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ABSTRACT 

Neurodegenerative disorders are primarily caused by the accumulation of abnormal aggregates 

of protein in the brain, leading to the malfunctioning and eventual death of neurons. Systemic 

administration of drug to the CNS  is a substantial obstacle, owing to their short half-life, 

considerable first-pass digestion, restricted accessibility to the brain, and potential adverse 

impact when accessing non-target peripheral organs. As a result, developing systemic delivery 

mechanisms with higher potency is critical for CNS pharmacotherapy. Cholinesterase (ChE) 

inhibitors, tacrine, N-methyl-D-aspartate (NMDA) agonists in connection with Vitamin D, 

levodopa, or other dopaminergic agonists and memantine have never been utilized in 

conventional medicine or therapeutics to alleviate anything apart from motor symptoms by 

replenishing neurotransmitters. However, prolonged use of these medications can have 

substantial side effects, including other motor challenges. To stop or reduce the progression of 

numerous neurodegenerative disorders, researchers must create new natural neuroprotective 

agents due to the inadequacy of treatment medicines. By activating the Nrf2/Akt/PI3K cascade 

and eliminating free radicals, nutraceuticals and other phytonutrients have been proven to have 

protective benefits and to reduce the consequences of neurodegenerative conditions. The 

Ayurvedic medicinal system has long employed the plants UD (Urtica dioica), MC (Matricaria 

chamomilla), and MK (Murraya koenigii) as well-known nerve relaxants and cognition 

boosters. These three herbs include phytochemicals with proven protective properties, 

including quercetin, alkaloids, vitamins, and polyphenols. Drug targeting and delivery of 

dietary antioxidants to the brain provides significant obstacles due to the BBB in treating 

oxidative stress-related disorders, particularly neurodegenerative diseases. Novel approaches 

for the improved crossing of the BBB must be developed in order to progress in the effective 

therapies. Nanotechnology holds significant ameliorative potential against neurodegenerative 

diseases as it can protect the therapeutic substance and allow for its sustained release. This 

study demonstrated that pure zinc oxide nanoparticles (ZnO-NPs) of magnificent quality were 

fabricated using zinc nitrate hexahydrate (Zn(NO3)2.6H2O) as the precursor and plant UD, MC, 

and MK fractions as the reducing agents against ROT-induced toxicity in Drosophila 

melanogaster wild-type Oregon R+ at cellular, neurochemical, biochemical, behavioral, and 

molecular levels for the first time. Plant extracts (ethanolic and aqueous) were produced from 

all three plants UD, MC, and MK, and their bioactive elements were determined using cell free 

models (ABTS, DPPH,  TFC, and TPC). To determine the wavelengths at which plant 

compounds absorb light and measure their concentration based on the absorption intensity, UV-
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Vis, FT-IR, and HPLC techniques were used. By using green method UD-ZnO, MC-ZnO, and 

MK-ZnO nanoparticles were synthesized. The optical and structural properties of 

biosynthesized ZnO-NPs were analysed through FT-IR, DLS, XRD, EDS, SEM, UV-Vis, and 

Zeta potential. The antimicrobial properties of fabricated ZnO-NPs were evaluated employing 

well diffusion method in bacteria (Staphylococcus aureus and Escherichia coli). The rotenone 

(500 µM) was administered to Drosophila third instar larvae, and freshly emerged flies for 24-

120 hours, either alone or in combination with plant extracts and their biogenic ZnO 

nanoparticles. Comparative research on the protective efficacy of synthesized NPs was 

undertaken against rotenone-induced toxicities. Following exposure, dye exclusion assay 

(cytotoxicity test), neurochemical analyses (acetylcholinesterase and butrylcholinesterase 

inhibition assessments), biochemical assays such as catalase (CAT), superoxide dismutase 

(SOD), protein carbonyl (PC), lipid peroxidation (LPO), total protein estimation, and 

glutathione reductase (GSH), and behavioral assays (climbing, memory, jumping and crawling 

assays). To investigate whether there is any alteration in the shape or size of the Drosophila 

eyes treated with rotenone, eye imaging under stereo zoom microscope was done. To further 

understand the underlying mechanisms of rotenone-induced degeneration, we performed 

molecular analyses, such as gene expression profiling (RT-PCR), to identify changes in specific 

genes (APP, tau, and α-Syn) or signalling pathways associated with the degenerative process. 

The results revealed that MK possessed the strongest antioxidant properties among all three 

plant extracts due to the greatest TFC, TPC, ABTS, and DPPH levels, subsequent to UD, and 

lastly MC. UV-Vis spectroscopy recorded valuable information about the presence and 

concentration of various compounds such as pigments, flavonoids, phenolics, and other 

bioactive molecules in the plant extracts. FT-IR spectroscopy provided valuable information 

about the chemical composition (such as carbohydrates, proteins, lipids, phenolics, and other 

bioactive molecules), functional groups C-H, O-H, C-O, N=C,  C=N, N-H, C-N,  C-C, C=O, 

and S=O, and structural characteristics of plant extracts. HPLC analysis of plant extracts 

provides valuable information about the presence, composition, and concentration of various 

secondary metabolites such as alkaloids, flavonoids, phenolics, terpenoids, and other secondary 

metabolites in plant extracts. The ZnO-NPs were biosynthesized in the form of pale yellow 

paste, which were calcinated at 400˚C to form powder and used for characterization. By 

utilizing FT-IR, DLS, XRD, EDS, SEM, UV-Vis, and Zeta potential techniques, the findings 

indicated that the NPs exhibited agglomerated crystalline structures with a hexagonal shape 

and an average diameter of 20-40 nm. After characterization these biogenic ZnO-NPs were 

used for in vivo studies. Among the plant derived ZnO-NPs, MK-ZnO NPs exhibit strong anti-
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microbial activity to damage cell membrane structures and permeability barriers with loss of 

chemiosmotic control followed by UD-ZnO NPs, and then MC-ZnO NPs.  In this regard, ethno-

nano medicinal therapeutic uses mimic the similar effects in D. melanogaster by suppressing 

p<0.05 oxidative damage and counteracting the inhibitory effect of rotenone on neurochemical 

activities AChE and BChE activity. MK-ZnO NPs showed the enhanced protective effects 

against oxidative stress by restoring biochemical parameters CAT, SOD, LPO, PC, GSH and 

proteotoxicity activity followed by UD-ZnO and then MC-ZnO NPs. By reducing  cellular 

toxicity (trypan blue), these nanoparticles possess intrinsic antioxidant properties and can help 

mitigate the generation of ROS. ZnO-NPs effectively protected Drosophila from deteriorating 

locomotor dysfunctions, indicating that they might protect by replenishing the mitochondrial 

dopamine pool. These nanoparticles modulated and enhanced neuromuscular function, 

improved muscle strength, coordination, supporting memory processes, and overall climbing 

performance. By stimulating cellular proliferation, migration, and differentiation, ZnO-NPs 

may contribute to the restoration of damaged tissues and the recovery of visual function. RT-

