002/mds.26069 

Segers, M.E., Lebeer, S., 2014. Towards a better understanding of Lactobacillus rhamnosus GG - 

host interactions. Microb Cell Fact 13, S7. https://doi.org/10.1186/1475-2859-13-S1-S7 



References 
 

 
 

 166 

Seidl, C., Correia, B.L., Stinghen, A.E.M., Santos, C.A.M., 2010. Acetylcholinesterase inhibitory 

activity of uleine from Himatanthus lancifolius. Z Naturforsch C J Biosci 65, 440–444. 

Seidl, C., de Moraes Santos, C., De Simone, A., Bartolini, M., Weffort-Santos, A., Andrisano, V., 

2016. Uleine disrupts key enzymatic and non-enzymatic biomarkers that leads to Alzheimer’s 

disease. Curr Alzheimer Res 14, 1–10. https://doi.org/10.2174/1567205013666161026150455 

Seth, A., Yan, F., Polk, D.B., Rao, R.K., 2008. Probiotics ameliorate the hydrogen peroxide-induced 

epithelial barrier disruption by a PKC- and MAP kinase-dependent mechanism. Am J Physiol 

Gastrointest Liver Physiol 294. https://doi.org/10.1152/AJPGI.00202.2007 

Sgarbossa, A., Giacomazza, D., Di Carlo, M., 2015. Ferulic acid: A hope for Alzheimer’s disease 

therapy from plants. Nutrients. https://doi.org/10.3390/nu7075246 

Sharma, R., Kapila, R., Dass, G., Kapila, S., 2014. Improvement in Th1/Th2 immune homeostasis, 

antioxidative status and resistance to pathogenic E. coli on consumption of probiotic 

Lactobacillus rhamnosus fermented milk in aging mice. Age (Omaha) 36, 1–17. 

https://doi.org/10.1007/s11357-014-9686-4 

Sheng, Y.L., Xu, J.H., Shi, C.H., Li, W., Xu, H.Y., Li, N., Zhao, Y.Q., Zhang, X.R., 2014. UPLC-

MS/MS-ESI assay for simultaneous determination of magnolol and honokiol in rat plasma: 

Application to pharmacokinetic study after administration emulsion of the isomer. J 

Ethnopharmacol 155, 1568–1574. https://doi.org/10.1016/j.jep.2014.07.052 

Shukla, P.K., Khanna, V.K., Ali, M.M., Maurya, R.R., Handa, S.S., Srimal, R.C., 2002. Protective 

effect of Acorus calamus against acrylamide induced neurotoxicity. Phytotherapy Research 16, 

256–260. https://doi.org/10.1002/ptr.854 

Shunan, D., Yu, M., Guan, H., Zhou, Y., 2021. Neuroprotective effect of Betalain against AlCl3-

induced Alzheimer’s disease in Sprague Dawley Rats via putative modulation of oxidative 



References 
 

 
 

 167 

stress and nuclear factor kappa B (NF-κB) signaling pathway. Biomedicine & 

Pharmacotherapy 137, 111369. https://doi.org/10.1016/J.BIOPHA.2021.111369 

Shwe, T., Pratchayasakul, W., Chattipakorn, N., Chattipakorn, S.C., 2018. Role of D-galactose-

induced brain aging and its potential used for therapeutic interventions. Exp Gerontol 101, 13–

36. https://doi.org/10.1016/J.EXGER.2017.10.029 

Singh, M., Kaur, M., Kukreja, H., Chugh, R., Silakari, O., Singh, D., 2013. Acetylcholinesterase 

inhibitors as Alzheimer therapy: From nerve toxins to neuroprotection. Eur J Med Chem 70, 

165–188. https://doi.org/10.1016/j.ejmech.2013.09.050 

Singhal, A., Bangar, O., Naithani, V., 2012. Medicinal plants with a potential to treat Alzheimer 

and associated symptoms. Int J Nutr Pharmacol Neurol Dis 2, 84. https://doi.org/10.4103/2231-

0738.95927 

Sinha, A.K., Sharma, U.K., Sharma, N., 2008. A comprehensive review on vanilla flavor: 

Extraction, isolation and quantification of vanillin and others constituents. Int J Food Sci Nutr 

59, 299–326. https://doi.org/10.1080/09687630701539350 

Skalny, A., Aschner, M., Jiang, Y., Gluhcheva, Y., Tizabi, Y., Lobinski, R., Tinkov, A., Skalny, A. 

