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ABSTRACT 

Alzheimer’s disease is a progressive neurodegenerative disease leading to cognitive 

impairment and memory loss. The presence of amyloid ß deposition and neurofibrillary tangles 

remain the neuropathologic criteria for AD diagnosis. The BBB which is necessary for proper 

neuronal activity prevents solutes from the bloodstream getting into the brain. Unfortunately, 

there is no effective therapy for the treatment of AD due to low drug potency and various drug 

delivery issues, such as limited bioavailability and the blood-brain barrier's obstructions. 

Recently nanotechnology has demonstrated encouraging advancements in the treatment of AD. 

Many different types of nano-carriers have been modified to provide effective new therapeutic 

approaches. This study investigated therapeutic effect of Rutin and compared them with those 

of Rutin-bound nanoparticles, NCDs-Rutin and CDs-Rutin in AD rat model. AD was induced 

in Wistar Han rats using AlCl3 and D-galactose. The rats were then treated with Rutin and 

Rutin-bound nanoparticles and the effects were assessed using different parameters. Behavior 

assessment showed that NCDs-Rutin gave significant results in MWM, Y-maze and NOR test, 

while CDs-Rutin exhibited better result in open field test.  Histological analysis using H & E 

staining revealed that NCDs-Rutin group prevented brain tissue better than CDs-Rutin and 

Rutin group, however, Rutin group had more effective amyloid plaque reduction in ThT 

staining. Moreover, molecular analysis of treatment groups showed an upregulation of SOD2 

expression, among them NCDs-Rutin and Rutin group showed significant results suggesting 

enhanced antioxidant defense. While, CDs-Rutin group showed significant reduction in TLR4 

expression, suggesting a reduced neuroinflammation. Proteomic analysis through SDS-PAGE 

indicated differences protein expression across the groups. The Rutin-bound nanoparticles 

significantly outperformed Rutin in terms of efficacy, most likely as a result of their focused 

administration and increased bioavailability. 

 

Keywords: Alzheimer’s Disease, Carbon Dots, Cholinergic System,  Nanoparticles, Nitrogen-

Doped Carbon Dots, Rutin.  
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CHAPTER 1: INTRODUCTION 

The development of cognitive and behavioral impairment in neurological diseases is 

known as AD. Traditional treatment methods, such as acetylcholinesterase inhibitors, 

frequently don't work since they're not soluble enough, have a low bioavailability, and don't 

obstruct the blood and brain flow. This disease is the most prevalent type of dementia and one 

of the major worldwide health issues. It is a neurological disease that gradually impairs 

cognitive function and causes memory loss (Ballard et al., 2011). Nanotechnology has lately 

found a possible area of study for AD treatment. Since AD is one of the oldest diseases and 

less than 5% of cases are directly inherited, environmental variables may be crucial in both the 

early stages and progression of the disease. Clinical enhancing nano-systems are designed, 

characterized, developed, and put into use as part of nano-technological approaches to 

healthcare (Fonseca-Santos et al., 2015). Aβ accumulated in the brain would be a factor in 

pathogenic AD pathways. Despite appearing to be mostly found in neurons, beta-amyloid 

production can take many different chemical forms. Due to the difficulty of crossing the BBB 

at the nanoparticle level, particles will traverse it without requiring sophisticated modification 

in the 50–100 nm range. For every nanoparticle derivative, a therapeutic solution is advised if 

there is a limit to the BBB's crossing. (Ordóñez-Gutiérrez & Wandosell, 2020). The discovery 

of CDs has led to several firsts in recent years, including the delivery of medication through 

the blood-brain barrier. CDs are harmless and biocompatible since they don't contain any 

metals. Because of their many surface functional groups, CDs can be conjugated, as a 

nanocarrier, with a variety of medicinal compounds through covalent or noncovalent 

interactions. 

1.1. Alzheimer’s Disease 

AD, named after the German psychiatrist Alois Alzheimer, is the most common type 

of dementia. It is described as a progressive neurodegenerative disease caused by the build-up 

of amyloid-beta peptide (Aβ) in the brain's most affected area, the medial temporal lobe and 

neocortical structures, which results in neuritic plaques and neurofibrillary tangles (De-Paula 

et al., 2012). Alois Alzheimer noticed amyloid plaques and a significant loss of neurons in the 

brain of his first patient, who had memory loss and change in personality before to passing 

away. He described the patient's ailment as a horrible cerebral cortex disease. Initial memory 

loss and cognitive decline are the most prevalent features, and these can later affect motor 
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function, speech, behavior, and visuospatial orientation (Cipriani et al., 2011). Brain disorders 

such as AD or other conditions such as infections, intoxications, abnormalities in the 

pulmonary and circulatory systems that reduce the amount of oxygen reaching the brain, 

tumors, and so on can all lead to a progressive loss of cognitive functions (Livingston et al., 

2020). 

1.2. Epidemiology of AD 

AD is a major cause of mortality because dementia causes progressive cognitive 

impairment that interferes with daily functioning. It is believed that 44 million individuals 

globally suffer from dementia at present time. This is predicted to more than triple by 2050 as 

the population ages, and dementia could cost the US economy more than US$600 billion a year 

in only the USA (Prince et al., 2014). In Europe as a whole, accounting for 10.7% of mortality 

rate recorded in 2014. Global statistics indicate that 4% of persons older than 60 years suffer 

from dementia. 2.1% in Africa, 4.0% in China and the Western Pacific, 4.6% in Latin America, 

5.4% in Western Europe, and 6.4% in North America were the regional prevalence rates (Ferri 

et al., 2005). The 5 million new cases of dementia that are detected each year, the most of which 

have AD, affect over 25 million individuals globally (Brookmeyer et al., 2007). Every 20 years, 

there is expected to be a rise in dementia cases. In developed nations, approximately one-third 

of the very old may have dementia-related symptoms and indications, while one in ten elderly 

people suffer from dementia to some degree.   

The two most prevalent forms of dementia, AD and vascular dementia, account for 20% 

to 30% and 40% to 80% of all dementia cases, respectively. Subtypes of dementia are similar 

globally (Corrada et al., 2008). Individually, AD significantly reduces life expectancy and is a 

major contributor to physical impairment, institutionalization, and a decline in the standard of 

living for the elderly. First, institutionalization and functional disability are closely linked to 

AD. An estimated 11.2% of years spent incapacitated among persons over 60 are attributed to 

dementia, against 9.5% for stroke, 8.9% for musculoskeletal disorders, and 5.0% for 

cardiovascular diseases (Qiu et al., 2009). 

1.3. Neuropathology of AD 

The cytoskeletal changes brought on by the aberrant tau protein production in a few 

vulnerable neuronal subtypes are the defining feature of AD. The tau protein in healthy nerve 

cells stabilizes the neuronal cytoskeleton's microtubules, which are crucial in the movement of 
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materials between different cell compartments. Impaired signaling by retrograde neurotrophic 

factors, incorrect protein metabolism, and synaptic dysfunction are likely caused by aberrant 

tau protein production, destabilizing microtubules, and obstructing axonal transport. The 

affected neurons may die largely as a result of a decline in their functions (Perl, 2010). In 

addition to "negative" lesions like neuronal and synaptic loss, the neuropathology of AD also 

includes "positive" lesions such amyloid plaques and cerebral amyloid angiopathy, 

neurofibrillary tangles, and glial responses. Due to losses in synapses, neuropils, and neurons, 

negative lesions show significant atrophy. Moreover, oxidative stress, neuroinflammation, and 

harm to cholinergic neurons can potentially cause neurodegeneration (Spires-Jones & Hyman, 

2014). 

1.3.1. Senile plaques 

The other main pathological lesion observed in people with AD is the senile or neuritic 

plaque. Senile plaques are complex structures that have an accumulation of the 4-kD beta-

pleated sheet-shaped protein βA4 in the center. Individuals with AD and the elderly may also 

have various forms of plaques in their brains that include βA4 (Šimić et al., 2017). Extracellular 

deposits of Aβ protein, referred to as senile plaques, can exhibit many morphological 

characteristics, including neuritic, diffuse, dense-cored, classic, or compact type plaques. 

Proteolytic cleavage-prone enzymes such as β- and γ-secretase are responsible for synthesizing 

Aβ deposits from the transmembrane APP (Cras et al., 1991).  The final forms of Aβ40 and 

Aβ42 are produced by combining the amino acid fragments (43, 45, 46, 48, 49, and 51) that 

are produced when these enzymes break down APP. There are two types of Aβ monomers: 

large insoluble amyloid fibrils that can accumulate to produce amyloid plaques and soluble 

oligomers that can multiply throughout the brain. Thickened plaque accumulation in the 

different parts of the brain can induce cognitive impairments because Aβ is involved in 

neurotoxicity and neuronal function (Chen et al., 2017). 

1.3.2. Neurofibrillary Tangles (NFT) 

One important neuropathological characteristic of AD is neurofibrillary tangles. 

Neurons producing NFT have been found to exhibit the loss of cytoskeletal microtubules and 

tubulin-associated proteins. It is believed that protein phosphorylation and dephosphorylation 

involved in signal transduction generate neurofibrillary lesions, although the exact biochemical 

mechanisms connecting the loss of cytoskeletal components to the formation of NFT remain 
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unclear. For instance, the main component of NFTs, tau, is abnormally phosphorylated 

(hyperphosphorylated) in patients diagnosed with AD compared to those of non-demented 

people (Zempel & Mandelkow, 2014). The reason of tau's missorting in neurons during AD is 

believed to be epitope-specific hyperphosphorylation, which causes the protein to move from 

a mostly axonal to a somato dendritic position (Alonso et al., 2008).  Hyperphosphorylated tau 

protein aberrant filaments, or NFT, have the ability to coil around one another to form paired 

helical filaments (PHF) at specific phases. These filaments accumulate in the cytoplasm of 

axons, dendrites, and neural perikaryal cells. This results in the degeneration of cytoskeletal 

microtubules and tubulin-associated proteins (Metaxas & Kempf, 2016).  

1.3.3. Synaptic Loss 

Synapse loss causes abnormalities in sensory, motor, and cognitive functions in a 

number of neurodegenerative disorders, such as major depressive disorder, schizophrenia, AD, 

Huntington's disease, amyotrophic lateral sclerosis, and aging. The loss of excitatory synapses 

is the most important indicator of cognitive deterioration in AD (Henstridge et al., 2016). Early-

stage AD is usually accompanied by synapse loss in the limbic system and neo-cortex, which 

impairs memory. Synaptic loss pathways include defects in axonal transport, oxidative stress, 

mitochondrial damage, and other events that may result in tiny fractions, like tau and Aβ 

buildup at the synaptic locations. The end products of these processes include dendritic spine 

loss, axonal degeneration, and pre-synaptic terminals (Overk & Masliah, 2014). Synaptic 

proteins that serve as biomarkers for the identification of synaptic loss and severity include 

neurogranin, a postsynaptic neuronal protein, and synaptotagmin-1 (Lleó et al., 2019). 

1.4. Stages of AD 

Four stages make up the clinical phases of AD: the pre-clinical phase, also known as 

the pre-symptomatic stage, can extend over a number of years. There are now no early 

pathological abnormalities in the cortex and hippocampus, no mild memory loss, no functional 

impairment in day-to-day activities, and no clinical indicators or symptoms of AD (Dubois et 

al., 2016). The moderate or early stage of AD is when many symptoms first appear in patients. 

These symptoms include mood swings, the beginning of depression, difficulty adjusting to 

daily life owing to memory loss and attention challenges, and confusion regarding place and 

time (Wattmo et al., 2016). When AD reaches a moderate stage, it affects more brain regions, 

causes more severe memory loss that makes it difficult to recall friends and family, impairs 



5 
 

impulse control, and makes it difficult to read, write, and talk (Kumar et al., 2021). Severe AD, 

also known as late-stage AD, is characterized by a progressive loss of function and cognition, 

which includes the inability to recognize family members, bedridden status, difficulty ingesting 

and urinating, and ultimately death from these challenges. A substantial collection of the 

disease called neurofibrillary tangles and neurotic plaques extended throughout the entire 

cortical area (Apostolova, 2016). 

1.5. Causes and Risk Factor  

AD is a multifactorial disease that is impacted by several risk factors, including vascular 

problems, infections, aging, genetics, head trauma, and environmental factors like heavy and 

trace metals, as seen in Figure 1.1. The pathogenic changes (Aβ, NFTs, and synaptic loss) 

linked to AD are presently unknown in their cause. Although there are numerous ideas to 

explain AD, only two are regarded as major: one contends that cholinergic dysfunction is a key 

risk factor, while the other suggests that changes in the generation and processing of amyloid 

β-protein are the primary cause of the illness. However, as of yet, no accepted theory has been 

established to explain the pathophysiology of AD (A. Armstrong, 2019). 

 

Figure 0.1: Risk factors of AD. It is influenced by a combination of factors, from genetics and age, 

infections in the body, cardiovascular diseases, head injuries and tumors to lifestyle and 

environmental exposures.  

1.5.1. Cholinergic Hypothesis 

Acetylcholine is produced by the enzyme choline acetyltransferase (ChAT), which was 

linked to abnormalities in neocortical and presynaptic cholinergic function in the 1970s. 