PCR gene expression studies was performed using GAPDH (159 bp) as the housekeeping gene, 

whereas APP (215 bp), Tau (105 bp), and α-Syn (164 bp) as the target genes. In case of APP 

gene, the maximum (P<0.05) upregulation was observed in larvae exposed with ROT in 

comparison to control, DMSO, and zinc nitrate, respectively.  Among the biosynthesized ZnO-

NPs groups, ROT plus MK-ZnO NPs exhibits the minimum induction, subsequent to ROT plus 

UD-ZnO and lastly ROT plus MC-ZnO also showed the decrease in gene expression. Plant 

extracts such as ROT plus UD, ROT plus MC, and ROT plus MK suppressed the APP mRNA 

expression as well. The same trend was observed in tau and α-Syn gene i.e. MK-ZnO> UD-

ZnO> MC-ZnO NPs. Biosynthesized ZnO-NPs have demonstrated tremendous effects in 

modulating the aggregates of APP, tau, and α-Syn expressions, which are involved in 

neurodegenerative pathologies. Nanotherapeutically, the administration of biogenic ZnO-NPs 

to Drosophila could  mitigate oxidative stress due to its antioxidative attributes as well as ability 

to modulate antioxidant defenses. Therefore, the utilisation of nanotechnology to produce non-

invasive drug delivery systems may result in the development of innovative and enhanced 

formulations to facilitate the delivery of therapeutic substances across the BBB and could be 

used as great alternative for clinical development. 
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INTRODUCTION                                                                                               CHAPTER-1 

Neurodegenerative diseases (NDs) are among the prominent reasons of disability and mortality 

globally (Borumandnia et al., 2022). The World Health Organization (WHO) has proclaimed it 

to be the most serious global health hazard of the twenty-first century (Makdissi et al., 2023). 

Neurodegenerative diseases encompass a broad spectrum of conditions caused by gradual 

destruction of neurons, neural networks and the glial cells in the brain. That are required for 

coordination, movement, strength, cognition, and sensation (Kabir et al., 2022). With an ageing 

global population, the incidence and prevalence of NDs are dramatically growing, providing a 

challenge to the sustainability of health systems, notably in middle- and low-income nations 

(Kitchen et al., 2017). In India, it is estimated that 36 million individuals suffer from 

neurodegenerative disorders out of a population of 1.38 billion (Jin et al., 2023). In accordance 

to a recent WHO report titled Neurological Disorders, Public Health Challenges, over one 

billion people worldwide suffer from neurological conditions, and 6.8 million people die from 

such disorders each year (Alvi et al., 2022). In 2015, the Lancet published a report on the Global 

Burden of Disease (GBD) project, which stated that NDs account for 16.8 percent of global 

deaths (GBD, 2022). NDs are incurable and debilitating disorders that are growing more 

common as the world population ages (Choudhary et al., 2021).  

The homeostasis among both antioxidants and oxidants regulates the redox status of cells. The 

oxidative status of the cell is determined by any imbalance between these two that could lead 

to necrosis or apoptosis (Kuznetsov et al., 2022). The key factor contributing to the increased 

oxidative stress sensitivity of brain cells is reactive oxygen species (ROS). Although oxygen 

(O2) is typically a non-reactive molecule, it can be metabolized to form oxidation products such 

as superoxide anions (O2-), hydroxyl radicals (OH-), and several other reactive species in the 

body. It leads to dreaded conditions including neurological diseases (Zhou et al., 2022).  

NDs are a group of diseases that are typically caused by the axonal transport obstruction, 

misfolded protein aggregation,  dysfunction  in the mitochondria, progressive neuronal loss, 

and neuroinflammation (Wilson et al., 2023). Several neurodegenerative disorders, including, 

Motor sclerosis, Parkinson's disease, Amyotrophic lateral sclerosis, Alzheimer's disease, and 

Huntington's disease (Figure 1.1), are caused by ACETYL CH inhibition and rely heavily on 

free radical species for disease development (Jeromin and Bowser, 2017). The high oxygen 

consumption needed to meet the brain's high energy requirements specifically leads to 

excessive ROS production, Inadequate antioxidant defence systems and large quantities of 
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PUFAs in the membranes of neurons render them more sensitive to oxidation (Singh et al., 

2019). Cellular defence systems that include endogenous antioxidant properties and 

antioxidant enzymes including lipid peroxidase, catalase, glutathione reductase, and 

glutathione contribute in detoxification (Singh et al., 2022). Significant cell biomolecules such 

as lipid, DNA, and protein are damaged by the degradation of these defence mechanisms, 

which ultimately leads to death of cell (Liu et al., 2022). 

Figure 1.1: The association of different neurodegenerative disorders with particular 

misfolded proteins in specific brain areas. 

ROS, such OH- and ONOO-, are extremely reactive chemicals that may cause oxidative 

damage to a wide range of natural elements, notably lipids and proteins. They form as remnants 

of normal metabolic processes in cells as well as in response to exogenous factors such as 

radiation, toxins, and inflammation. ROS have the ability to oxidise and alter lipids, resulting 

in LPO. The destructive effect of ROS on unsaturated fatty acids in the membranes of cells 

leads to the formation of hydroperoxides of lipids and other reactive lipid species (Teleanu et 

al., 2022). Lipid peroxidation can compromise membrane integrity and generate more ROS, 

spreading oxidative damage. ROS can also cause oxidative changes to proteins (Feitosa et al., 

2018). ROS have the ability to directly oxidise the residues of amino acid inside proteins, leads 

in the creation of protein carbonyls, disulphide linkages, and other changes (Carvalho et al., 

2017). These alterations can change the structure and function of proteins, affecting their 

normal cellular activity.  In terms of nucleic acids, the heterocyclic bases of RNA and DNA, 

such as guanine, are particularly more prone to oxidative damage induced by ROS. Guanine is 

more sensitive since it has a lower oxidation potential than other bases. When ROS attack 

guanine, 8-hydroxy-2-deoxyguanosine is produced in DNA and 8-hydroxyguanosine (8-OHG) 
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is produced in both DNA and RNA. If not repaired appropriately, these oxidative DNA/RNA 

lesions can disrupt normal base pairing and result in mutations, breakage of DNA strand, and 

genomic instability (Radi et al., 2014). 