V, Gluhcheva, Y.G., Tinkov, A.A., 2021. Molecular mechanisms of aluminum neurotoxicity: 

Update on adverse effects and therapeutic strategies 10. 

https://doi.org/10.1016/bs.ant.2020.12.001ï 

Song, S., Ma, X., Zhou, Y., Xu, M., Shuang, S., Dong, C., 2016a. Studies on the interaction between 

vanillin and β-Amyloid protein via fluorescence spectroscopy and atomic force microscopy. 

Chem Res Chin Univ 32, 172–177. https://doi.org/10.1007/s40242-016-5347-8 

Song, S., Ma, X., Zhou, Y., Xu, M., Shuang, S., Dong, C., 2016b. Studies on the interaction between 

vanillin and β-Amyloid protein via fluorescence spectroscopy and atomic force microscopy. 

Chem Res Chin Univ 32, 172–177. https://doi.org/10.1007/s40242-016-5347-8 



References 
 

 
 

 168 

Song, Y., Liu, C., Finegold, S.M., 2004. Real-time PCR quantitation of clostridia in feces of autistic 

children. Appl Environ Microbiol 70, 6459–6465. https://doi.org/10.1128/AEM.70.11.6459-

6465.2004 

Stilling, R.M., Dinan, T.G., Cryan, J.F., 2014. Microbial genes, brain & behaviour - epigenetic 

regulation of the gut-brain axis. Genes Brain Behav 13, 69–86. 

https://doi.org/10.1111/gbb.12109 

Stone, T.W., Perkins, M.N., 1981. QUINOLINIC ACID: A POTENT ENDOGENOUS EXCITANT 

AT AMINO ACID RECEPTORS IN CNS. Eur J Pharmacol 72, 411–412. 

Tabet, N., 2006. Acetylcholinesterase inhibitors for Alzheimer’s disease: Anti-inflammatories in 

acetylcholine clothing! Age Ageing 35, 336–338. https://doi.org/10.1093/ageing/afl027 

Tao, W., Hu, Yuwen, Chen, Z., Dai, Y., Hu, Yue, Qi, M., 2021. Magnolol attenuates depressive-

like behaviors by polarizing microglia towards the M2 phenotype through the regulation of 

Nrf2/HO-1/NLRP3 signaling pathway. Phytomedicine 91. 

https://doi.org/10.1016/J.PHYMED.2021.153692 

Thaipisuttikul, P., Galvin, J.E., 2012. Use of medical foods and nutritional approches in the 

treatment of AD. Clin pract 9, 199–209. https://doi.org/10.2217/cpr.12.3.Use 

Ticinesi, A., Lauretani, F., Tana, C., Nouvenne, A., Ridolo, E., Meschi, T., 2019. Exercise and 

immune system as modulators of intestinal microbiome: Implications for the gut-muscle axis 

hypothesis. Exerc Immunol Rev 25, 84–95. 

Tuokko, H., Frerichs, R.J., 2000. Cognitive Impairment with No Dementia (CIND): Longitudinal 

Studies, the Findings, and the Issues. Clin Neuropsychol 14, 504–525. 

https://doi.org/10.1076/clin.14.4.504.7200 

U.S. FDA, 2016. CFR - Code of Federal Regulations Title 21 [WWW Document]. U.S. Department 

of Health & Human Services. URL 



References 
 

 
 

 169 

https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?fr=182.60 

(accessed 5.11.17). 

U.S. National Library of Medicine, 2020. ChemIDplus-Magnolol [WWW Document]. URL 

https://chem.nlm.nih.gov/chemidplus/sid/0000528438 (accessed 10.30.20). 

US-CDC, 2022. What is Alzheimer’s Disease? | CDC [WWW Document]. URL 

https://www.cdc.gov/aging/aginginfo/alzheimers.htm#burden (accessed 11.8.22). 

Valladares, R., Bojilova, L., Potts, A.H., Cameron, E., Gardner, C., Lorca, G., Gonzalez, C.F., 2013. 