Because of its importance to cognitive function, the cholinergic hypothesis of AD was put 
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forth. The ChAT enzyme converts choline and acetyl-coenzyme A into ACh in the cytoplasm 

of cholinergic neurons. The VAChT then carries the ACh to the synaptic vesicles (Figure 1.2). 

In the brain, ACh is essential for several physiological functions, including learning, memory, 

attention, and sensory processing. One of the main characteristics of AD has been identified as 

cholinergic neuron degeneration, which results in changes in cognitive function and memory 

loss. It is believed that Aß reduces choline absorption and releases ACh by interfering with 

cholinergic neurotransmission (H. Ferreira-Vieira et al., 2016).  

The results of studies showed a relationship between the generation of amyloid fibrils 

and cholinergic synaptic loss, as well as between the neurotoxicity of Aβ oligomers and the 

interactions between AChE and Aβ peptide. Further factors that contribute to the progression 

of AD include a decrease in excitatory amino acid (EAA) neurotransmission, where glutamate 

concentration and D-aspartate uptake are significantly reduced in many cortical areas in AD 

brains, as well as a reduction in nicotinic and muscarinic (M2) ACh receptors, which are found 

on presynaptic cholinergic terminals. Additionally, cholinergic receptor antagonists, such as 

scopolamine are also employed; these drugs have been demonstrated to induce amnesia. This 

effect can be reversed by substances that stimulate the synthesis of ACh. Thus, the cholinergic 

hypothesis is predicated on the following: the decline in presynaptic cholinergic markers in the 

cerebral cortex; the source of cortical cholinergic innervation; the severe neurodegeneration of 

the nucleus basalis of Meynert (NBM) in the basal forebrain; and the comparative role of 

cholinergic antagonists and agonists in memory decline (Hampel et al., 2018). 

1.5.2. Amyloid Hypothesis 

The amyloid hypothesis was first proposed some decades ago when it was discovered 

that dementia has a strong correlation with abnormal β-sheet deposition in the central nervous 

system. However, it was found that normal, healthy brains also acquire amyloid plaques (AP) 

during aging. This result raised the question of whether or not AP deposition is the root cause 

of AD. Consequently, other hypotheses have been proposed recently for the non-inherited form 

of AD (NIAD); nonetheless, the amyloid hypothesis remains the most commonly 

acknowledged pathogenic mechanism for hereditary AD (IAD) (Paroni et al., 2019). According 

to the amyloid hypothesis, age and illness reduce the quantity of β- and γ-secretase, which 

breaks down Aβ that is formed from APP. Consequently, Aβ peptides, specifically Aβ40 and 

Aβ42, build up. Aβ amyloid fibrils are produced when the ratio of Aβ42/Aβ40 rises, and these 

fibrils cause tau pathology, neurotoxicity, neurodegeneration, and neuronal cell death. There 
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have been reports of Aβ catabolism and anabolism being impacted by risk factors for AD and 

mutations in a number of genes, including APP, PSEN1, and PSEN2. As a result, there is an 

accumulation of Aβ and neurodegeneration advances quickly (Kametani & Hasegawa, 2018). 

Figure 0.2: Role of  Acetylcholine in Synaptic Transmission. It is highlighting the synthesis of 

ACh by ChAT and the breakdown of ACh by AChE. 

1.6. Treatment and Limitations 

In order to slow the course of cognitive symptoms as well as behavioral and 

psychosocial symptoms of dementia, current medication treatments for AD are symptomatic 

rather than curative. Four medications, galantamine, rivastigmine, memantine, and donepezil 

belong to the anticholinesterase inhibitor and anti-glutaminergic groups and are authorized for 

sale. These medications are administered orally or topically (Livingston et al., 2019).  

1.6.1. Mechanism of Action and Classification of Approved Drugs 

 The purpose of anticholinesterase inhibitors is to raise the brain's ACh levels, which 

are involved in memory and information transfer between specific neurons. The goal of these 

therapies is to address the ACh shortage seen in AD patients' central nervous systems. N-

methyl-D-aspartate (NMDA) receptors have a noncompetitive antagonist action that is 

exploited by anti-glutaminergics to control glutamate levels. A neurotransmitter called 

glutamate is involved in learning and memory processes in the brain. Elevated glutamate is 

probably going to have pathogenic effects, including neuronal death. These medication-based 

therapies aim to slow down the progression of the disease, stabilize or temporarily enhance 

cognitive abilities, and manage behavioral issues. These therapies assist AD patients and their 
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carers maintain their independence and enhance their quality of life, even though they are not 

curative. But these therapies simply address the symptoms of AD rather than its underlying 

cause, and their efficacy is only marginal at best (Cummings et al., 2018).  

In the early asymptomatic phase, these pharmacological treatments may be more 

beneficial before the process of neurodegeneration starts. One of the main aspects that 

contributes to the low effectiveness of the treatments is the difficulty in targeting brain 

medications because of the restricted transit from the circulation to the CNS through BBB. In 

fact, many drug trials for AD are unsuccessful due to permeability issues at the BBB (Zenaro 

et al., 2017). 

 This calls for a greater dosage, which could increase the possibility of more 

unfavorable effects. The BBB presents a challenge for CNS medication delivery, to which 

several approaches have been proposed and implemented. Drug efficacy may be lowered by 

preclinical research's possible failure to account for age-related changes in neuronal 

membranes and membrane receptors. Indeed, a recent study found changes in the 

microdomains of synaptosomes taken from aged mice, making them more susceptible to 

amyloid stress and impeding the neuroprotective effects of ciliary neurotrophic factor (Colin 

et al., 2017). Since AD is difficult to diagnose in its early stages and there are currently no 

effective curative treatments, it is critical to take neuroprotective and preventive measures to 

slow down the neurodegenerative process and neuronal dysfunctions, including axons, 

dendrites, and synapses, as well as lower the risk of AD (Klimova & Kuca, 2015). 

1.7. Role of Nanotechnology in AD 

1.7.1. Drug Delivery Challenges Treatment of AD 

The treatment for AD involves the administration of drugs orally. Although oral 

administration is convenient for patients, there are a number of obstacles that must be overcome 

in order to achieve the desired outcomes, including poor bioavailability, first-pass metabolism, 

limited absorption, and dose-dependent side effects. Targeting the brain also involves added 

issues with the BBB. It is a unique and complex multicellular structural barrier that separates 

body's tissues from the central nervous system. It is composed of a semi-permeable endothelial 

cell membrane (Yiannopoulou & Papageorgiou, 2020). In the human body, the BBB is the 

most tightly regulated biological barrier. It shields the brain against harmful substances and 

blood-borne diseases while preventing viruses and the majority of macromolecules from 
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entering the central nervous system. However, the difficulties in getting a range of potentially 

beneficial chemicals into the brain outweigh the BBB's obvious benefits (Goedert & 

Spillantini, 2006). 

1.7.2. Blood-Brain-Barrier: Barrier to Effective Treatment 

One efficient technique to get across the blood-brain barrier is to load drugs within 

nanocontainers, which are defined by their relatively small size and ability to overcome the 

barrier. This method of delivering medication helps to maximize the bioavailability of 

pharmaceuticals while reducing the likelihood of side effects. Nano-formulations are 

characterized by their controlled release of active pharmacological ingredients, flexibility, 

altered surface properties, and plasticity. They target CNS active drugs to the brain through the 

blood-brain barrier (Agrahari, 2017).  

Additionally, research shows that nano-technological methods hold great promise for 

the development of successful brain-targeted therapies and can improve treatment efficacy and 

early AD diagnosis. One of the most innovative and promising nanocarriers with potential uses 

in nanomedicine is CDs. They are relatively simple to synthesise and have a number of 

beneficial characteristics, including tunable photoluminescence (PL), chemical stability, low 

cytotoxicity, good photostability, and exceptional biocompatibility (Zhang et al., 2021). 

Furthermore, CDs have the potential to be a highly developed medication delivery technology 

that can traverse the blood-brain barrier. CDs are typically spherical or hemispherical, with a 

core composed mostly of sp2 inter-hybridized carbon atoms. Their size is less than 10 nm. CDs 

have a complex structure and form due to the abundance of functional groups on their surface. 

Furthermore, a wide range of polymer chains and surface groups, such as amine, hydroxyl, and 

carboxyl, improve water solubility, making it simple to combine with other materials without 

phase separation (Mansuriya & Altintas, 2021). 

1.8. Rutin  

One of the primary plant phytochemicals that are active is flavonoids, which are well-

known for their antioxidant and membrane-stabilizing qualities. Plants and their parts, 

especially citrus fruits like lemon, orange, lime, and grapefruit, contain Rutin. Other sources 

include buckwheat, asparagus, mulberry and rue berries. One of the most popular dietary 

flavonoids that people regularly ingest is Rutin, which can be found in fruits, vegetables, and 

plant-based liquids like wine and tea (Yang et al., 2008a). Rat tissues exposed to a greater dose 
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of Rutin (1%) for 20 days displayed an enhanced level of liver antioxidant in the rats. In other 

situations, though, it lowers minerals and inhibits the actions of some metal-containing 

enzymes that might be detrimental to health. Rutin and other supplements were tested on Wistar 

rats, and the results showed that they decreased oxidative stress and systemic inflammation 

(Mosoni et al., 2010). Rutin may be advantageous to the muscle protein metabolism throughout 

aging, according to research on the impact of Rutin and other supplements on the leucine-

regulated protein metabolism in the muscles of adult and elderly rats (Marzani et al., 2008). 

1.8.1. Pharmacological Properties of Rutin 

 Known by several names such as sophorin, rutoside, and quercetin-3-Rutinoside, Rutin 

(3,3,4,5,7-pentahydroxyflavone-3-rhamnoglucoside) is a polyphenolic bioflavonoid that is 

mostly obtained from organic sources. Ruta graveolens, a plant that also includes Rutin and is 

a vital component of plant nutrition, is the source of the word "Rutin." In terms of chemistry, 

it is a glycoside composed of the flavonoid quercetin and the disaccharide Rutinose. Some 

studies suggest that Rutin may protect against NDs because of its beneficial qualities as a potent 

antioxidant (Yu et al., 2015).  Rutin has been shown to have a wide range of therapeutic 

applications because of its various qualities, which include antioxidant, anti-inflammatory, 

cardiovascular, neuroprotective, antidiabetic, and anticancer effects. Over time, numerous 

pathways in both in vitro and in vivo models have been associated with its antioxidant 

capabilities. First, it was mentioned that the chemical structure of ROS might allow for direct 

scavenging. Secondly, it increases the synthesis of glutathione and is believed to increase the 

expression of several antioxidant enzymes, such as SOD and CAT, which in turn upregulates 

Figure 0.3: Chemical structure of Rutin contains hydroxy group at carbon 3 attached with glucose 

and rhamnose sugar group. PubChem ID: 5280805 
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the oxidative defense mechanisms of cells. Thirdly, Rutin inhibits xanthine oxidase, which 

stops ROS from being produced. (Hanasaki et al., 1994). 

1.8.2. Mechanism of Action 

The blood-brain barrier is a tight junction that can be crossed by Rutin and/or its 

metabolites. Rutin is also utilized to display different demeanor symptoms associated with 

neurodevelopmental disorders. Its antioxidative and anti-inflammatory properties help to Rutin 

reduces the effects of diabetes, obesity, and AD (Habtemariam, 2016). Rutin reduces the 

synthesis of nitric oxide, inhibits Aβ aggregation and cytotoxicity, reduces the generation of 

proinflammatory cytokines, and lessens oxidative stress. It is generally considered safe and 

ingested through diet. Research suggested that Rutin had several impacts at once. It preserves 

neuronal morphology against hazardous tau oligomers, prevents tau aggregation and tau 

oligomer-induced cytotoxicity, reduces the synthesis of proinflammatory cytokines, and 

increases microglial absorption of extracellular tau oligomers in vitro (Sun et al., 2021).  

It reduced TNF-α and IL-1β production in microglia, which in turn inhibited the action 

of proinflammatory cytokines. The suppression of β-amyloid oligomeric cytotoxicity indicates 

that this effect may be helpful in the treatment of AD (Wang et al., 2012). By reducing the 

activity of the glial fibrillary acidic protein, interleukin-8, cyclooxygenase-2, inducible nitric 

oxide synthase, and nuclear factor-kß, Rutin attenuated streptozotocin-induced inflammation 

and consequently averted gross morphological alterations in the rat hippocampal region. Such 

an effect shows promise in treating "sporadic dementia of Alzheimer type" and may be helpful 

in preventing cognitive deficits (Javed et al., 2012). Moreover, it has various other pathological 

effects.  

1.8.2.1. Antioxidant Activity 

With its capacity to cause neuronal damage and encourage the creation of harmful 

amyloid-beta (Aβ) clumps, oxidative stress is a key factor in the onset and progression of AD. 

Conversely, Rutin demonstrates strong antioxidant properties through its ability to scavenge 

free radicals and lessen oxidative damage to neural cells. Moreover, Rutin increases the activity 

of innate antioxidant enzymes like catalase and superoxide dismutase (SOD), protecting 

neurons from oxidative damage (Yang et al., 2008b). 
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1.8.2.2. Anti-inflammatory Effects 

Chronic neuroinflammation, characterized by the activation of microglial cells and the 

release of pro-inflammatory cytokines including interleukin-1β and tumor necrosis α, is another 

significant aspect of AD pathology. Rutin blocks the synthesis of pro-inflammatory mediators 

and stops microglia from activating, which is how it demonstrates its anti-inflammatory 

qualities. Moreover, Rutin dramatically lowers neuroinflammation in AD via modifying the 

signaling pathway for nuclear factor-kappa B (NF-κB) (Xu et al., 2014). 