The principal generator of ROS within cells is mitochondria. Oxidative stress can impair 

mitochondrial function, leading to further ROS generation and an ongoing process of oxidative 

damage (Schieber et al., 2014). Oxidative damage can trigger an inflammatory cascade 

response in brain (Valko et al., 2007). Chronic inflammation attributes to neurodegeneration 

by promoting the release of inflammatory molecules and activating immune cells that can 

damage neurons (Radak et al., 2011). Misfolding of protein and aggregation may trigger by 

oxidative damage, such as α-Syn in PD or tau and β-amyloid in AD. Such aggregates of proteins 

are hazardous to neurons and contribute to disease progression as depicted in Figure 1.2. 

Figure 1.2: The mechanism of large aggregation development in neurodegeneration: 

Under normal circumstances, α-Syn is a soluble protein that affects neurotransmitter release 

and synaptic activity. However, in certain cases, genetic abnormalities as well as environmental 

influences can cause alpha-synuclein to misfold into an aberrant shape. Misfolded alpha-

synuclein has a propensity to aggregate, which means that several individual protein molecules 

join together to create bigger clumps or aggregates. These aggregates can take the shape of 

soluble oligomers, protofibrils, or insoluble fibrils. Fibrillar aggregates are the primary 

elements of Lewy bodies, which are pathological signature formations detected in  brains of 

people with PD. 
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In neurological conditions, Antioxidant enzyme activity, such as glutathione peroxidase and 

catalase is normally reduced. This reduction in antioxidant capability aggravates oxidative 

damage. The course of neurodegenerative diseases such as PD, HD, ALS, and 

AD are influenced by oxidative damage (Ischiropoulos and Beckman, 2003). Because of its 

high oxygen demand, substantial lipid content, and weak antioxidant defences, the brain is 

extremely vulnerable to oxidative stress. In neurodegenerative illnesses, oxidative damage can 

have a number of negative consequences (Juan et al., 2021). 

Protein misfolding and aggregation are closely associated with oxidative damage in the context 

of neurodegeneration. ROS are formed as a result of stress from oxidation and have the ability 

to directly change proteins. ROS can oxidize amino acid residues within proteins, such as 

methionine, cysteine, and tyrosine, altering their chemical properties (Li and Borchardt,1995). 

These oxidative modifications can disrupt protein folding and stability, increasing the 

likelihood of protein misfolding. Oxidative stress can disrupt the cellular machinery 

responsible for maintaining protein homeostasis, which includes protein folding, quality 

control, and degradation systems (Moreau and King, 2012). Molecular chaperones, which 

assist in proper protein folding, can be impaired by oxidative damage, compromising their 

ability to prevent misfolding. Additionally, oxidative stress can disrupt the function of ubiquitin 

system and autophagy, that are in charge of removing misfolded proteins. Free radicals, which 

are extremely reactive chemicals, attack and destroy lipids (fats) in cell membranes, resulting 

in lipid peroxidation (Yin, 2011). It is one of the fundamental processes behind oxidative 

damage, that is described as an imbalance among the body's antioxidant responses and free 

radical formation. Diverse clinical problems, including neurologic ailments, have been 

associated to LPO and oxidative damage. In neurodegenerative illnesses such as AD, ALS, PD, 

and HD, oxidative stress exerts a crucial role in disease progression. Mitochondria are essential 

cellular organelles involved in energy production, calcium homeostasis, and various other 

cellular processes. They are critical for neuronal function and are especially sensitive to 

oxidative damage, which has been analogous to neurodegenerative illnesses. Oxidative stress-

induced dysfunction of mitochondria is considered a main mechanism in the pathogenesis of 

neurological pathologies (Gaki and Papavassiliou, 2014). 

Inflammation with oxidative stress are two factors that work together to cause 

neurodegeneration (Gkekas et al., 2021). Oxidative damage, referred to as an imbalance among 

ROS generation and intracellular antioxidant defence systems, can produce inflammatory 

responses in the brain, exacerbating processes that lead to dementia. There are several cascades 
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that contribute to the processes through which oxidative damage produces inflammation in 

degeneration. Oxidative stress is implicated in neuronal cell death found in neurodegenerative 

diseases. Pathways of processes are one manner by which oxidative damage leads to 

neurodegenerative cell death (Crispino et al., 2020). Through the oxidation of nucleic acids, 

oxidative stress may induce damage to mitochondrial and nuclear DNA. DNA damage 

accumulation can impede DNA repair systems and contribute to genomic destabilisation. 

Unrepaired or incorrectly repaired DNA can activate cell death pathways. Oxidative stress may 

result in degradation and protein misfolding inside neurons. Proteins that have been oxidised 

or misfolded can form aggregates and compromise cellular function. Protein clumps such as 

amyloid-beta and tau build in AD and can activate neuronal cell death mechanisms (Abramov 

et al., 2020). 

Rotenone is an organic substance found in the roots of plants such as the jicama vine and the 

barbasco plant. It has been used for various purposes throughout history, including as a natural 

insecticide and piscicide (a substance used to kill fish). It has also been employed in research 

to study the mechanisms of neurodegeneration, particularly in relation to PD (Siddiqui et al., 

2013). 

Systemic administration of medicines to the CNS is a substantial obstacle, owing to their short 

half-life, considerable first-pass metabolism, low access to the brain, and potential adverse 

effects when reaching non-target peripheral organs (Begley, 2004). As a result, developing 

systemic delivery mechanisms with higher potency is critical for CNS pharmacotherapy. 