Lactobacillus johnsonii inhibits indoleamine 2,3-dioxygenase and alters tryptophan metabolite 

levels in BioBreeding rats. FASEB Journal 27, 1711–1720. https://doi.org/10.1096/fj.12-

223339 

Varesi, A., Pierella, E., Romeo, M., Piccini, G.B., Alfano, C., Bjørklund, G., Oppong, A., Ricevuti, 

G., Esposito, C., Chirumbolo, S., Pascale, A., 2022. The Potential Role of Gut Microbiota in 

Alzheimer’s Disease: From Diagnosis to Treatment. Nutrients 14. 

https://doi.org/10.3390/NU14030668 

Vassar, R., Kovacs, D.M., Yan, R., Wong, P.C., 2009. Symposium: The β-Secretase Enzyme BACE 

in Health and Alzheimer’s Disease: Regulation, Cell Biology, Function, and Therapeutic 

Potential. The Journal of Neuroscience 29, 12787. https://doi.org/10.1523/JNEUROSCI.3657-

09.2009 

Vogt, N.M., Kerby, R.L., Dill-McFarland, K.A., Harding, S.J., Merluzzi, A.P., Johnson, S.C., 

Carlsson, C.M., Asthana, S., Zetterberg, H., Blennow, K., Bendlin, B.B., Rey, F.E., 2017. Gut 

microbiome alterations in Alzheimer’s disease. Sci Rep 7. https://doi.org/10.1038/s41598-017-

13601-y 

Vohora, S.B., Shah, S.A., Dandiya, P.C., 1990. Central nervous system studies on an ethanol extract 

of Acorus calamus rhizomes. J Ethnopharmacol 28, 53–62. 



References 
 

 
 

 170 

Vorhees, C. V., Williams, M.T., 2014. Assessing spatial learning and memory in rodents. ILAR J 

55, 310–332. https://doi.org/10.1093/ilar/ilu013 

Vorhees, C. V, Williams, M.T., 2006. Morris water maze: procedures for assessing spatial and 

related forms of learning and memory. Nat Protoc 1, 848–58. 

https://doi.org/10.1038/nprot.2006.116 

Wang, A.N., Yi, X.W., Yu, H.F., Dong, B., Qiao, S.Y., 2009. Free radical scavenging activity of 

Lactobacillus fermentum in vitro and its antioxidative effect on growing-finishing pigs. J Appl 

Microbiol 107, 1140–1148. https://doi.org/10.1111/j.1365-2672.2009.04294.x 

Wang, Yang, Wu, Y., Wang, Yibing, Fu, A., Gong, L., Li, W., Li, Y., 2017a. Bacillus 

amyloliquefaciens SC06 alleviates the oxidative stress of IPEC-1 via modulating Nrf2/Keap1 

signaling pathway and decreasing ROS production. Appl Microbiol Biotechnol 101, 3015–

3026. https://doi.org/10.1007/s00253-016-8032-4 

Wang, Yang, Wu, Y., Wang, Yuanyuan, Xu, H., Mei, X., Yu, D., Wang, Yibing, Li, W., 2017b. 

Antioxidant properties of probiotic bacteria. Nutrients. https://doi.org/10.3390/nu9050521 

Wang, Yang, Wu, Y., Wang, Yuanyuan, Xu, H., Mei, X., Yu, D., Wang, Yibing, Li, W., 2017c. 

Antioxidant Properties of Probiotic Bacteria. Nutrients 9. https://doi.org/10.3390/NU9050521 

Wei, Y., Liu, D., Zheng, Y., Li, H., Hao, C., Ouyang, W., 2017. Protective effects of kinetin against 

aluminum chloride and D -galactose induced cognitive impairment and oxidative damage in 

mouse. Brain Res Bull 134, 262–272. https://doi.org/10.1016/j.brainresbull.2017.08.014 

Westfall, S., Lomis, N., Kahouli, I., Dia, S.Y., Singh, S.P., Prakash, S., 2017. Microbiome, 

probiotics and neurodegenerative diseases: deciphering the gut brain axis. Cellular and 

Molecular Life Sciences. https://doi.org/10.1007/s00018-017-2550-9 

World Health Organization, 2023. Dementia [WWW Document]. URL https://www.who.int/news-

room/fact-sheets/detail/dementia (accessed 7.10.23). 