1.8.2.3. Neuroprotective Effects 

In AD, Rutin's capacity to maintain neuronal survival and function serves as evidence 

of its neuroprotective properties. By encouraging neurogenesis and synaptic plasticity, two 

processes that are compromised in AD brains, Rutin aids in the survival of neurons. 

Furthermore, Rutin prevents neuronal apoptosis by influencing apoptotic signaling pathways 

like caspases and the Bcl-2 family of proteins. Additionally, Rutin stops Aβ peptides from 

clumping together to form hazardous oligomers and fibrils, which lessens the neurotoxicity 

that Aβ causes in AD (Budzynska et al., 2019). 

1.9. AD Related Abnormalities in Proteomics 

Since the earliest days of biological inquiry, the dynamic role that molecules play in 

supporting life has been observed. In 1838, Berzelius gave these molecules the label "protein," 

which comes from the Greek word proteios, which means "the first rank," to emphasize their 

significance. The term "proteome" refers to the total number of proteins in a cell that are 

characterized at any one time by their turnover, post-translational modifications, interactions, 

and localization. The term "proteomics" was first used in 1996 by Marc Wilkins to describe 

the "PROTein complement of a genOME " (Cristea et al., 2004). Early and accurate diagnosis 

of AD is essential for implementing timely interventions and developing effective therapeutic 

strategies. Proteomic biomarkers, as shown in figure 1.4, are associated with disease that can 

be used to monitor and diagnose different phases of the disease as well as identify potential 

treatment targets or therapeutic response candidates. The body's tissues and biofluids exhibit 

altered protein expressions as the disease progresses, providing early warning signs of the 

disease (Jain et al., 2023). There are various proteins from different categories, among which 
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few are upregulated while others showing downregulation, are involved in AD pathogenesis, 

as in figure 1.4. 

1.9.1. Aß and tau protein 

Aβ is synthesized from amyloid precursor protein (APP) by a series of cleavages 

involving β-secretase and γ-secretase. The buildup of Aβ in amyloid plaques inside the brain, 

as well as disruptions in the proteolytic degradation of APP and the discharge of Aβ peptides, 

are significant occurrences in the development of AD (Sun et al., 2015). Tau protein is largely 

found in neurons and stabilization of microtubules within the brain is one of its many functions. 

Neurofibrillary tangles, which are composed of abnormal tau protein, are a characteristic 

hallmark of AD. Owing to their significant contribution in AD pathology, studies have shown 

higher quantities of Aβ42, reduced or unaltered concentrations of Aβ40, and higher 

concentrations of tau in subjects with AD (Tatebe et al., 2017). 

Figure 0.4: An overview of the major categories and their importance in comprehending the disease 

mechanisms of protein biomarkers linked to Alzheimer's disease, highlighting their roles in amyloid 

pathology, glycoproteins, lipid metabolism, cell signaling, inflammation and brain metabolism. These 

biomarkers give insightsinto disease mechanisms, potential diagnostics and therapeutic targets. 



14 
 

1.9.2. Apolipoproteins  

ApoA and E is a class of proteins essential for cholesterol and lipid metabolism. They 

play a crucial role in lipoprotein assembly, solubilizing lipid fractions into lipoproteins, 

receptor binding, and the function of lipid transport enzymes. By regulating lipid distribution 

between lipoproteins and tissues, apolipoproteins help stabilize blood lipid levels. Recent 

studies suggest that level of both ApoA and E was low in AD patients (Kitamura et al., 2017).  

1.9.3. Glycoproteins  

Glycoproteins like feutin A and B are primarily produced in hepatocytes, is ubiquitous 

in blood, and achieves standard serum levels shortly after birth. It is mostly exhibited by adult 

liver cells and embryonic cells, with fewer expression in monocytes and adipocytes. Fetuin-A 

and B demonstrates a wide range of pathological and physiological functions, including 

neuroprotective and anti-inflammatory effects. According to the findings, concentrations of 

both found in the bloodstreams of mild AD patients were considerably downregulated than in 

healthy individuals (Ricken et al., 2022).  

Aim of the Study 

Understanding Rutin's neuroprotective properties and developing a treatment plan for AD will 

require further research on the use of Rutin and Rutin-bound NPs in various AD models. 

Therefore, Rutin, which possesses anti-inflammatory and antioxidant properties, might be able 

to reduce the effects of AD when paired with nanoparticles, particularly CDs and NCDs. The 

findings of this study would help to clarify how Rutin and Rutin-bound nanoparticles work to 

improve cognitive performance, prevent neurodegeneration, and control proteome alterations 

associated with AD. The understanding of Rutin's pharmacodynamics, dosage, and therapeutic 

uses in the treatment of Alzheimer's disorders may be facilitated by more research on the drug 

and its nanoparticle systems. The aims and objectives of this study are as follows: 

 Establishment of Alzheimer's disease in animal models by employing D-galactose and 

AlCl3 

 Administration of Rutin and Rutin-bound nanoparticles are optimized to reduce the 

effects of Alzheimer's 

 Behavioral, histopathological, molecular and proteomic analysis to assess molecular 

alterations and cognitive enhancement 
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CHAPTER 2: MATERIALS AND METHODOLOGY 

2.1.Ethical Approval  

Ethical approval (IRB no. 05-2023-ASAB-02/02) was acquired from the NUST-IRB 

committee of the National University of Sciences and Technology, Islamabad before 

conducting in vivo study. 

2.2.Experimental Design 

In this study, male Wistar Han rats of similar age and health were used to assess the 

effectiveness of Rutin and Rutin-bound nanoparticles in mitigating the effects of AD. After 

then, AD was induced over a period of ten days using a mixture of AlCl3 and D-galactose to 

cause the condition. This approach was created to simulate both the behavioral and clinical 

characteristics linked to AD in humans. Following this induction phase, the rats' fundamental 

motor and cognitive, spatial abilities were assessed behavior testing. When the treatment period 

ended, the rats were dissected in accordance with experimental ethics protocols, and the brains 

were removed to get the necessary brain regions such as the cortex for proteomic and molecular 

research. Polymerase chain reaction (PCR) identification utilizing SOD2 and TLR4 gene-

specific primers was the first step in the molecular study. In order to do SDS-PAGE analysis, 

proteins were extracted from brain tissues using a lysis solution containing protease inhibitors, 

and the concentration of each protein was then measured. The experimental design and timeline 

for the study is shown in figure 2.1. Every experiment carried out for this thesis was done so 

under an IACUC authorization and in strict accordance with the National Research Act and the 

Animal Welfare Act regarding the use of animals in research. 

2.3.Animals and Disease Induction 

Adult male Wistar Hans rats, weighing 290 ± 20 g and aged between 8 to 12 months, 

were acquired and kept in the animal house of the Atta-ur-Rahman School of Applied 

Biosciences (ASAB), National University of Sciences & Technology (NUST), Islamabad. The 

environment was carefully maintained, with a temperature range of 25 ± 2°C. Prior to the 

treatment, the rats were housed for seven days to allow them to get used to their surroundings. 

Throughout the trial, each group was kept in a single cage in rooms with controlled humidity 

and temperature. The 14-hour light and 10-hour dark cycles of natural light and dark were 

observed.  
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The animals were divided into five groups at random before the commencement of 

dosing so that the mean body weight of each group was almost equal. There were four animals 

in each group. For the duration of the 15-day research, Group 1 animals received filtered water 

orally and were maintained as normal controls (NC). For disease induction, AD was induced 

in rats using a combination of AlCl3 and D-glactose dissolved in PBS. This mixture was 

administered to the rats via intra-peritoneal injection for one week. AlCl3 and D-galactose were 

dissolved separately in PBS before being combined. The dosage was adjusted based on the 

weight of each rat, and administrations were performed daily. This induction method was 

chosen to mimic pathological features observed in AD models. Throughout the induction 

period, rats were closely monitored for any signs of distress or adverse effects. 

2.4.Drug Administration 

Three groups of rats were used for drug administration: control, disease, and Rutin 

treatment. Rutin (207671-50-9, Macklin, China), mixed in DMSO (67-68-5, Sigma Aldrich, 

Switzerland) was given intraperitoneal to the Rutin treatment group for a month following the 

induction of AD. Administration of drug was given daily, with dosage adjustments made in 

accordance with each rat's weight. Rats were constantly watched for any indications of 

Figure 0.1: Experimental Design of the Study. The timeline includes acclimatization and induction 

of AD, validation of disease, dosages for treatment, behavior testing, dissection and tissue collection, 

histopathological assessment, molecular and proteomic analysis followed by statistical analysis was 

applied to validate the results, ensuring the accuracy of data presentation. 
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suffering or negative side effects during the course of the treatment. Rats were dissected when 

the treatment plan was finished, and brain tissues were taken out for additional examination. 

The Rutin dosage, 50mg/kg, employed in this investigation was determined based on earlier 

research (Pu et al., 2007).  

2.5.Behavior Testing 

Behavioral testing was done after the disease induction and administration of drug to 

evaluate their cognitive and motor abilities. Morris water maze, Y-maze, open field test, and 

novel object recognition test were the four behavioral tests used. These assessments were 

chosen to assess a range of cognitive functions, such as recognition memory, exploratory 

activity, spontaneous alternation behavior, and spatial learning and memory. Behavioral testing 

is a crucial component of preclinical research on AD because it provides valuable insights into 

the pathophysiology of the condition and the efficacy of potential treatment approaches 

(Webster et al., 2014).  

2.5.1. Morris Water Maze MWM test 

A cross with the vertices represented the four cardinal points, North (N), South (S), East 

(E), and West (W), separated the maze into four quadrants. The platform was set in the same 

location (SW), however the animal was submerged in the water for each trial, beginning in a 

randomly selected quadrant, that does not contain the platform. The rats had to locate the 

hidden platform with 10 cm in diameter and submerged 1.5 cm below the water's surface during 

the five days of acquisition training trials (two trials each day). The rats in each session were 

allowed to search for the submerged platform for up to ninety seconds, and once they did, they 

may remain there for ten seconds, as shown in figure 2.2. A maximum score of 90 seconds was 

given and the training was stopped if a rat was unable to locate the platform in 90 seconds. The 

escape latency for a single rat's spatial learning score was measured as the amount of time it 

took to get to the hidden platform. In order to evaluate the spatial memory, a probing test was 

carried out 24 hours following the acquisition phase by taking the platform out of the tank. For 

sixty seconds, rats were free to swim. Spatial memory was measured by calculating the 

percentage of time a single rat spent in the target quadrant that had previously included the 

platform (Bromley-Brits et al., 2011). 
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Figure 0.2: Morris Water Maze Test. This test is used to assess the spatial and memory in rodents. 

Animals are placed in the circular water tank and must find a hidden platform. It provides insights 

into cognitive function, memory retention, and the effects of neurological conditions or treatments. 

2.5.2. Y-Maze Test 

The foundation of this test is the natural inclination of rat to switch limbs when 

investigating a novel area., test animals were kept in a Y-shaped labyrinth for five to ten 

minutes, as shown in figure 2.3. During that time, the number of arms they entered and the 

order in which they entered were noted, and a score was computed to ascertain the percentage 

(%) of alternation, degree of arm entries without repetitions. The three arms (8 × 30 × 15 cm) 

that made up the Y-maze contraption were spaced 120° apart. The Y-maze test included two 

trials with a one-hour gap between them. The first experiment lasted for ten minutes. Only the 

first two arms (the familiar and start arms) of the maze were open to the rats' exploration; the 

third arm (the new arm) was closed off. In the second trial, mice were put back in the starting 
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arm of the maze and permitted to freely move around all three arms for five minutes (Tolman 

& Ritchie, 1943).  

𝑷𝒆𝒓𝒄𝒆𝒏𝒕𝒂𝒈𝒆 𝒐𝒇 𝑨𝒍𝒕𝒆𝒓𝒂𝒕𝒊𝒐𝒏 =
Number of Alterations

Total Number of Entries
 × 100 

2.5.3. Novel Object Recognition (NOR) Test  

Another behavioral evaluation tool that is mostly related to cognitive capacity is the 

new object recognition test. Three phases make up the novel object recognition test: training, 

testing, and habituation. Rats were habituated to the arena by spending ten minutes in an empty 

plastic chamber measuring 15 × 15 × 25cm on the first day, as shown in figure 2.4. The rats 

were given three minutes to investigate the two objects that were positioned symmetrically 

along the arena's center line on the second day (training stage). Each object's exploration time 

was recorded as a gauge of exploratory activity. The third day (testing stage) began with the 

rodents being put back in their cages for three minutes. One of the objects was moved to a 

nearby quadrant, and the rats were free to investigate the objects once more. The amount of 

time spent inspecting and inhaling every item was noted. In order to remove smell cues, the 

box was washed with 70% alcohol in between experiments (Richler et al., 2017). 

2.5.4. Open Field Test 

The Open Field Test, one of the most widely used anxiety tests, involves placing mice 

for ten to fifteen minutes in an empty square or circular arena without a ceiling. The animals 

were put in a field that was open, and its movements were noted. The wooden box, measuring 

60 × 60 cm with walls 60 cm high, had been used to build the open field apparatus, figure 2-5. 