Cholinesterase (ChE) inhibitors, tacrine, N-methyl-D-aspartate (NMDA) agonists in 

connection with Vitamin D, levodopa, or other dopaminergic agonists and memantine have 

never been utilised in conventional medicine or therapeutics to alleviate anything apart from 

motor symptoms by replenishing neurotransmitters (Camberos and Massieu, 2020). However, 

prolonged use of these medications can have substantial side effects, including other motor 

challenges (Shabir and Singh, 2022). To stop or reduce the progression of numerous 

neurodegenerative disorders, researchers must create new natural neuroprotective agents due 

to the inadequacy of treatment medicines (Rahman et al., 2021). By activating the 

Akt/Nrf2/PI3K pathway and eliminating free radicals, nutraceuticals and other phytonutrients 

have been proven to have protective benefits and to reduce the consequences of 

neurodegenerative conditions as illustrated in Figure 1.3 (Qu et al., 2020). 



 

7 
 

Figure 1.3: Oxidative stress: A key modulator in neurodegeneration. Reactive oxygen 

species can attack DNA bases, leading to the formation of modified bases like 8-oxoguanine 

(8-oxoG) and 8-hydroxyguanine (8-OHG). These modifications can impair DNA replication 

and transcription, potentially leading to mutations and genomic instability. Neuronal 

membranes have been associated to be enriched in PUFAs; which are especially reactive to 

ROS and leads to neurodegeneration. 

The WHO (World Health Organization) estimates that 78% of people worldwide currently use 

phytomedicine as their primary source of treatment (Nath and Debnath, 2022). In this regard, 

researchers investigated Urtica dioica (UD), often known as stinging nettle, an evergreen 

edible plant in the Urticaceae family. The therapeutic properties of medicinal plants are 

determined by the concentration of bioactive substances in nettle plants such as tannins, 
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carotenoids,  vioxanthin, terpenoids, alkaloids, glycosides, lycopene,  essential oils, saponins, 

and protein components, among other ingredients. Stinging nettle plant contains phenolic 

elements including rutin, chlorogenic acid, p-coumaroyl malic acid, isorhamnetin-3-O-

rutinoside, 2-O-caffeoyl malic acid,  isoquercetin, isorhamnetinhexoside, and kaempferol 3-O-

rutinoside . This plant also contains a number of fatty acids, including linolenic acid, palmitic 

acid, phenolic compounds, and certain vital amino acids (Anand et al., 2022). Stinging nettle 

contains antiinflammatory qualities and has been used traditionally to alleviate symptoms of 

inflammatory conditions such as arthritis and allergies. It may inhibit inflammatory mediators 

and reduce pro-inflammatory cytokine production. Antioxidants found in UD may scavenge 

free radicals and minimise oxidative stress. This property is important in protecting cells and 

tissues from damage caused by oxidative stress. Some studies suggest that UD may have 

analgesic effects. It may help alleviate pain associated with conditions such as arthritis, joint 

pain, and muscle pain (Yousuf et al., 2022). It has been traditionally used as a diuretic, 

promoting increased urine production. It may help with conditions like edema and urinary tract 

infections. Stinging nettle has been used to alleviate symptoms of allergies, such as hay fever. 

It may help by suppressing the release of inflammatory mediators involved in allergic reactions. 

UD exhibits antimicrobial properties against various pathogens, including bacteria and fungi. 

It may play a function in the treatment of some infections. Some research suggests that U. 

dioica may have anti-diabetic properties. It may aid in the regulation of blood sugar levels and 

the improvement of insulin sensitivity. The plant has traditionally been used topically for 

wound healing. It may promote tissue repair and aid in wound closure (Kregiel et al., 2018). 

Matricaria chamomilla (MC), sometimes known as chamomile, is a medicinal plant in the 

Asteraceae family that has been acclaimed as a therapeutic star. Major bioactive components 

are terpenoids,  apigenin-7-O-glucoside, apigenin, chlorogenic acid, caffeic acid,  flavonoids 

( apigenin, quercetin, luteolin, and patuletin), luteolin, glycosides,  luteolin-7-O-glucoside, 

coumarins (herniarin and umbelliferone), hydroxycoumarins, α-bisabolol,  and azulenesse or 

chamazulene  (Purseglove, 1989). Chamomile flower extracts have been shown to exhibit 

antioxidant and free radical scavenging properties. MC contains compounds, such as 

chamazulene and flavonoids, that exhibit anti-inflammatory capabilities. It may assist in 

reduction of inflammation in various conditions, including skin irritations, gastrointestinal 

disorders, and inflammatory diseases. Chamomile has been traditionally used to promote 

relaxation and relieve anxiety (Baser et al., 2006). It may have mild sedative properties, aiding 

in sleep and promoting a sense of calmness. Antioxidants found in MC extract could help in 
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the neutralization of free radicals and protection of cells from oxidative stress. This property 

may contribute to its potential benefits in promoting overall wellness and decreasing the 

probability of chronic diseases. Chamomile has been used to alleviate digestive discomfort, 

including indigestion, bloating, and stomach cramps. It may help relax the smooth muscles of 

the digestive tract and exhibit antispasmodic effects. MC extracts have shown antibacterial 

activity against numerous pathogens, including fungi and bacteria (Jabri et al., 2017). It may 

help in growth inhibition of certain microorganisms and contribute to the treatment of 

infections. Topical application of MC has been utilized for its potential benefits in promoting 

skin health. It may have soothing and anti-inflammatory effects, making it useful in treating 

skin irritations, eczema, and mild wounds. Some studies suggest that chamomile may have 

anti-diabetic properties by helping regulate blood sugar levels. It may improve insulin 

sensitivity and glucose metabolism. In preclinical investigations, MC extracts demonstrated 

promising benefits in suppressing cancer cell proliferation and causing apoptosis (also called 

programmed cell death). However, more research must occur to establish its worth in cancer 

treatment (Miraj and Alesaeidi, 2016). 

Murraya koenigii (MK) is a Rutaceae plant that is often known as curry leaves and is used in 

cooking. So far, the active components found from the leaves include D-α-terpinol, dipentene, 

D-sabinene, koenigine-quinone A, caryophyllene, and koenigine-quinone in MK essential oil. 