References 
 

 
 

 171 

Wright, T.M., 2006. Tramiprosate. Drugs of Today 42, 291. 

https://doi.org/10.1358/dot.2006.42.5.973584 

Xian, Y.F., Qu, C., Liu, Y., Ip, S.P., Yuan, Q.J., Yang, W., Lin, Z.X., 2020. Magnolol Ameliorates 

Behavioral Impairments and Neuropathology in a Transgenic Mouse Model of Alzheimer’s 

Disease. Oxid Med Cell Longev 2020. https://doi.org/10.1155/2020/5920476 

Xiao, F., Li, X.-G., Zhang, X.-Y., Hou, J.-D., Lin, L.-F., Gao, Q., Luo, H.-M., 2011a. Combined 

administration of D-galactose and aluminium induces Alzheimer-like lesions in brain. 

Neurosci Bull 27, 143–155. https://doi.org/10.1007/s12264-011-1028-2 

Xiao, F., Li, X.-G., Zhang, X.-Y., Hou, J.-D., Lin, L.-F., Gao, Q., Luo, H.-M., 2011b. Combined 

administration of D-galactose and aluminium induces Alzheimer-like lesions in brain. 

Neurosci Bull 27, 143–155. https://doi.org/10.1007/s12264-011-1028-2 

Xiao, F., Li, X.-G., Zhang, X.-Y., Hou, J.-D., Lin, L.-F., Gao, Q., Luo, H.-M., 2011c. Combined 

administration of D-galactose and aluminium induces Alzheimer-like lesions in brain. 

Neurosci Bull 27, 143–155. https://doi.org/10.1007/s12264-011-1028-2 

Xie, Z., Zhao, J., Wang, H., Jiang, Y., Yang, Q., Fu, Y., Zeng, H., Hölscher, C., Xu, J., Zhang, Z., 

2020. Magnolol alleviates Alzheimer’s disease-like pathology in transgenic C. elegans by 

promoting microglia phagocytosis and the degradation of beta-amyloid through activation of 

PPAR-γ. Biomedicine & Pharmacotherapy 124, 109886. 

https://doi.org/10.1016/J.BIOPHA.2020.109886 

Xing, Z., He, Z., Wang, S., Yan, Y., Zhu, H., Gao, Y., Zhao, Y., Zhang, L., 2018. Ameliorative 

effects and possible molecular mechanisms of action of fibrauretine from Fibraurea recisa 

Pierre on D-galactose/AlCl3-mediated Alzheimer’s disease. RSC Adv 8, 31646–31657. 

https://doi.org/10.1039/C8RA05356A 



References 
 

 
 

 172 

Xu, J., Xu, H., Liu, Y., He, H., Li, G., 2015. Vanillin-induced amelioration of depression-like 

behaviors in rats by modulating monoamine neurotransmitters in the brain. Psychiatry Res 225, 

509–514. https://doi.org/10.1016/j.psychres.2014.11.056 

Yao, E.C., Xue, L., 2014. Advances in Alzheimer’s Disease Therapeutic Effects of Curcumin on 

Alzheimer’s Disease 3, 145–159. https://doi.org/10.4236/aad.2014.34014 

Younis, N.N., Elsherbiny, N.M., Shaheen, M.A., Elseweidy, M.M., 2020. Modulation of NADPH 

oxidase and Nrf2/HO-1 pathway by vanillin in cisplatin-induced nephrotoxicity in rats. J 

Pharm Pharmacol 72, 1546–1555. https://doi.org/10.1111/JPHP.13340 

Zhang, H., Chen, Y., Wang, Z., Xie, G., Liu, M., Yuan, B., Chai, H., Wang, W., Cheng, P., 2022. 