Every piece of equipment apart from the white floor was painted black. The floor was divided 

into sixteen equal-sized squares, each measuring fifteen by fifteen centimeters. For the duration 

of the experiment, the animals' movements were recorded for five minutes using a video camera 

that was placed some distance away from the arena. The primary variables that were recorded 

during the test included the following: rearings, the number of times the animal stands on its 

hind legs, crossings, the number of times the animal crosses a square with all four legs, latency, 

the amount of time it takes to leave the beginning square, and grooming the frequency of 

grooming activities (Hrnkova et al., 2007). 
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 Figure 0.3: Y-Maze Test for spatial memory and exploratory tendency. This figure portrays a rat 

transitioning from the initial arm to either a familiar arm or a novel arm in the Y-Maze Test. The 

quantity of time spent in the old and new arms is calculated to determine the percentage of alteration. 

This percentage is indicative of the rat's spatial memory and exploratory tendencies, providing 

valuable insights into its cognitive abilities. 

2.6.Dissection and Brain Tissue Preparation 

All animals were given a profound anesthesia by inhaling chloroform after undergoing 

behavioral testing. A thoracic incision was made using a trapezoid cut. To provide room for 

the implantation of a perfusion cannula (23 gauge) into the right ventricle, a little incision was 

created in the upper left atrium. Normal saline was used for five minutes, followed by a two- 

to three-minute infusion of 4% PFA in PBS prepared with RNase-free water at a pH of 7.4. To 

extract the RNA. The brain was extracted and immediately put in a freezer set at -80°C. The 

skull was then painstakingly dissected and cut in half along the mid-sagittal plane with tiny 
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scissors, starting at the cerebellum and ending at the bony area encircling the smell bulbs. Each 

brain was split sagittally into two halves: the left hemisphere was utilized for protein analysis 

and the right hemisphere for RT-PCR. The cortex was swiftly dissected on ice, snap-frozen, 

and kept at -80°C for the molecular analysis. 

Figure 0.4: Novel Object Recognition Test for cognitive processes. This figure depicts the 

movement of the rat between the two objects, one familiar and one novel object. It calculates the 

amount of time spent with each object. The preference for the novel object, as indicated by a greater 

amount of time spent with it, suggests that the rat remembers the familiar object and perceives the 

novel object as new. This test is particularly valuable in the field of neuroscience for studying 

cognitive processes such as memory and attention in rodent models. 
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Figure 0.5: Open Field Test for exploratory behavior and anxiety level. This figure shows the 

movement of the rat across the squares. The time a rat spends in the central region and time spent in 

peripheral region is calculated. These measurements are crucial as they can provide insights into the 

rat's exploratory behavior and anxiety levels. 

2.7.Histopathological Analysis 

The brain was dissected and 4% PFA was passed through left ventricle after saline 

perfusion to prepare the brain tissue for histological investigation. Complete fixation was 

achieved by immersing it in 4% PFA for a suitable amount of time, usually between 24 and 48 

hours, to enable complete fixation. Different staining techniques are employed to detect 

specific structures, cells, tissues, or even metal components as the H&E staining is the most 

widely used method; it shows the nucleus in blue and the cytoplasm of cells in pink, and ThT 

staining is used to detect accumulation of amyloid plaques. 
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2.7.1. Haematoxylin and Eosin Staining (H&E)  

Fixed tissues from one brain of each group i.e., control, diseased and treated were sliced 

into approximately 4 µm thin slices and microscopic slides were prepared. These slides were 

deparaffinized by incubating them at 63°C for almost 30 minutes. Additionally, during 

incubation, slides were submerged in xylol for two minutes before being cleaned with different 

ethanol concentrations (100%, 90%, 80%, and 70%). Hematoxylin was used for three minutes, 

followed by a one-minute water wash, a one-minute differentiator with mild acid, another one-

minute water wash, bluing, another one-minute water wash, ethanol, eosin, ninety-five percent 

ethanol, one-minute 100% ethanol, and finally, two minutes of xylene. At the end, slides 

prepared were covered with a coverslip (Feldman et al., 2014; Alturkistani et al., 2015).  

2.7.2. Thioflavin T Staining 

ThT was prepared by making the working solution of 0.0.5g of ThT dissolved in 0.1 N 

HCl. The 0.1 N HCl was made by diluting 1.63 ml of concentrated HCl in 200 ml of distilled 

water. A drop of staining solution was then placed on the slide containing sample and kept in 

a humidity chamber for 15 minutes to ensure proper staining. After that the slides were rinsed 

with deionized water for 5 minutes to remove any unbound dye. Finally, the slides were 

covered with aqua mount cover slip and examined under fluorescent microscope to visualize 

staining pattern and protein aggregation. The slides were stored in a dark place to maintain 

integrity of staining.   

2.8.Microscopy  

A Binocular Light Microscope (S37242, Labo America Inc. USA) for cell count and a 

fluorescent microscope (1450030, Bio-Rad, USA) for accumulation of Aß, with a 4X–100X 

magnification, was used to view H&E and ThT slides. Slides were displayed with a 20X 

magnification. Cells were counted and viewed in the cortex tissues using Image J software, and 

the differences were compared. 

2.9.Analysis of Gene Expression 

RNA was extracted from the brain tissue followed by cDNA synthesis for RT-PCR 

analysis. Gradient PCR was used to optimize primer annealing temperatures before the RT-



24 
 

PCR studies were carried out. The ideal temperature for a given pair of primers was determined 

using gradient PCR by evaluating a range of annealing temperatures in many PCR reactions. 

2.9.1. RNA Extraction  

TRIzol Reagent (FineBiotech Cat. No.: FTR-100, China) was used for the RNA extraction 

process, which included few steps. Tissue sample with 50-100 mg in weight required the 

addition of 1 mL of TRIzoL reagent. A power homogenizer was used to completely 

homogenize the tissue sample. The sample was then incubated at room temperature for 5 

minutes, an additional centrifugation step at 12,000 rpm for 10 minutes at 4°C was important 

for samples containing a high concentration of proteins, polysaccharides, or extracellular 

material. Subsequently, the supernatant was cleaned and transferred to a fresh tube for further 

analysis. After that, 0.2 ml of chloroform was added and gave the tube a vigorous 30 second 

shake, incubated it for 2 to 3 minutes at room temperature and centrifuged it at 4°C for 10 

minutes with 12000 rpm. The aqueous phase was pipetted out into a fresh tube and added 0.5 

mL of 100% isopropanol. Incubated the supernatant for 10 minutes and centrifuged it for 10 

minutes at 4°C. The RNA pellet remained in the tube after the supernatant was removed, as 

shown in figure 2.6. Ethanol was used to clean the pellet. The sample was vortexed quickly, 

then the tube was centrifuged at 12000 rpm for few minutes at 4°C. The washer buffer was 

discarded and allowed RNA pellet to air dry. The RNA pellet was dissolved in 20-50 ml of 

RNAse-free water and stored it at -80°C till further use. 

2.9.2. Assessment of RNA Quality and Quantity  

RNA quality and quantity were evaluated using a Nanodrop spectrophotometer prior to 

cDNA synthesis. The absorbance at 260 nm was used to determine the concentration of RNA, 

and the ratios of absorbance at 260 nm/280 nm and 260 nm/230 nm were used to assess the 

purity. High-quality RNA appropriate for use in downstream processes was indicated by 

optimal ratios. The amount and caliber of the extracted RNA were quantified using Colibri 

NanoDrop (TitertekBerthold, Germany).   

2.9.3. cDNA Synthesis (Reverse transcription)  

The RNA extraction was later followed by cDNA transcription with RevertAid Reverse 

Transcriptase (EP0441, Thermo Fisher Scientific, Lithuania). The reaction mixture was 

subsequently produced, comprising the reaction buffer, dNTPs, reverse transcriptase, oligodts, 
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dithiothreitol (DTT), and the RNA sample. The reaction mixture was incubated in the thermal 

cycler at a particular temperature of 42˚C for 60 minutes 

2.9.4. Primer Designing  

The primers were selected from the published literature. The primers had the calculated 

annealing temperature of 66 ˚C for SOD2 and TLR4, as shown in table 2.1. The primers were 

ordered from Bionics (Islamabad, Pakistan).  

1.7.1. Gradient PCR for Primer Optimization 

The sample was created using gradient PCR to optimize the primer and estimate the 

annealing temperature. The conditions of the PCR are very delicate, and they must be fine-

tuned to improve the efficient amplification of target genes. In this study gradient PCR was 

performed in which the annealing temperature was determined for the amplification of SOD2 

and TLR4 genes with its specific primer. Gradient PCR profile is as follows. a preliminary 

denaturation step lasting three minutes at 94°C, 35 cycles lasting thirty seconds at 94°C, and 

an annealing step lasting thirty seconds at 58 °C to 68°C, as shown in table 2.2. An extension 

step lasting 45 seconds at 72°C and a final extension lasting 7 minutes at 72°C were then added 

to the gradient temperatures. The agarose gel electrophoresis method was used to evaluate the 

purity of the PCR result. 

Figure 0.6: RNA Extraction Through TRIzol Method. The white pellet at the bottom of the tube 

shows precipitation of RNA which is now ready for further analysis. 
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Table 0.1: List of Primers. The table shows the forward and reverse primers of Beta Actin, SOD2, 

TLR4 with their specific length, sequence and optimized annealing temperature. 

Table 0.2: Gradient Temperatures for Primer Optimization. The table displays the range of 

annealing temperatures used for gradient PCR 

Gradient Temperature °C 

58˚C  60˚C 62˚C 64˚C 66˚C 68˚C 

2.9.5. Reaction Mixture 

The PCR tube was filled to a total capacity of 25µl with 12.5µl of PCR master mix 

(Wizbio Solutions, catalog no: W1401-2, South Korea), 8.5µl of Nuclease-free water, 1µl of 

forward primer, 1µl of reverse primer, and 2µl of cDNA template. 

Table 0.3:  List of PCR Ingredients. The table shows the components along with their quantities to 

make final volume of 25µl. 

Sr.No Products Quantity (µl) 

1 PCR Master mix  12.5   

2 Nuclease free water 8.5   

3 Forward primer  1.0 

4 Reverse primer  1.0 

5 cDNA template  2.0 

2.9.6. Agarose Gel Electrophoresis  

After the completion of the PCR cycles, 5 µL of each PCR result was mixed with a 

loading dye and placed onto a 2% agarose gel that had been stained with ethidium bromide 

Gene 

 

Direction Length Sequence (5̍ to 3̍) Annealing 

Temp (˚C) 

Beta-actin Forward 19 CATCCCCCAAAGATTCTAC 57 

Reverse 17 CAAAGCCTTCATACATC 

Superoxide 

dismutase 2 

(SOD2) 

Forward 22 CAGACCTGCCTTACGACTATGG 62 

Reverse 21 CTCGGTGGCGTTGAGATTGTT 

Toll-like 

receptor 4 

(TLR4) 

Forward 20 GTGGGTCAAGGACCAGAAAA 61.1 

Reverse 19 GAAACTGCCATGTCTGAGCA 
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(Sigma Aldrich, catalog no. 39346, USA). The gel was run in TBE buffer (catalog no. T1051, 

Solarbio, China) at 100V for around 30 minutes. The locations of the bands were compared to 

the 100–1500 bp DNA ladder to see if annealing had taken place. A Benchtop 2UV 

transilluminator (LM-20 | P/N 95044902, UVP Co., USA) was then used to evaluate the gels. 

The annealing temperature was one of the cycling parameters of each primer pair that was 

estimated using gradient PCR data. The ideal temperature for PCR operations was thought to 

be one that produced a single, crisp band with the least amount of background noise, non-

specific amplification, and primer-dimer formation. 

2.9.7. Real-time PCR  

The expression levels of SOD2 and TLR4 in brain tissues were measured using RT-

PCR. The CT-values was used to determine the dysregulated reference gene in AD patients. In 

every PCR cycle, the fluorescence spectra were captured during the elongation stage. During 

the PCR exponential phase, the amplification plots and CT-values were exported into a 

Microsoft Excel worksheet for further analysis. The reaction mixture was prepared using 

WizPure™ qPCR Master Mix (SYBR Green, Catalogue No: W2631, Wizbio, Korea). The 

PCR reaction mix is described in table 2.4. The amplification curves employed the quality of 

the PCR product. The values obtained from these trials were analyzed about gene expression 

using their ΔCt values after all values were normalized to those obtained for ß-actin. 

Table 0.4: qPCR Master Mix Preparation. The table shows the components of qPCR master mix 

preparation along with their quantities to make 20µl of PCR mix. 

2.9.8. Cycling Parameters for Real-time PCR  

In PCR cycling profile, 35 cycles were employed to achieve targeted DNA 

amplification. The process begins with a denaturation at 94°C (3 min), followed by annealing 

Sr.No RT-PCR Products Quantity 

1.  cDNA template  1.0 

2.  Forward primer  1.0 

3.  Reverse primer  1.0 

4.  SYBR green master mix  4.0 

5.  Nuclease free water  13.0   

 Total reaction volume  20µl 
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at 66°C (30 s) for SOD2 and TLR4, and last is the elongation at 72°C (45 s), as shown in figure 

2.7. 