MK leaves include phytoconstituents such as proteins, cellulose, oxalic acid, 

minerals, carotene, calcium, nicotinic acid,   vitamin A, carbohydrates, and vitamin C 

(Ningappa and Srinivas, 2008). MK extract also contains O-methyl mahanine, O-methyl 

murrayanne, carbazole alkaloids, koenigine,  koenine,  koenimbine, crystalline glycosides, iso-

mahanimbin, and koenidine. These three herbs include phytochemicals with proven protective 

properties, including quercetin, alkaloids, reducing sugars, vitamins, and polyphenols. Curry 

leaf contains various antioxidants, such as phenolic compounds and flavonoids, that can 

eliminate free radicals and decrease oxidative stress. This characteristic may contribute to its 

potential advantages in reducing the probability of chronic illnesses while avoiding oxidative 

damage (Selvan et al., 2022). Compounds present in curry leaf, including carbazole alkaloids, 

have been found to exhibit anti-inflammatory properties. It may help reduce inflammation and 

alleviate symptoms associated with inflammatory conditions. MK has historically been utilised 

in the practise of Ayurveda for its anti-diabetic effects. It may help to regulate glucose levels, 

improve insulin sensitivity, and reduce diabetes complications. Curry leaf extracts exhibit 

antibacterial properties against various ailments, including mould, bacteria, and viruses. It may 
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have the potential in growth inhibition of microorganisms and contribute to the management 

of infections. In traditional medicine, curry leaf has been used to promote digestion and 

alleviate gastrointestinal issues. It may help stimulate digestive enzymes, improve gut motility, 

and relieve indigestion and nausea (Kusuma et al., 2011).  

Studies have suggested that MK possesses hepatoprotective effects, meaning it can protect the 

liver from damage caused by toxins or certain diseases. It may help improve liver function and 

prevent liver damage. Some research indicates that curry leaf may have neuroprotective 

properties. It may help protect against neurodegenerative diseases and cognitive decline by 

lowering inflammation and oxidative stress in the brain. Certain compounds found in MK have 

demonstrated potential anti-cancer effects in preclinical studies. They may decrease cancer cell 

proliferation and trigger apoptosis (Bhandari, 2012).  

Delivering medicines and nutritional antioxidants to particular brain sites is complicated by the 

presence of the blood-cerebrospinal fluid barrier (BCFB), blood-brain barrier (BBB), and other 

physiological variables (Campos et al., 2014). Despite the screening of several 

pharmacological candidates, only a few options, such as tacrine, memantine (NMDA inhibitor), 

donepezil, galantamine (AChE and BChE inhibitors), rivastigmine, and curcumin are now used 

in the therapeutic treatment of NDs. The CNS is the most complex and intricate system in the 

human body. Because of the CNS's complicated nature, there are several restrictions to focused 

medication delivery from the blood brain to the CNS. These include a lack of understanding of 

brain cell accessibility, pharmacokinetics, or pharmacological activity, as well as undesirable 

effects and unanticipated interactions of off-targets-drugs with unspecific receptors and 

enzymes (Li et al., 2021). This is due to the highly complex pharmacy of various medications, 

the long-time period of neurological ailments, medication inefficiency after progression of 

disease, incorrect dosing, the patient population's genotype and different responses to 

medications, and the volatility index of assessed medications. Additionally, the brain's 

abnormalities will only intensify (Ding et al., 2020).  Novel approaches for the improved 

crossing of the BBB must be developed in order to progress in the effective therapies 

(Swierczewska et al., 2018). The implementation of novel nanotechnology-based technologies, 

such as nanoparticles as nanocarriers, may allow drugs/medicine to cross the BBB and reach 

the target brain area (Patra et al., 2018). 

Nanotechnology is a novel and fast evolving technique with several potential applications. 

Nanoparticles (NPs) are tiny particles typically ranging from 1 to 100 nanometres. They are 
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categorised as zero-dimensional (quantum dots and nanoparticles), one-dimensional 

(nanofibers, nanotubes, and nanowires), and two-dimensional (graphene). In recent years, 

nanomaterials such as  nanotubes, nanoparticles, nanofibers, and quantum dots have found 

widespread use in biomedical fields such as delivery of drugs, biological imaging and 

biosensors. NPs can be employed to encapsulate and distribute therapeutic medications to 

particular target areas in the body, increasing medicinal efficacy while decreasing adverse 

effects (Bhattacharya et al., 2022). Nanoparticles can be engineered to carry therapeutic agents, 

such as drugs or biomolecules, to specific locations in the brain. These nanoparticles can cross 

the BBB, a protective barrier that prevents many substances from entering the brain, and deliver 

the drugs directly to the affected areas. NPs can be designed to provide neuroprotective effects. 

Additionally, nanoparticles can be used to deliver growth factors or other molecules that 

promote neuronal survival and regeneration, potentially slowing down disease progression 

(Hernandez and Shukla, 2022). 

Green synthesis of NPs refers to the production of nanoparticles using ecologically friendly 

and sustainable technologies (Letchumanan et al., 2021). These methods aim to eliminate or 

reduce the use of toxic chemicals and poisonous procedures typically associated with 

conventional nanoparticle synthesis. Green synthesis offers several advantages, including 

lower environmental impact, cost-effectiveness, and potential biocompatibility for biomedical 

applications (Nasrollahzadeh et al., 2019). Plant fractions, microorganisms (fungi and algae), 

bio-waste Materials (agricultural waste and other bio-waste materials), sun irradiation, and 

green solvents are some typical ways for green nanoparticle production (Singh et al., 2018). 

Plant extracts, such as leaves, roots, stems, or fruits, are widely employed in green synthesis. 

These extracts contain natural chemicals such as flavonoids, polyphenols, terpenoids, and 

proteins, which can function as stabilising agents in the creation of NPs (Abomuti et al., 2021). 

The fraction is mixed with metal precursors, and the reduction reaction occurs under mild 

conditions, leading to the formation of nanoparticles. Various plants, such as Aloe barbadensis 

miller, Camellia sinensis, Azadirachta indica, and Curcuma longa, have been used for 

nanoparticle synthesis (Ahmed et al., 2017). 

Using plant extracts from various plant species, many metals, including silver (Ag), zinc oxide 

(ZnO), gold (Au) and many others, have been employed in the phyto-fabrication of NPs (Singh 

et al., 2018). Zinc oxide high pharmacological qualities have enhanced its usage in healthcare 

applications such as antioxidant, antibacterial, and anticancer (Mishra  et al., 2017). 