Implications of Gut Microbiota in Neurodegenerative Diseases. Front Immunol 13, 785644. 

https://doi.org/10.3389/FIMMU.2022.785644/BIBTEX 

Zhang, J., Chen, Z., Huang, X., Shi, W., Zhang, R., Chen, M., Huang, H., Wu, L., 2019. Insights on 

the Multifunctional Activities of Magnolol. Biomed Res Int. 

https://doi.org/10.1155/2019/1847130 

Zhu, L., Ge, G., Zhang, H., Liu, H., He, G., Liang, S., Zhang, Y., Fang, Z., Dong, P., Finel, M., 

Yang, L., 2012. Characterization of hepatic and intestinal glucuronidation of magnolol: 

Application of the relative activity factor approach to decipher the contributions of multiple 

UDP-glucuronosyltransferase isoforms. Drug Metabolism and Disposition 40, 529–538. 

https://doi.org/10.1124/dmd.111.042192 

Zieneldien, T., Kim, J., Cao, C., 2022. The Multifaceted Role of Neuroprotective Plants in 

Alzheimer’s Disease Treatment. Geriatrics 7. https://doi.org/10.3390/GERIATRICS7020024 

  

 

 



 
 
 
 

 
 
 

 
APPENDICES 



Appendix-I (Letter of candidacy) 
 

 
 

 

APPENDIX-I 

 



Appendix-II (Publications) 
 

 
 

 

APPENDIX-II 

Publications related to Ph.D work 

1. Anand, A., Khurana, N., Kaur, S., Ali, N., AlAsmari, A.F., Waseem, M., et al. (2023a). 

The multifactorial role of vanillin in amelioration of aluminium chloride and D-

galactose induced Alzheimer’s disease in mice. Eur J Pharmacol 954: 175832. 

2. Anand, A., Khurana, N., Kumar, R., and Sharma, N. (2023b). Food for the mind: The 

journey of probiotics from foods to anti-Alzheimer’s disease therapeutics. Food Biosci 

51: 102323. 

3. Anand, A., Khurana, R., Wahal, N., Mahajan, S., Mehta, M., Satija, S., et al. (2019). 

Vanillin: A comprehensive review of pharmacological activities. 

4. Anand, A., Nuthan Kumar Babu, V., Giriyam, R., Turan, S., Sharma, N., Khurana, N., 

et al. (2021). The relationship of magnolol, an important phytoconstituent, with 

neurological disorders: An in silico evaluation. Plant Cell Biotechnol Mol Biol 22: 389–

397. 

5. Anand, A., Sharma, N., Gulati, M., and Khurana, N. (2018). Amyloid Beta: The 

Foremost Protagonist in Alzheimer’s Disease. Critical Examinations of 

Neurodegenerative Disorders. IGI Global, pp 235.  

6. Kumar, R., Kumar, R., Anand, A., Sharma, N., and Khurana, N. (2019). 

Pharmacological Management of Alzheimer’s Disease. Advances in 

Neuropharmacology Drugs and Therapeutics. Apple Academic Press and CRC Press 

(Taylor & Francis Group), pp 133. 

 

 

 



Appendix-II (Publications) 
 

 
 

 

 

 

 



Appendix-II (Publications) 
 

 
 

 

 

 

 



Appendix-II (Publications) 
 

 
 

 

 

 

 

 



Appendix-II (Publications) 
 

 
 

 

 



Appendix-II (Publications) 
 

 
 

 

  

 

 

 

 



Appendix-II (Publications) 
 

 
 

 

 

 

 

 

 



Appendix-II (Publications) 
 

 
 

 

Other publications 



Appendix-II (Publications) 
 

 
 

 

 

 



Appendix-II (Publications) 
 

 
 

 

 



Appendix-II (Publications) 
 

 
 

 

 

 



Appendix-II (Publications) 
 

 
 

 

 

 

 



Appendix-II (Publications) 
 

 
 

 

 

 



Appendix-II (Publications) 
 

 
 

 

Publications in communication: 

1. The Multifactorial Role of Magnolol in Amelioration of Aluminium Chloride and D-

galactose Induced Alzheimer’s disease in Mice. 

2. Lactobacillus rhamnosus: A probiotic augmenting the ameliorative effects of vanillin and 

magnolol in aluminium chloride and D-galactose induced Alzheimer’s disease in mice. 

3. Classical and modified animal models for chemically induced Alzheimer’s disease with 

assessment parameters: A review on applicability. 