2.10. SDS-PAGE 

Electrophoresis is one method for separating macromolecules in an electric field. SDS-

PAGE uses sodium dodecyl sulfate (SDS) as the support medium in a polyacrylamide gel to 

denature the proteins and make them linear. The most popular method is known as the Laemmli 

method, named for U.K. Laemmli, who published the first SDS-PAGE scientific investigation 

(Holman et al., 2013). Protein separation using SDS-PAGE can be used to assess protein 

distribution among fractions, relative molecular mass of proteins, relative quantity of proteins 

in a sample, and purity of protein samples.  

2.10.1. Protocol 

2.10.1.1. Sample Preparation 

We prepared the sample by weighing 20 mg of brain tissue and 1 ml of SDS lysis buffer 

(Appendix A) was added to fully submerge the tissue. The sample was then sonicated at 50 Hz 

for 30 minutes, after that a short spin was performed to remove any forth. The homogenized 

Figure 0.7: Cycling Parameters for qPCR. The figure shows the thermal cycling profile for SOD2 

and TLR4 
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sample was placed at 4°C overnight to ensure complete extraction. The following day, 

centrifugation was performed at 14000 rpm for 30 minutes at 4°C. After centrifugation, 

supernatant was collected, which contained extracted proteins, without disrupting the pellet. 

Protein lysates were store at -80°C till further use. Isolates having 50µg tissue protein were 

taken and distilled water was added respectively in protein isolates and laemmli buffer 

(Appendix A) was added in each sample. The samples were subjected to 95°C for 5 minutes 

for thermal digestion. They can be stored at -20°C until use. 

2.10.1.2. Gel Casting 

After preparing the protein lysates, gel casting was performed for SDS-PAGE. For that, 

12% resolving and stacking gel was made through pre-prepared stock solutions of acrylamide, 

SDS, tris-HCl and ammonium persulphate (Appendix A). the resolving gel was first prepared 

by combining these stock solutions along with TEMED to initiate polymerization. The gel 

solution was poured between glass plates in gel casting apparatus and isopropanol was added 

on top of resolving gel solution to ensure a smooth surface. After polymerization of resolving 

gel, isopropanol was removed carefully and stacking gel solution was poured on top of 

resolving gel and a comb was inserted to form wells for loading of protein samples. After 

complete polymerization of stacking gel, the gels were ready for electrophoresis.  

2.10.1.3. Electrophoresis  

1X running buffer (Appendix A) was prepared by diluting 10X running buffer. The 

prepared samples were poured into the stacking gel's wells together with a protein marker as 

reference. The gels were then subjected to electrophoresis tank filled with running buffer at 

constant voltage 100V till the loading reaches bottom of the gel, approximately 2.5 hours. 

2.10.1.4. Coomassie Staining and Destaining 

Once the electrophoresis was done, the gels were removed from the tank and washed 

with distilled water twice. The gels were fixed in a fixative solution (Appendix A) for one hour. 

After fixation, the gels were stained with Coomassie Brilliant Blue (Appendix A) for protein 

visualization and then destained, to remove any excess dye and enhance the contrast of the 

protein bands against a clear background, overnight with destaining solution (Appendix A). 

Utilizing Image J software, the destained gels were scanned and examined to measure the 

protein band intensity, facilitating cross-sample comparisons. 
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Figure 0.8: Protein separation using SDS-PAGE technique. This figure illuatrates the process of 

pouring sample into wells of the gel. The bands migrate from negative to positive electrode, which 

allows for the separation of proteins based on their molecular weight. 
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CHAPTER 3: RESULTS 

3.1.Behavior Assessment Results 

3.1.1. Evaluation of Learning and Memory Acquisition 

The Morris Water Maze (MWM) test measures an animal's time to escape, frequency 

of use of the target quadrant, and amount of time spent in the target quadrant to evaluate its 

spatial learning and recall. Figure 3-1 shows that the control group learned the most about the 

area with the most entries, the least escape delay, and the longest duration in the target quadrant. 

In contrast, the diseased group displayed notably longer escape latencies along with less entries 

and times in the target quadrant, indicating that the CNS disease had a major effect on the 

learning and retention of spatial memory in these animals. According to the MWM test results, 

NCDs-Rutin has more of an impact as seen by reduced escape latency, increased entry into the 

target quadrant, and duration spent there that is comparable to that of the control group. Though 

not as much as with the NCDs Rutin, both the CDs Rutin treated group and the Rutin therapy 

group showed improvement. 

Figure 0.1: Morris Water Maze test results. The graphs illustrate the (A) escape latency over six 

days of training, (B) time spent in the target quadrant, and (C) number of entries in the target 

quadrant. One-way ANOVA, followed by Tukey’s multiple comparison test, was used for statistical 

analysis. Error bars present SEM, ‘ns’ represent non-significant while *, ** and *** represents 

p<0.05, p<0.01 and p<0.001. 
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3.1.2. Spatial Memory and Exploratory Tendencies in Y-Maze Test 

Five groups were analyzed: control, disease, and three treatment groups, NCDs-Rutin, 

CDs Rutin, and Rutin. The number of entries in the familiar arm and the novel arm, as well as 

the percentage of alternations, were also examined in figure 3-2. Based on how many times a 

rat enters or exits the arms and how much time they spend in each arm, the Y maze test assesses 

their spatial memory and cognitive ability. In this study, there was a discernible difference in 

the responses between the diseased and control groups; the control group had more entries in 

the target quadrant than the diseased group, indicating improved spatial learning and 

exploratory activity. In line with decreased cognitive ability linked to the AD like state, the 

diseased group decreased the number of entries and the length of time spent in the target 

quadrant. However, among the treatment groups, entries of NCDs-Rutin group in novel arm 

was more than other two treatment groups.  

Figure 0.2: Effects of treatments on cognitive function and exploratory behavior in the Y-maze 

test. (A) Number of entries in the familiar arm across five groups: Control, Diseased, NCDs-Rutin, 

CDs-Rutin, and Rutin (B) Number of entries in the novel arm. (C) Percentage of alternations, 

reflecting working memory. Statistical significance was determined using one-way ANOVA followed 

by Tukey’s multiple comparison test with ‘ns’ represent non-significant while * and ** represents 

p<0.05 and p<0.01 indicating levels of significance. Data are presented as mean ± SEM. 
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3.1.3. Evaluation of Exploratory and Anxiety Response  

The results of OFT are given in figures 3-3 which shows the duration of stay in CA and 

PA in various groups of rats. The open field test was conducted to evaluate the anxiety-like 

behavior. Disease group spent less time in central as compared to control group, while among 

treatment groups, NCDs-Rutin spent more time in central area.  When compared to the disease 

group, the treatment groups showed an improvement in the amount of time spent in the CA. 

With averages getting close to 7 seconds, the NCDs-Rutin and CDs-Rutin groups among them 

demonstrated the most substantial improvements, albeit they were still below the levels of the 

control group. This implies that these medications may have some anxiolytic impact. Among 

all the treatment groups, the Rutin group was the least successful, yet it still showed 

improvement. The diseased group spent the most time in the peripheral area (PA), suggesting 

higher levels of worry. In line with their enhanced CA performance, the therapy groups spent 

less time in the PA than the sick group. Nonetheless, there was no discernible difference 

between the treatment groups' amounts of time spent in the PA. These findings suggest that 

although various therapies reduced anxiety-like symptoms brought on by AD, none completely 

brought behavior back to normal levels.  

Figure 0.3: Open Field Test Results. The Effects of Alzheimer's disease induction and subsequent 

treatments on rats' behavior in the open field test. The graphs illustrate the (A) time spent in the center 

area (CA) and (B) peripheral area (PA) across five groups. Statistical significance was analyzed using 

one-way ANOVA followed by Tukey's multiple comparison test. Data are presented as mean ± SEM, 

‘ns’ represent non-significant while *, **, *** and **** represents p<0.05, p<0.01, p<0.001, and 

p<0.0001. 
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3.1.4. Memory Retention and Object Recognition Performance in NOR Test 

Rats' cognitive abilities were evaluated using the novel object recognition (NOR) test. 

The test claimed to measure the amount of time the animals focused on a novel object, a 

measure that is utilized to assess an animal's potential for memory and recognition. The control 

group spent 15 seconds to recognize new object, indicating that they had the most intact 

cognitive function. The disease group, however, showed less time to explore because their 

investigation time was cut down to only five seconds, which is obviously indicative of 

cognitive impairment. Positive increases in the exploration time were observed when 

comparing the outcomes of the therapy groups to the sick group. In the treatment groups, CDs-

Rutin group showed the progress in the investigated time. Improvements were also observed 

in the NCDs-Rutin and Rutin groups during the experiment.  

Figure 0.4: Novel Object Recognition Test. The graph represents the control, diseased and 

treatment groups. The statistical analysis employed for the study involved the utilization of both one-

way ANOVA and Tukey's multiple comparison test. The error bars depicted the standard error of the 

mean (SEM), ‘ns’ represent non-significant while * represents p<0.05 
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3.2. Histological Evaluation of Neurodegeneration Changes in AD 

Histopathological analyses are crucial to the investigation of AD because they reveal 

changes in brain tissues at the specific tissue characteristics. The present research provides 

insights on the neuronal integrity and morphology of the cells, as well as the existence of 

several pathological characteristics such as neurofibrillary tangles and amyloid-β plaques, 

which are indicative of AD. Chromotographic methods for total cell density and anatomical 

brain concerns such as the cortex and the proportionate loss or degeneration pattern of neurons, 

such as H&E staining.  

In the past, thioflavin T (ThT) staining was emploid which binds to amyloid-beta 

plaques selectively and can be used as a semi-quantitative index of plaque burden as well as to 

measure the amount of amyloid deposition. Thus, it can evaluate the reversal for neuronal loss 

and amyloid deposition in this AD model by comparing the histological outcomes between 

control, diseases, and treatment alternatives such as NCDs-Rutin, CDs-Rutin, and Rutin. This 

evaluation is crucial because it provides evidence of the efficacy of the treatments by tracking 

the alterations in cellular and molecular mechanisms brought about by the therapy and 

comparing them to behavioral changes. 

3.2.1. Prevention of neuronal loss  

Staining tissues with H&E is a common method in histology for analyzing their 

morphology and structure. In this study, H&E staining was performed to assess neuronal 

density and overall cellular integrity in the cortex of AD induced and treatment groups. 

Hematoxylin stains cell nuclei a deep blue-purple, allowing for clear visualization of nuclear 

structures, while Eosin stains the cytoplasm and extracellular matrix pink, providing contrast 

that highlights the overall tissue architecture. In the context of AD, H&E staining is particularly 

useful for detecting neuronal loss, a hallmark of the disease. The diseased group typically 

shows a significant reduction in the number of neurons, indicative of neurodegeneration.  

In the control group, a high density of neurons with well-preserved cell morphology 

was observed, indicating healthy and intact cortical tissue. Conversely, the diseased group, 

representing AD induction, showed a significant reduction in neuronal density. The neurons 

appeared more dispersed with signs of degeneration, reflecting the neurodegenerative impact 

of Alzheimer's. Treatment with NCDs-Rutin showed a marked improvement in neuronal 

density compared to the diseased group. The tissue integrity appeared better preserved, 
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indicating a neuroprotective effect. Similarly, the Rutin treatment group displayed an 

improvement in neuronal density over the diseased group. While the neurons were more 

densely packed than in the diseased group, the overall density was lower than in the NCDs-

Rutin group. These results suggest that both NCDs-Rutin and Rutin treatments have 

neuroprotective effects, with NCDs-Rutin showing a potentially greater impact on preserving 

neuronal density in the cortex. The visual inspection supports these findings, indicating 

improvement in cellular integrity and reduction in neurodegeneration markers in the treatment 

groups compared to the diseased group, as shown in figure 3.5. 

Figure 0.5: Histological examination of the cortex using H&E staining. Representative 

micrographs show the neuronal cell density in the cortex across different groups. (A) Control group, 

(B) Diseased group (Alzheimer's model), (C) NCDs-Rutin treated group, (D) CDs-Rutin, and (E) 

Rutin treated group. 

3.2.1.1.Neuronal Density in Cortical Region 

The control group exhibited the highest number of cortical neurons, with a mean count 

exceeding 4000, reflecting healthy, undamaged tissue. In contrast, the diseased group, 
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representing AD induction, showed a significant reduction in neuronal count, with a mean 

around 2000, indicating substantial neurodegeneration typical of Alzheimer's pathology. 

Treatment with NCDs-Rutin demonstrated a significant improvement in neuronal density 

compared to the diseased group, with a mean count approximately 3000. This result suggests 

a neuroprotective effect of NCDs-Rutin, as evidenced by the significant differences (p<0.001) 

when compared to the diseased group. Similarly, the CDs-Rutin and Rutin groups also showed 

significant increases in neuronal density compared to the diseased group, albeit to a slightly 

lesser extent than NCDs-Rutin. Both groups had mean neuronal counts closer to 2500, 

highlighting their beneficial impact on cortical neuronal preservation. 