Furthermore, zinc oxide, alongside four other zinc compounds, has been designated as a 
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generally recognised as safe (GRAS) chemical by the US-FDA (Food and Drug 

Administration). Zinc oxide nanoparticles are nano-sized particles composed of zinc and 

oxygen atoms. They possess unique chemical, physical, and optical characteristics (Prasad and 

Lall, 2022). Because of their diverse features and possible uses, ZnO-NPs have received a lot 

of interest in a variety of sectors. Even though UD (Singh et al., 2022), MC (Ogunyemi et al., 

2019), and MK (Philip  et al., 2011) NPs had been employed in several in vitro and in vivo 

research, there is currently less information available regarding the beneficial impact of these 

NPs on cellular and neurological issues.  

The mechanism of plant-derived nanoparticles (NPs) for the therapy of neurodegenerative 

disorders involves several pathways and interactions within the CNS. Plant-derived NPs, such 

as ZnO NPs, often possess inherent antioxidant properties due to the presence of 

phytochemicals. These nanoparticles can scavenge free radicals and ROS in the brain, lowering 

oxidative damage, which has been linked to neurodegeneration. By protecting neurons from 

oxidative damage, plant-derived NPs may delay or halt the progression of neurological diseases 

(Babazadeh et al., 2020). Phyto-engineered NPs may exert neuroprotective effects by 

enhancing neuronal survival and promoting neuronal growth and differentiation. These NPs 

have the ability to activate neurotrophic factors including BDNF, which are necessary for 

neuronal growth and maintenance. Green NPs can also influence signalling mechanisms 

involved in neuroprotection and cell survival, such as the Akt/PI3K and MAPK/ERK pathways. 

Some neurodegenerative illnesses, such as AD, are characterised by an abnormal buildup of 

metal ions (copper, zinc) and protein clumps (amyloid-beta) in the brain. Plant-derived NPs, 

including ZnO-NPs, can act as metal chelators, binding to metal ions and preventing their 

harmful interactions. Additionally, these NPs may inhibit the aggregation of amyloid-β protein, 

reducing the generation of toxic amyloid plaques associated with neurodegeneration (Squillaro 

et al., 2018). 

Plant-based nanoparticles can be anti-inflammatory by suppressing pro-inflammatory 

mediators including cytokines and enzymes like iNOS and COX-2. They may modulate the 

immune response and reduce inflammation in the brain. They can enhance neurotrophic factors 

including NGF and BDNF, which support neuronal health and function. Additionally, these 

nanoparticles may stimulate neurogenesis (generation of new neurons) and synaptogenesis 

(formation of new synapses), which are vital for neuronal repair and recovery.  Metal ion 

abnormal buildup, particularly copper and zinc, is seen in neurological conditions and leads to 

neuronal damage (Geetha and Ramachandran, 2021).  
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Certain plant-based nanoparticles have metal chelating properties, which means they can bind 

to these metal ions and help maintain metal ion homeostasis in the brain. Plant-synthesized 

NPs can be engineered to possess properties that facilitate their transport across the BBB (Zafar 

et al., 2020). Once in the brain, these NPs can deliver therapeutic agents, such as antioxidants, 

anti-inflammatory compounds, or neuroprotective drugs, directly to the affected regions. The 

targeted delivery of drugs using green NPs may enhance their effectiveness while minimizing 

systemic side effects (Prasanna and Upadhyay, 2021). 

Drosophila melanogaster, commonly referred to  fruit fly, is a tiny insect in the Drosophilidae 

family. It is one of the most intensively researched organisms in biological study, notably in 

developmental biology and genetics. Adult Drosophila flies are about 3-4 mm long and have a 

tan or light brown body with red eyes (Hodgetts, 1973). Drosophila has a relatively small 

genome size of approximately 180 million base pairs, with around 14,000 protein-coding 

genes. The fly's genetic makeup shares many similarities with that of humans, making it a 

useful model organism for understanding human genetics and disease. However, its small size, 

short lifespan, and lack of complex emotions and cognitive abilities make it a less controversial 

choice compared to using higher organisms in scientific studies (Aryal and Lee, 2018). 

In this regard, this study used the green method to fabricate ZnO-NPs from the UD, MC, and 

MK fractions. The phyto fabricated ZnO-NPs were analyzed utilizing SEM, FT-IR, UV-vis, 

Zeta potential, XRD technique, EDX analysis, and DLS method. The well diffusion approach 

was utilized to evaluate the antibacterial abilities of biosynthesized ZnO-NPs against 

Staphylococcus aureus and Escherichia coli. Moreover, we aimed to explore the therapeutic 

potential of phytofabricated ZnO nanoparticles against a commonly used neurotoxic organic 

pesticide rotenone in vivo in Drosophila (Oregon R+) at cellular, neurochemical, biochemical, 

and molecular level for the first time. We also evaluated its behavioral parameters on 

Drosophila, which has previously been proved to be a valuable indicator for neurodegenerative 

diseases. 
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REVIEW OF LITERATURE                                                          CHAPTER-2  

2.1 PREVALENCE AND INCIDENCE OF NEURODEGENERATIVE DISEASES  

Neurodegenerative disorders are the leading factor in disability and the second main cause of 

mortality worldwide (Rahman et al., 2023). The report from the Global Burden of Diseases 

(GBD) 2019 provided the most comprehensive and up-to-date estimates of the national, 

regional, and global burden from neurodegenerative disorders. Particularly in middle- and low-

income countries, neurodegenerative disease-related disability and mortality have increased 

significantly during the past 30 years (Feigin et al., 2022). Further increases are anticipated 

globally due to population growth and ageing. It is predicted that 55 million individuals 

globally had dementia in 2019, and that this figure will rise to 139 million by 2050 (GBD, 

2022). The UN General Assembly report, emphasized that progress in eliminating the 

prevalence of noncommunicable disorders, particularly neurodegenerative disorders, has been 

insufficient to reach the UN sustainable development goal by 2030 (WHO, 2021).  

The globally estimated prevalence rate of neurodegenerative diseases cases were highest for 

Alzheimer’s disease (62%) followed by Parkinson’s disease (17%), Mixed dementia (10%), 

Lewy body dementia (4%), Fronto-temporal dementia (2%), Vascular dementia (2%), and other 

neurodegenerative diseases (3%), respectively for 2019 as illustrated in Figure 2.1 (GBD, 

2022). 

Figure 2.1: The global prevalence rate of individual neurodegenerative disorder as percentage 

of total neurodegenerative disorders: the Global Burden of Disease (GBD) Study 1990-2019 

(GBD, 2022). 

The evolution of neuroepidemiology in India over the last four decades has been traced, with 

historical milestones highlighted. In India, where epidemiological and demographic shifts are 



 

16 
 

occurring rapidly, it is also anticipated that the burden of neurological diseases will escalate. 