4. The potential role of vanillin in neurological disorders: An in silico evaluation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix-III (Intellectual Property Rights) 
 

 
 

 

APPENDIX-III 

Copyrights registered: 

1. Kynurenine pathway and its role in neuroinflammation. 

2. Potential implication of gut-brain-axis and toll like receptors in Alzheimer's disease. 

3. Mechanism of aluminum-induced neurodegeneration. 

 

Copyrights in communication: 

1. Mechanism of D-Galactose induced senescence associated neurodegeneration. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix-III (Intellectual Property Rights) 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix-III (Intellectual Property Rights) 
 

 
 

 

 



Appendix-III (Intellectual Property Rights) 
 

 
 

  



Appendix-III (Intellectual Property Rights) 
 

 
 

 

Registration of design 

1. Electroconvulsiometer Apparatus 

2. Cost effective liquid chromatogram. 

3. IOT based agricultural field grooving machine. 

 

Patent in communication 

1. Lactobacillus rhamnosus: A probiotic augmenting the ameliorative effects of vanillin and 

magnolol in aluminium chloride and D-galactose induced Alzheimer’s disease in mice. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix-III (Intellectual Property Rights) 
 

 
 

 

 

 

 



Appendix-III (Intellectual Property Rights) 
 

 
 

 

 



Appendix-III (Intellectual Property Rights) 
 

 
 

 

 



Appendix-IV (Awards and certificates) 
 

 
 

 

APPENDIX-IV 

Awards: 

1. Best oral presentation for the presentation tiled “The multifactorial ameliorative effect of 

vanillin in a mouse model of Alzheimer’s disease” at 3rd International Conference of 

Pharmacy held on November 09-10, 2022 at Lovely Professional University, Punjab. 

2. Third prize in oral presentation session for the presentation titled “The multifactorial 

ameliorative effect of magnolol in a mouse model of Alzheimer’s disease” at the 

International Conference on Recent Advances in Health Sciences held on April 14-15, 2023 

at Lovely Professional University, Punjab. 

3. Best paper award for the presentation titled “Lactobacillus rhamnosus: A probiotic 

augmenting the ameliorative effect of vanillin and magnolol in aluminium chloride and d-

galactose induced Alzheimer’s disease in mice” at the 6th International Multi-Track 

Conference on Sciences, Engineering, Management & Technical Innovation on July 17, 

2023 in Hanoi, Vietnam organized by CT Group of Institutions in collaboration with CT 

University and City University Ajman.  

4. Research excellence award by Institute of Scholars. 

 

 

 

 

 

 

 

 



Appendix-IV (Awards and certificates) 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix-IV (Awards and certificates) 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix-IV (Awards and certificates) 
 

 
 

 

 

 

 

 

 

 

 

 

 

 



Appendix-IV (Awards and certificates) 
 

 
 

 

 

 

 

 

 

 

 

 

 

 



Appendix-IV (Awards and certificates) 
 

 
 

 

Participation in conferences 

 

 

 

 

 

 

 

 



Appendix-IV (Awards and certificates) 
 

 
 

 

 

 



Appendix-IV (Awards and certificates) 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix-IV (Awards and certificates) 
 

 
 

  



Appendix-IV (Awards and certificates) 
 

 
 

 

 

 

 

 

 

 

 

 

 

 



Appendix-IV (Awards and certificates) 
 

 
 

 

 

 

 

 



Appendix-IV (Awards and certificates) 
 

 
 

 

Online courses 

 

 

 

 

 

 

 

 

 

 

 



Appendix-IV (Awards and certificates) 
 

 
 

 

 

 

 

 

 

 

 

 

 

 



Appendix-IV (Awards and certificates) 
 

 
 

 

 

 

 

 

 

 

 

 

 



Appendix-IV (Awards and certificates) 
 

 
 

 

 

 



Appendix-V (Certificates of analysis) 
 

 
 

 

APPENDIX-V 

 

 

 

 



Appendix-V (Certificates of analysis) 
 

 
 

 

 

 

 

 

 



Appendix-V (Certificates of analysis) 
 

 
 

 

 

 

 

 

 

 

 

 

 



Appendix-V (Certificates of analysis) 
 

 
 

 

 



Appendix-VI (IAEC Approval Certificate) 
 

 
 

 

APPENDIX-VI 

 

 