Despite the improvements seen with all three treatment groups, there were no 

statistically significant differences among them, suggesting that while each treatment offers 

neuroprotection, their efficacies are comparable. The significant differences observed between 

the control and diseased groups underscore the extent of neuronal loss due to Alzheimer's, 

while the treatment groups' improved neuronal counts illustrate their potential in mitigating 

such neurodegeneration. These findings support the therapeutic potential of Rutin and its 

nanoparticle-bound forms in preserving neuronal integrity in AD models. 

3.2.2. Analysis of Amyloid Aggregation with Th T Staining  

The ThT staining results, as shown in image 3.7, highlight the presence and distribution 

of amyloid plaques in the cortex of different experimental groups, shown in figure 3.7. Image 

A depicts the control group, showing a sparse distribution of amyloid plaques, as expected in 

healthy brain tissue. Image B, representing the disease control group, shows a marked increase 

in amyloid plaque accumulation, indicating successful induction of AD pathology. This serves 

as a baseline to compare the effectiveness of the treatment groups. In Image C, the NCDs-Rutin 

treated group demonstrates a noticeable reduction in amyloid plaques compared to the disease 

control group. This suggests that the combination of NCDs and Rutin has a beneficial effect in 

mitigating amyloid deposition. Image D shows the CDs-Rutin treated group, which also 

exhibits a reduction in plaque accumulation, albeit slightly less pronounced than the NCDs-

Rutin group. This indicates that CDs in combination with Rutin are effective but potentially 

less so than NCDs. Finally, Image E shows the group treated with Rutin alone. This group also 
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shows a reduction in amyloid plaques compared to the disease control group, though the 

reduction appears to be less significant compared to the other two treatment groups. 

3.2.2.1.Limited Formation of Aß Aggregates 

The ThT staining results, figure 3.8, illustrate the impact of AD and the subsequent 

effects of various treatments on amyloid plaque accumulation in the cortex. The control group 

exhibited the lowest number of amyloid plaques, highlighting a baseline condition with 

minimal pathological changes. In stark contrast, the disease control group showed a significant 

increase in amyloid plaque accumulation, a hallmark of AD pathology. This increase was 

statistically significant (**** represents p < 0.0001) compared to the control, figure 3.8, 

confirming the successful induction of the disease model. Treatment with NCDs-Rutin, CDs-

Figure 0.6: Quantification of neuronal cell count in the cortex using H&E staining. The graph 

compares the number of cortical neurons across five groups: Control, Diseased, NCDs-Rutin, CDs-

Rutin, and Rutin. One-way ANOVA, followed by Tukey’s multiple comparison test, was used for 

statistical analysis. Error bars present SEM, ‘ns’ represent non-significant while *, *** and **** 

represents p<0.05, p<0.001, and p<0.0001. 
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Rutin, and Rutin demonstrated a notable reduction in the number of amyloid plaques compared 

to the disease control group, indicating the therapeutic potential of these treatments. The NCDs-

Rutin group showed a significant reduction (* represents p < 0.001) in amyloid plaques. 

However, no significant differences were observed among the treatment groups themselves 

(ns, not significant), suggesting comparable efficacy in reducing amyloid plaque burden.   

Figure 0.7: Thioflavin T (ThT) staining results of amyloid plaque distribution in the cortex 

across different experimental groups. (A) Control group, showing minimal amyloid plaque 

accumulation. (B) Disease control group, showing significant amyloid plaque accumulation. (C) 

NCDs-Rutin treated group, demonstrating a reduction in amyloid plaques. (D) CDs-Rutin treated 

group, showing a reduction in amyloid plaques, less pronounced than the NCDs-Rutin group. (E) 

Rutin treated group, showing a reduction in amyloid plaques compared to the disease control group, 

but less significant than the NCDs-Rutin and CDs-Rutin groups. 



40 
 

3.3.PCR Results 

3.3.1. Gradient PCR Results 

To optimize the annealing temperatures for the primers specific to SOD2 and TLR4 

genes, gradient PCR was performed using brain tissue samples from rats. The expected 

amplicon sizes for SOD2 and TLR4 were 113 base pairs and 506 base pairs, respectively. The 

gradient PCR was conducted over a temperature range of 58°C to 68°C to determine the 

optimal annealing temperature that minimizes primer-dimer formation and nonspecific 

binding. The gel electrophoresis results of the gradient PCR are depicted in Figure 18. Distinct 

bands corresponding to the expected fragment sizes of SOD2 and TLR4 were observed across 

the temperature gradient. For both SOD2 and TLR4, the most prominent and specific bands 

without any primer-dimers or nonspecific binding were observed at an annealing temperature 

of 66°C. At this temperature, the bands for SOD2 were clearly visible at 113 base pairs, while 

Figure 0.8: Analysis of Amyloid Plaque Accumulation in the Cortex via ThT Staining. The graph 

compares the number of amyloid plaques in the cortex among five groups. One-way ANOVA, 

followed by Tukey’s multiple comparison test, was used for statistical analysis. Error bars present 

SEM, ‘ns’ represent non-significant while *,**, *** and **** represents p<0.05, p<0.01, p<0.001, 

and p<0.0001. 
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the bands for TLR4 appeared at 506 base pairs, confirming successful amplification of the 

target sequences. Temperatures below and above 66°C resulted in either weaker bands or the 

presence of primer-dimers and nonspecific products, as indicated by additional bands or 

smearing on the gel. This finding suggests that 66°C is the optimal annealin temperature for 

the specific amplification of SOD2 and TLR4 without unwanted byproducts. 

3.3.2. Real-Time PCR Results 

3.3.2.1.Relative Expression Level of SOD2 

The assessment involved measuring and normalizing the expression of these genes to 

ß-actin, serving as a housekeeping gene for internal control. The results indicate a distinct 

modulation in gene expression patterns. The expression of SOD2 was significantly altered 

among the experimental groups, as illustrated in the figure 19. The disease group, which was 

induced with AD, showed a notable decrease in SOD2 expression compared to the control 

group, highlighting the oxidative stress and impaired antioxidant defense mechanisms 

Figure 0.9: Polymerase Chain Reaction (PCR) analysis of rat brain, aimed to evaluate SOD2 and 

TLR4 gene expression reveals distinct bands on gel electrophoresis corresponding to expected DNA 

fragment sizes on the temperature range from 58 to 68°C. At an optimized temperature of 66˚C, 

prominent bands at 113 base pairs indicate successful amplification of SOD2, while bands at 506 base 

pairs signify successful amplification of TLR4. This demonstrates the effective assessment of gene 

expression through PCR. 
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associated with Alzheimer’s pathology. Conversely, all three treatment groups exhibited a 

marked increase in SOD2 expression when compared to the disease group. The NCDs-Rutin, 

CDs-Rutin, and Rutin groups each demonstrated enhanced SOD2 levels, indicating the efficacy 

of these treatments in upregulating antioxidant defenses and potentially mitigating the 

oxidative damage associated with AD. Among the treatment groups, the Rutin group exhibited 

the highest level of SOD2 expression. The NCDs-Rutin group also showed elevated SOD2 

expression compared to the control group, though to a lesser extent than the Rutin group. The 

CDs-Rutin group demonstrated an increase in SOD2 expression compared to the disease group 

but did not exceed the control group's levels as shown in figure 3.10. 

Figure 0.10: Relative expression of SOD2 (Normalization to beta actin). Different experimental 

groups reveal significant upregulation in antioxidant defense in treatment groups compared to the 

disease group. Rutin treatment exhibits the highest increase, surpassing control levels, followed by 

NCDs-Rutin and CDs-Rutin groups. Data are displayed as ±SEM. The non-parametric one-way 

ANOVA and the Tukey multiple comparison test were used in the statistical analysis. Error bars 

present SEM, ‘ns’ represent non-significant while * represents p<0.05. 
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3.3.2.2.Relative Expression Level of TLR4 

The relative expression of TLR4 was significantly elevated in the disease group 

compared to the control group (p < 0.01). This suggests that AD pathology is associated with 

an upregulation of TLR4, a pattern recognition receptor involved in innate immunity and 

inflammation. The treatment groups, which included NCDs-Rutin, CDs-Rutin, and Rutin, 

exhibited a reduction in TLR4 expression compared to the disease group. However, these 

reductions were not statistically significant when compared directly to the disease group, 

indicating that while there was a trend towards normalization, it was not substantial enough to 

reach significance in this experimental setup. Among the treatment groups, there was no 

significant difference in TLR4 expression levels. This suggests that all three treatments, NCDs- 

Rutin, CDs-Rutin, and Rutin, had a similar effect on TLR4 expression, which was not 

significantly different from each other or the control group. 

Figure 0.11: Relative expression of TLR4 (Normalization to beta actin). In graph, treatment 

groups showed significant downregulation compared to disease group. Data are displayed as ±SEM. 

The non-parametric one-way ANOVA and the Tukey multiple comparison test were used in the 

statistical analysis. Error bars present SEM, ‘ns’ represent non-significant while * and ** represents 

p<0.05 and p<0.01. 
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3.4.SDS-PAGE 

3.4.1. Coomassie Stained Gel 

The gel image presents an SDS-PAGE analysis in which coomassie staining was used to 

visualize the proteins. The first well was loaded with protein ladder which acts as a reference 

of molecular weight and the subsequent wells show various experimental groups. Different 

protein bands are visible on the stained gel, the presence and intensity of these bands vary 

between groups suggesting differential protein expression. The specific up-regulation and 

down-regulation in protein targets was determined by using image J software. 

3.4.2. Differential Protein Expression in AD 

The comparative analysis of protein targets across various molecular weight ranges 

reveals significant differences between groups. The protein targets were quantified using image 

Figure 0.12: Total protein bands on SDS-PAGE stained with coomassie stain. In the first well, 

protein marker range from 10kDa-180kDa was poured, after that all wells were poured with equal 

concentration of protein, 20µg/µl. There were five groups, control, diseased, and three treatment 

groups, NCDs-Rutin, CDs-Rutin and Rutin, each group contains three samples so each well was 

poured with one sample. After running electrophoresis, gel bands were fixed in a fixative, along with 

coomassie stain for one hour and destaining for overnight. 
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J software, allowing for a detailed comparison of expression level at different molecular 

weights. The analysis included the measurement of approximate molecular weights of 

unknown proteins, providing insights into potential roles. This has allowed for the 

identification of differentially expressed proteins, revealing alterations in protein profiles 

linked to AD and the outcomes of different treatments were made possible.  

The target proteins with molecular weight between 180-130-kDa, 70-55-kDa, 40-35-

kDa and at 40-kDa revealed the upregulation in the diseased group compared to control group. 

Their approximate calculated molecular weights are 140-kDa, 64-kDa, 39-kDa and 40-kDa. 

Similarly, it was shown that treatment with NCDs-Rutin, CDs-Rutin, and Rutin considerably 

reduced band intensities in comparison to the disease group. The treatment groups significantly 

improved, particularly NCDs-Rutin and CDs-Rutin showed better results but there is no 

significant difference between treatment groups. However, Rutin by itself also significantly 

reduced the intensity when compared to the disease group, though not as much as treatments 

with formulations attached to nanoparticles did as shown in figure 3.13A, C, F and G. In 

contrast, the protein band intensities at 70-kDa, 55-kDa, 10-kDa, between 55-40-kDa and 35-

10-kDa was highest in control group and significantly reduced in disease group. Their 

estimated molecular weights are 70-kDa, 55-kDa, 10-kDa, 47-kDa and 23-kDa. However, the 

treatment groups improved their level by upregulation. Among the treatment groups, NCDs-

Rutin and CDs-Rutin showed better results than Rutin group but there was not significant 

difference between all treatment groups, figure 3.13 B, D, E, H and I. 
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Figure 0.13: Differentially regulated protein bands of control, diseased and treatment group were 

measured. (A) Protein targets were measured against molecular weight between 180-130kDa where 

NCDs-Rutin treatment group is showing significant results than other two treatment groups, also it is 

significant than disease group, (B) at 70kDa, NCDs-Rutin and Rutin group is significantly increased 

compared to disease group, (C) between 70-55kDa, in which NCDs-Rutin and CDs-Rutin is giving 

better result than Rutin group and also reduced level from diseased group, (D) at 55kDa, treatment  is 

showing better results than diseased but not signicantly improved, (E) between 55-40kDa, treatment 

groups are giving comparatively better results than diseased group, while Rutin is showing significant 

result among treatment groups, (F) at 40kDa, here CDs-Rutin is showing improvement compared to 

other treatment groups, while in comparison to disease group, all treatment groups is showing reduced 

level but not as significant, (G) protein intensity between 40-35kDa, treatment groups are significantly 

showing better results than diseased group, NCDs-Rutin has improved its level than other treatment 

groups, (H) between 35-10kDa, treatment groups are significantly increased compared to disease 

group, while CDs-Rutin treatment group is showing significant results among treatment groups, (I) 

protein level at 10-kDa where disease group reduced it level than control, treatment groups showed 

least improvement and it was not significant compared to diseased group. Data are displayed as 

±SEM. The non-parametric one-way ANOVA and the Tukey multiple comparison test were used in 

the statistical analysis. Error bars present SEM, *, **, *** and **** represents p<0.05, p<0.01, 

p<0.001, and p<0.0001. 
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CHAPTER 4: DISCUSSION 

Significant attempts have been used in studying the pathogenesis of AD for last 

decades, and amyloid hypothesis is currently holding by most of the laboratories and clinics 

around the globe. Some of them involves drugs designed to increase Aβ catabolism or decrease 

its synthesis: reported to decrease Aβ in animal models or in patients with AD, but did not yield 

favourable results on clinical outcomes of the disease. However, failure does not mean the stop 

of clinical trial or thinking the Aβ hypothesis is wrong. In the present study we have explained 

the effectiveness of Rutin, a small molecular which could significantly improve the learning 

and memory deficit in rats and thus it is a potential therapeutic drug for treatment of AD(Selkoe 

& Hardy, 2016). Besides, to compare the efficacy of Rutin the sample Rutin-bound 

nanoparticles, NCDs and CDs were also synthesized and studied. Rutin whereby it acts as 

phenolic anti-oxidant, has several pharmacological effects under several pathological 

conditions.  