The Indian population accounts for around 18% of the global population, with several of its 

states having numbers comparable to that of entire countries (Zhong and Zhu, 2022). The 

prevalence rates of the broad range of brain diseases in different parts of the country ranged 

from 967-4070, with a mean of 2394 per 100,000 population, implying that over 30 million 

individuals experienced neurological disorders (Ayeni et al., 2022).  

The first comprehensive analyses of the disease burden caused by neurodegenerative diseases 

and their patterns in all states of India were published in The Lancet Global Health by the India 

State-Level disease Burden Initiative. These neurodegenerative diseases include 

noncommunicable neurological ailments (stroke, PD, epilepsy, AD, headache disorders, 

cerebral palsy, motor neuron diseases, Huntington’s disease, multiple sclerosis, central nervous 

system (CNS) cancer, and other neurodegenerative diseases), communicable 

neurodegenerative diseases (meningitis, tetanus, and encephalitis), and injury related 

neurodegenerative diseases (spinal cord injuries and traumatic brain injuries) (Choudhary et 

al., 2021). The proportion of noncommunicable neurodegenerative conditions to total 

disability-adjusted life years (DALYs) from all causes in India more than doubled from 4.0% 

in 1990 to 8.2% in 2019, whereas communicable neurodegenerative disorders declined from 

4.1% in 1990 to 1.1% in 2019. Injury-related neurodegenerative diseases accounted for 0.6% 

of total DALYs in 2019, up from 0.2% in 1990. In India, the fraction of total DALYs owing to 

all neurological conditions (including communicable, noncommunicable, and injury-related 

disorders) increased marginally from 8.3% in 1990 to 9.9% in 2019 as depicted in Figure 2.2 

(GBD, 2021). 

In 2019, an estimated 369 million individuals in India had Alzheimer's disease and 128900 

people died as a result of these disorders. The crude DALY rate of Alzheimer's disease varied 

by 3.3 times amongst states with the highest rates in Himachal Pradesh, Kerala, Andhra 

Pradesh, and Goa (Dhiman et al., 2021). In case of Parkinson's disease, it was estimated that 

771000 people were suffering from this condition and 45300 people had died. There was 2.3 

times difference in the crude DALY rate of Parkinson's disease amongst the states, with Goa 

having the highest rate. Noncommunicable neurodegenerative diseases were most prevalent in 

all other age groups, whereas communicable neurodegenerative diseases accounted for a 

majority of overall neurodegenerative diseases burden among children under the age of five 

(Garg, 2021). 
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Figure 2.2: The rising incidence of disability-adjusted life years (DALYs) of non-

communicable, communicable, and injury related neurodegenerative diseases across the states 

of India: the Global Burden of Disease (GBD) Study 1990-2019 (GBD, 2021). 

(A) Non-communicable neurodegenerative diseases 

(B) Communicable neurodegenerative diseases 

(C) Injury-related neurodegenerative diseases 
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2.2 NEURODEGENERATIVE DISORDERS  

A neurodegenerative disease is defined by the gradual impairment of neuron function or 

structure, an occurrence known as neurodegeneration (Calabresi et al., 2023). Many are 

inherited, while others are the consequence of toxic or metabolic processes, and yet others are 

the outcome of infections. Neurodegenerative disorders impose a tremendous social, medical, 

and economical burden on society due to their prevalence, morbidity, and death. 

Neurodegenerative disorders include Amyotrophic lateral sclerosis, Parkinson's disease, 

Multiple sclerosis, Alzheimer's disease, Prion diseases, and Huntington's disease. 

Neurodegeneration can be identified at a variety of levels in the brain's neural circuitry, ranging 

from molecular to systemic (Wilson et al., 2023). These conditions are considered incurable 

since there is no known way to stop the slow deterioration of neurons; nonetheless, research 

has revealed that inflammation and oxidative damage are the two key contributing factors to 

neurodegeneration (Golpich et al., 2017). Biomedical research has discovered several 

correlations between these disorders at the subcellular level, such as aberrant protein 

assemblies including proteinopathies and triggered cell death (Jellinger, 2010). These 

connections imply that treatment achievements against one neurodegenerative condition may 

benefit other pathologies as well (Federico et al., 2012). 

2.2.1 Classification of Neurodegenerative diseases 

Neurodegenerative conditions are an assortment of diseases that are characterised by the 

reluctant degeneration and decline in the structure or function of neurons (nerve cells) in the 

brain's peripheral nervous system (Fumia et al., 2022). These conditions typically affect the 

CNS brain and spinal cord and frequently result in cognitive loss, movement disorders, and 

other neurological symptoms (Tesco and Lomoio, 2022). 

Here are some common neurodegenerative disorders: 

a) Alzheimer’s disease (AD) 

AD is the most prevalent form of cognitive impairment, affecting 45 million people worldwide. 

It is a degenerative neurological ailment that damages the brain (Guo et al., 2022). It typically 

affects older adults, although there are cases of early-onset Alzheimer's that can occur in 

individuals under the age of 65. The specific etiology of AD is unknown; however it is thought 

to be a mix of hereditary,  environmental factors, and lifestyle (Nandi et al., 2022). AD is 

distinguished by the accumulation of abnormal protein deposits in the brain known as tau 
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tangles and Aβ plaques. Plaques are made up of small peptides called amyloid beta (Aβ) that 

are 39-43 amino acids long. Amyloid beta is an element of a larger protein called amyloid 

precursor protein (APP), which is a protein with a transmembrane structure that enters the 

membrane of neurons. APP appears to be involved in normal neuron development, survival, 

and repair after damage (Bai et al., 2022). Enzymes such as γ-secretase and β-secretase break 

APP into smaller pieces. One of these pieces produces Aβ fibrils, which can self-assemble into 

thick extracellular amyloid plaques. These deposits disrupt the communication between brain 

cells, leading to the progressive deterioration of cognitive functions such as memory, thinking, 

and behavior as depicted in Figure 2.3 (Kinney et al., 2018). 