The compounds of Rutin show many pharmacological actions such as anti-oxidant, 

anti-inflammatory, and neuroprotective. Due to these properties, Rutin may be considered as a 

potential drug for AD treatment, as oxidative stress and inflammation played crucial role in the 

development of AD. Research has shown that Rutin on one hand plays the role of a free radical 

scavenger and on the other hand, it stimulates the function of the endogenous antioxidant 

enzymes. Also, it has been indicated that Rutin downregulates the production of pro-

inflammatory cytokines and decreases microglial and astrocytic activation. According to a 

study it was found that the beneficial effects of Rutin on Aβ, oxidative stress, and 

neuroinflammation lead to the improvement of spatial memory in AD mice (Xu et al., 2014).  

Rutin modulates antioxidant enzymes such as, SOD, catalase, and glutathione 

peroxidase and therefore exhibits the efficacy to cope up the oxidative stress. It is an antioxidant 

that mops up free radicals such as reactive oxygen species (ROS) and reactive nitrogen species 

which are increased in AD and which cause harm to neurons. It also helps to suppress 

inflammation through down regulation of nuclear factor-kappa B (NF-κB) which is a well-

known mediator of inflammation. Through the inhibition of NF-κB, Rutin decreases the 

production of pro-inflammatory cytokines, viz, TNF-α, IL-1β as well as interleukin-6 (IL-6). 

It also assists in modulating the inflammatory response that may harm neurons thus playing a 

major role in reducing inflammation to the neurons (Ganeshpurkar & Saluja, 2017). However, 

it has a low bioavailability and cannot readily cross blood-brain barrier (BBB) which becomes 
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a problem in certain clinical cases. The BBB is a very tight barrier involved in defending the 

brain against toxic substances while controlling the movement of the molecules into and out of 

the brain. But this protective function complicates the delivery of many therapeutic agents to 

the CNS. Since Rutin appears to be highly hydrophilic and possesses a large molecular mass, 

it encounters notable barriers in its ability to cross into the BBB and deliver the needed 

concentrations necessary for exerting the medicine’s therapeutic impact (Xu et al., 2014), 

Due to this limitation, further studies have been conducted using nanoparticle-based 

drug delivery system in order to promote the delivery of Rutin to the brain. Nanoparticles are 

very small particles which can be synthesized to encapsulate therapeutic materials and help 

them to cross barriers such as the BBB. Several classes of nanoparticles, for example liposomal, 

polymeric and solid lipid nanoparticles have been contemplated for their exhibition in 

encapsulating Rutin and enhancing the pharmacokinetic behaviour of the material (Hersh et 

al., 2022). In the present investigation, Rutin-conjugated nanoparticles were used to investigate 

and compare the extent of delivery of Rutin in an Alzheimer’s model of rat. The use of 

nanoparticles offers several advantages: They can help to preserve Rutin and prevent its 

decline, increase its solubility and maintain its gradual supply in the organism. Besides, the 

used nanoparticles can be surface modified with targeting ligands that help the nanoparticles 

to be taken up by the Brain endothelial cells and transported across the BBB through receptor 

mediated transcytosis (Song et al., 2023). 

Behavioral testing was conducted to evaluate the cognitive and memory functions in 

the rat models of AD using four different tests: Such test includes the MWM, Y-Maze, Open 

Field, and NOR. The MWM test is an effective and common employed behavioral test for 

staging spatial learning and memory in rodents. The MWM test in the present study is the 

process of training the rats to find the submerged platform in a tank filled with water for days. 

The current findings showed that escape latency and the distance traveled by rats of the AD 

group were significantly higher compared to the control group; therefore, it can be deduced 

that AD interfered with the cognitive function of the disease model rats. Nevertheless, rats 

which received Rutin significantly decreased the escape latency and path length proving the 

enhancement of the spatial learning and memory abilities. Particularly, the escape latency of 

the rats subjected to Rutin was reduce from about 70s before training to about 40s by the end 

of training. In another study Rutin enhanced cognitive and mnemonic processes in different 

animal models of neurodegeneration during this test (Sun et al., 2021). 



49 
 

NCDs-Rutin further ameliorated the rats’ condition, the escape latencies being reduced 

to 35 ± 1.52 seconds thereby confirming the better efficacy of Rutin when administered through 

NCDs. This is supported by other works showing that drug delivery formed from nanoparticles 

offered better delivery and effectiveness. It is important to special underline the rats treated 

with CDs-Rutin by which the average escape latency has been improved to be close to the 

control group’s level 30 seconds together with good path length. This implies that CDs 

contribute a lot to the bioavailability and performance of Rutin in combating cognitive 

impairment in AD. 

The Y Maze test measures the working memory and the cognitive flexibility in the 

rodents. Hence, in this study, AD induced rats performed much worse than the control rats in 

terms of the working memory since they displayed a significantly low number of L1 group 

spontaneous alternation behavior. More specifically, AD-induced rats got about 40 percent of 

the points that concern the spontaneous alternation percentage, while the control rats got 70 

percent of such a type of points. After the treatment with Rutin the rats demonstrated the 

increase in the level of the spontaneous alternation behavior up to the 60%. These outcomes 

correspond with earlier investigations where it was discovered that Rutin enhanced 

effectiveness in the Y Maze test, which is in models of cognitive deficits (Sun et al., 2021). 

The rats in the NCDs-Rutin group exhibited a heightened reaction with a slight increase of the 

behavioral test for spontaneous alternation to about 65%. This implies that the Rutin 

neuroprotection by NCDs is improved. The greatest enhancement was noticed in groups 

receiving CDs-Rutin, the spontaneous alternation activity was 72.8 percent. This shows that 

besides the effect of CDs-Rutin in replenishing the working memory, its impact is more 

superior than that of Rutin alone on the working memory performance of the participants. This 

is in concord with literature supporting the notion that nanoparticle aid in the enhancement of 

drug efficiency and their delivery to the brain sites. 

Open field test is commonly applied in the evaluation of ambulatory activity and also 

has a role in measuring of anxiety levels in rodents. Our investigation showed that for AD-

induced rats, the time spent on the central area of the open field was significantly decreased 

suggesting the increased anxiety-like behavior and the reduced exploration that is in 

concordance with the previous studies that implicated Alzheimer’s pathology with increased 

anxiety and locomotor dysfunction (Sun et al., 2021). On the time spent in the central area, 

there was an indication that the treatment groups that included Rutin and NCDs-Rutin had a 
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significant improvement based on the disease group. This change indicates a decrease in 

anxiolytic activity and an increase in activity exploration. Consequently, in another research, 

where flavonoid therapeutic where the effects of Rutin was beneficial in models of 

neurodegenerative diseases included reduced anxiety and increased locomotor activity. These 

findings are supported by our results and suggest that Rutin as well as formulations containing 

Rutin nanoparticles may be effective in reducing anxiety and increasing the exploratory activity 

in the models of AD (Horka et al., 2024). 

NOR test represents a measure of recognition memory, which is based on the 

Hippocampus and, more specifically, hippocampal dependent memory working; this is 

severely affected in AD. Thus, our findings where AD induced rats took lesser time exploring 

the novel object compared with control rats are consistent with the literature databases and 

confirm the effect of AD on recognition memory. The treated rats using the Rutin, NCDs-

Rutin, and CDs-Rutin showed significant improvement in the recognition memory as compared 

to the disease group, the rats spent more time exploring the novel object than the disease group. 

Thus, CDs-Rutin exhibited the maximum improvement among the treatment groups and rose 

even higher than the other treatment groups and was almost on par with control. This means 

that by formulating CDs, the bioavailability and efficiency of Rutin for the treatment of 

cognitive impairment maybe boosted (Guo et al., 2022). 

Morphological analysis is incredibly valuable as it includes information on structural 

shifts and the signs of pathological processes in AD. Several changes in the tissue 

characteristics occur in these cases, including; H&E staining and ThT staining are some of the 

most common techniques used in evaluating such changes. AD models in cultures generally 

show some sizable changes in the histopathological features using H&E staining which 

includes; decrease in the number of neurons, increase in cells and nucleus, and vacuolated 

neuron. These changes are consistent with the protracted neuropathological processes in which 

AD is constituted (Zerrouki et al., 2021). In the diseased group, the cerebral atrophy was 

pronounced while for the respective groups treated with, especially the NCDs-Rutin treatment; 

significant enhancement was observed. Based on these findings, NCDs-Rutin group had denser 

neuronal elements and less cell lesion, suggestive of neuroprotection against NCDs. These 

results corroborate other studies that propose that flavonoids therapies, especially those related 

to nanoparticle, can improve neuronal viability and decrease the pathophysiological hallmarks 

of AD. 
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ThT staining has high specificity for amyloid plaques which is one of the hall marks of 

AD. It did depict that the diseased set of the patients had a higher density of amyloid plaques 

and the groups that received treatment were found to have a lesser deposition of these plaques. 

According to the treatments done in this study, it was evident that NCDs-Rutin has the most 

pronounced effect in reducing the formation of amyloid plaques compared to CDs-Rutin and 

Rutin. hese findings are in line with other published works that indicated that Rutin and its 

nanoparticle formulations may be useful in combating amyloid load. This achieved clearance 

of amyloid plaques can be associated with antioxidant and anti-inflammatory effect of Rutin 

and also due to optimization of the delivery and bioavailability by using the nanoparticles 

conjugation (Sun et al., 2021). 

After the histological assessment, a molecular assessment of gene expression of SOD2 

and TLR4 was done since these both are inflammatory markers related to oxidative stress in 

AD. In the mitochondria superoxide anions are neutralized by SOD-2. There have been 16 AD 

mouse models having low SOD-2 which results in early cognitive decline and elevated brain 

Aβ. Quantitative changes of an antioxidant enzyme SOD 2 in an AD model were the measure 

of oxidative stress across the experimental groups. As for the SOD2, the result showed that 

expression in the disease group was significantly lower than that in the control group, which 

illustrated the fact that the antioxidant defense deteriorated in AD based on the previous study 

that pointed out increased oxidative stress and mitochondrial dysfunction in AD. Reduced 

quantities of SOD2 in the disease group were critical due to the oxidative damage seen in the 

neurodegenerative diseases and supported oxidative stress as a factor in AD (Wiener et al., 

2007). 

The treatment groups receiving Rutin, NCDs-Rutin, and CDs-Rutin demonstrated 

significant upregulation of SOD2 expression compared to the disease group. Among them, 

Rutin-treated group possessed the highest expression of SOD2 which is still higher than that 

of the control. This huge up regulation suggests there was a good anti oxidative response this 

could be due to free radical scavenging of Rutin or the effects of Rutin on antioxidant enzymes. 

The level of SOD2 was also up-regulated in the NCDs-Rutin group, which was higher than the 

control, but lower than the Rutin group; This demonstrates that the nano-carrier formulation of 

Rutin increases its bioavailability and effectiveness. CDs-Rutin treatment significantly 

upregulated SOD2 expression to 135 ± 3.87% of the Con group, which was less effective than 

Rutin and NCDs-Rutin, but better than the disease group. Overall, the current studies imply 
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that Rutin as well as its nanocarriers could help in fortifying the antioxidant capacity and 

combating oxidative stress in AD. Concerning these findings, it can be concluded that the 

observed neuroprotective effects of Rutin in the present study are mainly due to its antioxidant 

activities. Literatures have also revealed that flavonoids such as Rutin modulate the 

endogenous antioxidant enzyme which helps to protect the neurons from oxidative stress and 

hence increase the neuronal survivability in the AD models. The increased efficiency that is 

usually associated with Rutin particles can therefore be explained by better dispersion and 

superior stability that allows for increased effect. In essence, therefore, our results support the 

existing literature and give hope for the therapeutic effectiveness of Rutin especially the nano-

formulated to mitigate oxidative stress in AD. 

Comparing the data on TLR4 levels in different experimental groups can be useful for 

understanding the inflammatory changes in the context of AD and possible treatments. Indeed, 

in our study the disease group has higher levels of TLR4 than the control group, consistent with 

previous studies that associate increased TLR4 signaling to neuroinflammation in AD. TLR4 

as an essential part of the immune sensing participates in signaling in response to PAMPs and 

DAMPs. This was evidenced by the high expression level of TLR4 in the disease group as 

compared to the control group, implying that neuroinflammation is more pronounced in 

patients with the disease as expected in AD. The treatment groups that received NCDs-Rutin, 

CDs-Rutin, and Rutin all exhibited a tendency in the change of TLR4 expression, but not a 

significant difference when compared to the disease group. This is an important indication of 

possible anti-inflammatory effects of these treatments. Being a well-established flavonoid, 

Rutin is scientifically characterized as having anti-inflammatory and antioxidant activities, all 

of which could explain the observed TLR4 modulatory effect of the compound. Specifically, 

the NCDs and CDs conjugated with Rutin contain nanoparticles that make Rutin better in 

delivery and therapeutical effect (Wu et al., 2022). 

In molecular weight range of 180-130 kDa, significant differences in the expression of 

the protein were observed between the control, diseased, and treatment groups. The band 

intensity of the diseased group was significantly higher (p < 0.01) than that of the control group, 

indicating upregulation of protein in Alzheimer's disease. This range contain proteins like tau 

or APP that are linked to neurodegeneration. Protein levels in the NCDs-Rutin treated group 

were significantly lower (p < 0.05), and the difference was statistically significant when 

compared to the control level. Rutin as well as CDs-Rutin reduced protein expression (p < 
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0.05). AD affects the production of numerous proteins, including those that may have functions 

in cellular maintenance or signaling like tubulin or other structural proteins, which are down-

regulated (Cyske et al., 2023). The control group showed a larger intensity at 70 kDa than the 

diseased group (p < 0.0001). The significant decline was observed in the disease group 

highlights the pathologically detrimental consequences of Alzheimer's on the human brain's 

proteome. When cells that are otherwise slowed by the disease are treated with NCDs-Rutin, 

the proteome protein abundance in this molecular weight class increases to nearly normal levels 

(p < 0.01), suggesting that this formulation may aid in the recovery of some normal functions. 

Similar to NCDs-Rutin, CDs-Rutin showed less reduction but still highly significant change in 

protein levels when compared to control levels, p < 0. 01 (Nguyen et al., 2024). 

The diseased group's protein level was considerably greater in the 70–55 kDa range 

than the control group's (p < 0.001), which may point to an increase in the production of 

proteins linked to neuroinflammatory or stress response. These molecular weight ranges may 

have connections to proteins, such as heat shock proteins (HSPs), or immune response 

components, which are often linked to Alzheimer's disease (Selkoe, 2004). Similarly, 

administering NCDs-Rutin significantly decreased band intensity to the closest baseline status 

(p < 0.0001), suggesting that the drug could counteract the disease's influence on protein levels. 

Rutin and CDs-Rutin similarly reduced protein expression (p < 0.05), however the effect was 

not as significant as it was with NCDs-Rutin. Protein expression is highest in the control group 

at 55 kDa, with a mean density of roughly 3000. In contrast to the control group, the diseased 

group exhibits significantly lower levels of protein expression together with higher band 

intensities (p < 0.0001). When comparing the effects of CDs-Rutin and NCDs-Rutin, a 

considerable restoration in protein expression is detected; nevertheless, the alterations that are 

found are not statistically significant when compared to the diseased group (p > 0.05). There is 

also a seeming similarity with Rutin alone, since there was no difference in the protein intensity 

levels between the parts treated with Rutin alone and the sections with bound Rutin 

nanoparticles (Schaffar et al., 2004).  

The control group has the highest intensity values (mean intensity of around 1000 units) 

in the molecular weight range of 55-40-kDa. In contrast, the diseased group exhibits a 

significant drop in protein expression in this molecular weight range (p < 0.001). When 

compared to the diseased group, the current treatment with NCDs-Rutin and CDs-Rutin slightly 

increases protein intensity, but the difference is not statistically significant (p > 0.05). 
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Comparing the Rutin treatment group to the diseased group and the nanoparticle-bound 

therapies reveals no difference in the intensity level, but it does demonstrate an increase similar 

to the findings on the increase in intensity of disease pathogenicity. When compared to the 

control group, the diseased group at 40 kDa molecular weight displayed an enhanced band 

density (****p<0.0001), which may indicate that proteins are up-regulated at this molecular 

weight in the Alzheimer's disease (AD) model. The tau protein and APP fragments are the 

proteins that are observed to be moved within the 40 kDa range in the majority of AD cases. 

The band intensities of the NCDs-Rutin and CDs-Rutin groups were relatively modest, and 

they were lower than those of the sick group, while there was no discernible difference. Earlier, 

controlled alterations were noted in the group receiving Rutin, where there appeared to be a 

partial reversal of typical protein concentrations (Walsh & Selkoe, 2004).  
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CHAPTER 5: SUMMARY OF RESEARCH WORK 

AD is a neurological disorder that worsens with time and impairs cognitive abilities 

generally as well as memory and spatial awareness. The development of Aß plaques and 

neurofibrillary tangles in the brain, which result in neuronal drop off and brain shrinkage, is 

the cause of this kind of dementia. Over the past ten years, the use of nanoparticles has 

increased, providing a means of improving therapeutic targeting and efficacy in the treatment 

of neurodegenerative diseases. In an AD rat model, the objective of this work is to assess the 

level of neuroprotection induced by the bioactive flavonoid Rutin and its nano-vehicles. Rutin 

is widely known for its neuroprotective qualities, anti-inflammatory characteristics, and 

antioxidant activity. However, significant issues with its low solubility and bioavailability 

make it difficult to get enough dosages of the medication to the target organ, the brain, which 

hinders its clinical application. This work aimed to use CDs and NCDs as Rutin carriers in an 

effort to overcome these difficulties.  

The male Wistar Han rats used as the experimental model for this experiment. Using 

D-galactose and AlCl3 as interventions, an AD model was created. For a specific period of 

time, the prescribed treatment plans were followed, and a series of behavioral tests was 

administered to evaluate cognitive function, spatial learning and memory, motor activity, 

anxiety-like and exploratory behavior, and recognition memory. Moreover, PCR analysis using 

the SOD2 and TLR4 primers was performed to examine the molecular basis of these behavioral 

improvements. At 66°C, when these primers were developed, no primer dimer formation or 

sequences other than target sequences occurred. Additionally, histological staining such as 

H&E was used to examine overall tissue morphology and ThT was used to examine the 

development of amyloid plaques. H&E staining of the AD-induced rats' hippocampal and 

cortical structural disarray and loss of neurons were both validated. However, Rutin and its 

nanoparticle formulations helped to partially offset these histopathological alterations, and the 

CDs-Rutin group showed the highest level of protection. Therefore, ThT staining supported 

the reduction in amyloid plaque observed in the Rutin and its nanoparticle-treated groups, 

indicating that these treatments may be able to avert the consequences of AD. These findings 

lead the research team to assume that Rutin, particularly bounded with nanoparticles, may be 

developed into a treatment for AD.
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CHAPTER 6: CONCLUSION AND FUTUTRE RECOMMENDATIONS 

AD is still considered one of the most significant issues in the study of 

neurodegenerative illnesses because of its intricate etiology, which involves amyloid-beta 

plaques, neurofibrillary tangles, and numerous neuronal deaths. In light of this, the current 

study's specific goal was to use an animal model of AD to examine the preventive effects of 

Rutin and its nano-carrier systems, which include CDs and NCDs. This study provides 

evidence that these treatments may be able to mitigate cognitive function deficits and lessen 

the neuropathological changes associated with AD. Numerous research has focused on Rutin 

because of its neuroprotective, anti-inflammatory, and antioxidant properties. However, 

problems with low solubility and thus low bioavailability limit its clinical applicability. 

Because Rutin's solubility, stability, and ability to pass the blood-brain barrier can all be greatly 

enhanced by nanoparticles, the challenges associated with Rutin use have also stimulated the 

idea of employing them as delivery systems. This viewpoint presents a possible innovation for 

augmenting the therapeutic effects that Rutin is intended to have in the management of AD. 

Behavioral tests revealed that the significantly low cognitive functions had been spared, 

and all therapy groups showed improvement as compared to the AD-induced group. The fact 

that the CDs-Rutin group saw the greatest increase, however, suggests that CDs play a 

significant role in enhancing Rutin's bioavailability and effectiveness. The molecular details 

for the specific and non-specific binding, as well as the associated molecular pathologies, were 

shown by PCR studies for SOD2 and TLR4. Thioflavin T (ThT) staining and histological 

inspection, which also showed that neuronal loss and amyloid plaque formation were 

significantly lower in the tested groups, supported this. 

The potential usefulness of nanoparticles in the treatment of AD is demonstrated by the 

ability of CDs-Rutin nanoparticle formulations to boost drug efficacy. These formulations have 

the potential to be useful therapeutic agents since they improve cognitive function and reduce 

neuropathological changes. Consequently, it can be said that CDs-Rutin performed better than 

the other formulations, opening the door to further research and development of this compound 

as a prospective remedy. 

Based on the findings of this study, several directions, nonetheless, might need further 

investigation in order to support the theory of the effectiveness of Rutin in treating AD and the 

efficacy of its nanoparticle forms. Initially, thorough analyses of the molecular mechanisms 
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underlying the protective benefits of the aforementioned treatments are required, utilizing 

particular markers. It will be feasible to create more targeted and potent treatment plans and 

optimize the dosing regimens for Rutin and its nanoparticles if the precise mechanisms by 

which they function are clarified. Moreover, longitudinal studies must be carried out to assess 

the durability of identified favorable trends and potential negative consequences. Long-term 

rodent administration of these therapies in these animal models will provide crucial information 

on their effectiveness and toxicity for the planning of potential clinical trials. 

Additionally, more research ought to be done on the potential for larger-scale 

nanoparticle manufacturing and replication. To make it function clinically, it is crucial to 

adhere to the exact quality and performance of the created nanoparticles. Thus, thorough 

investigations into different types of nanoparticles and their suitability for Rutin delivery could 

contribute to increasing the potential applications of this drug. Expanding the scope to include 

additional neurodegenerative disease models, however, would facilitate a more thorough 

comprehension of the broader applicability of these curative methods. Therefore, the generality 

and stability of the effects stated above will be revealed by additional comparative studies using 

animal models with varying degrees of AD pathology and different kinds of nanoparticulate 

Rutin. The final and most important milestone is the switch from in vitro/in silico to in vivo. 

The development and implementation of clinical trials will necessitate interdisciplinary 

collaboration to validate the application of these medicines in humans. Nevertheless, a number 

of steps will need to be taken in order to attempt translating these findings into the clinic, such 

as establishing the kind of endpoints to be evaluated, patients to be targeted, and regulatory 

criteria.
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Appendices 

Appendix A: Composition of Buffers for SDS-PAGE 

SDS Lysis Buffer 

Sr.No Components  Quantity g/10ml 

1.  SDS 1 

2.  50mM Tris-HCl 1.2 

3.  10mM EDTA 1.5 

4.  Glycerol  1 

5.  Protease Inhibitor 1µl 

6.  Distilled Water 6.2 

 

 1.5M Tris-HCl, pH 8.8 solution 

Sr.No Components Quantity g/100ml 

1.  Tris-HCl 23.64 

2.  Distilled water 100 

Dissolve tris HCl in 80ml autoclave distilled water. Adjust pH to 8.8 and then add water to 

make final volume up to 100ml. 

1M Tris-HCl, pH 6.8 solution 

Sr.No Components Quantity g/100ml 

1.  Tris-HCl 15.76 

2.  Distilled water 100 

Dissolve tris HCl in 80ml autoclave distilled water. Adjust pH to 6.8 and then add water to 

make final volume up to 100ml. 

Acrylamide 40% 

Sr.No Components Quantity g/100ml 

1.  Acrylamide 38.67 

2.  Bis acrylamide 1.33 



69 
 

3.  Distilled water 100 

Dissolve both acrylamide and bis-acrylamide in autoclaved distilled water. Store in brown 

bottle at 4C°. 

10% SDS Solution 

Sr.No Components Quantity g/10ml 

1.  SDS 1 

2.  Distilled water 10 

 

10% APS 

Sr.No Components Quantity g/10ml 

1.  APS 1 

2.  Distilled water 10 

Dissolve APS in water. Prepare fresh after 1 week. 

1X Laemmli sample loading buffer 

Sr. No.  Components Quantity 8ml 

1.  

 

1M Tris-HCl, pH 6.8 0.4 

2.   

 

Glycerol 0.8 

3.  

 

10% SDS 1.6 

4.  

 

Distilled water 4.8 

5.  

 

Bromophenol blue (10%) 

w/v 

20ul 

6.  DTT 5 

Dissolve all chemicals (1-5) in autoclaved distilled water. Add DTT prior to use. Store at room 

temperature. 

10X SDS-PAGE running buffer, pH 8.3 

Sr. No.  Components Quantity g/100ml 
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1.  Tris base  3 

2.  Glycine  14.4 

3.  SDS  1 

4.  Distilled water  100 

 Dissolve all chemicals in autoclaved distilled water. pH should be 8.3 without adjusting. Dilute 

it to 1X. 

Fixative Solution  

Sr.No. Components  Quantity 100 ml 

1.  Acetic acid 12 

2.  Methanol  50 

3.  Distilled water  38 

 

Coomassie Brilliant BlueR250 Staining Solution 

Sr.No. Components Quantity g/100ml 

1.  Acetic acid 12 

2.  Methanol  50 

3.  Coomassie brilliant blue 250 0.5 

4.  Distilled water 38 

Add all chemicals to distilled water. Store at room temperature in brown bottle 

Destaining Solution 

Sr.No. Components  Quantity g/100ml 

1.  Acetic acid 10 

2.  Methanol 10 

3.  Distilled water 80 

Add all chemicals to distilled water. Prepare fresh after 1 week. 