Figure 2.3: Processing of APP: (i) In amyloidogenic pathway, the transmembrane protein 

secretase act on Amyloid Precursor Protein (APP) and cleave to release APPsβ and β-CTF (C-

terminal fragment). The latter is then cleaved by γ-Secretase and produce P3 and AICD 

(amyloid precursor protein intracellular domain). (ii) In non-amyloidogenic pathway, the 

transmembrane protein α-Secretase act on Amyloid Precursor Protein (APP) and cleave to 

release APPsα and α-CTF (C-terminal fragment). The latter is then cleaved by γ-Secretase and 

produce P3 and AICD (amyloid precursor protein intracellular domain)  

Aβ is usually found in two forms: Aβ40 and Aβ42. The amyloidogenic pathway produces 

Aβ from Amyloid Precursor Protein (APP), a membrane-bound protein, by the activity of β 

and γ-secretases (Gallardo and Holtzman, 2019). In amyloidogenesis, APP is cleaved by β-

secretase, which generates APPsβ and a β-C-terminal fragment, and then γ-secretase, which 
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generates Aβ, and amyloid precursor protein intracellular domain (AICD), which acts on the 

transmembrane domain (Ashrafian et al., 2021). However, in the non-amyloidogenic route, α-

secretase cleaves APP inside the Aβ sequence, limiting its synthesis. In brief, α-secretase 

cleaves the ectodomain of APP, resulting in APP fragment and α-CTF.  α-CTF is then degraded 

into AICD and P3 peptide by γ-secretase (Maurya et al., 2023). 

The symptoms of AD can vary from individual to individual, but they generally worsen over 

time. In the early stages, individuals may experience mild memory loss and difficulty with 

concentration (Joe and Ringman, 2019). As the disease progresses, they may have trouble with 

language, recognition of familiar objects and people, and performing everyday tasks. In the 

later stages, individuals may become disoriented, have significant memory loss, and require 

assistance with daily activities (Kivipelto et al., 2018). Diagnosing Alzheimer's disease 

involves a comprehensive evaluation of medical history, physical examination, neurological 

tests, and assessments of cognitive function. Brain imaging techniques such as positron 

emission tomography (PET) or magnetic resonance imaging (MRI) scans may also be used to 

aid in the diagnosis and rule out other possible causes of dementia (Mahaman et al., 2022). 

While there is presently no cure for AD, there are treatment alternatives that may assist 

with altering symptoms and prevent disease progression. To increase cognitive performance 

and reduce behavioural symptoms, medications such as memantine and cholinesterase 

inhibitors are routinely administered. 

b) Parkinson's disease (PD)  

After Alzheimer’s, PD is the subsequent most common neurodegenerative disorder in the 

elderly (James and Georgopoulos, 2022). It is defined by dopaminergic (DA) neuronal 

dysfunction in the substantia nigra pas compacta (SNc) and a decrease in DA levels in the 

brain's nigrostriatal DA pathway. The formation of insoluble inclusions in neurons known as 

Lewy bodies, which are mostly composed of synuclein, is the primary symptom of this illness 

(Sezgin et al., 2019). Since neurons govern and control the body's voluntary movements, their 

degeneration results in reduced bradykinesia, motor function, postural instability, rest tremor, 

and stiffness. Exogenous causes such as inappropriate use of  pesticides and herbicides, 

exposure to  carbon monoxide, organic chemicals, carbon disulphide, plant-derived toxins, and 

viral and bacterial  infections are considered to have a substantial role in the development of 

PD (Aarsland, 2016). It is also thought that ageing has a role in Parkinson's disease, since as 

we age, normal cellular processes become increasingly vulnerable to failure, culminating in the 
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degeneration of dopaminergic neurons. Many genes in the Parkinson's disease family suffered 

mutations. To understand the pathophysiology of Parkinson's disease, it is necessary to unravel 

the process through which mutation led to nigral neuron loss in context (Zhong et al., 2022). 

Tremors (shaking or trembling) in the 

arms, hands, legs, face, or jaw; 

bradykinesia (slowness of movement); 

postural instability (difficulty with 

coordination and balance); and 

muscular stiffness or rigidity are the 

main symptoms of PD as shown in 

Figure 2.4  (Hussein et al., 2023). The 

loss of dopamine-producing cells in the 

brain causes these symptoms. 

Dopamine is a neurotransmitter that is 

required for smooth, coordinated 

muscle movements (Tolosa et al., 

2021). Dopamine deficiency develops 

when dopamine-producing cells in the brain's substantia nigra die. This imbalance in 

neurotransmitters causes the motor symptoms associated with PD (Latif et al., 2021). 

Sleep disruptions, cognitive abnormalities (such as issues with attention and memory), sensory 

problems, mood disorders such as anxiety and sadness, and autonomic dysfunction impacting 

processes such as digestion and blood pressure are all non-motor symptoms of PD  (Moustafa 

et al., 2016). The actual etiology of Parkinson's disease is unknown, however both hereditary 

and environmental factors are thought to have a role. Some cases of PD are characterised by 

particular gene alterations, whilst others may be impacted by external variables such as toxicity 

exposure (Armstrong and Okun, 2020). 

There is currently no curative approach for PD, although numerous therapy options are 

available to control its symptoms. agonists of dopamine, levodopa, and MAO-B inhibitors are 

medications that can assist boost dopamine levels or imitate its actions in the brain. 

c) Huntington's disease (HD)  

HD  is a hereditary condition that corresponding in the gradual destruction of neurons in the 

brain (Tabrizi et al., 2022). It is named after George Huntington, the physician who first 

Figure 2.4: Dopamine levels in normal and 

Parkinson's disease-affected neurons (Tiwari and 

Pal, 2017). 



 

22 
 

described its symptoms in 1872. HD is an inherited disorder, meaning it is passed down from 

parents to their children through a mutation in the huntingtin gene (Wild and Tabrizi, 2017). 

The huntingtin gene mutation results in the production of a toxic protein called mutant 

huntingtin (Kolli et al., 2017). This protein builds up in certain regions of brain, particularly in 

the cerebral cortex and basal ganglia, resulting in the destruction of brain cells over time. The 

basal ganglia plays an important role in movement control, while the cerebral cortex is involved 

in cognition and emotion (Kumar et al., 2015). 

The symptoms of HD typically manifest between the ages of 31 and 50, although onset can 

occur at any age. The most prominent symptoms include movement abnormalities, cognitive 

decline, and psychiatric disturbances (Dash and Mestre, 2020). These symptoms progressively 

worsen over time and significantly impact a person's quality of life. Movement abnormalities 

in Huntington's disease often begin with subtle motor changes, such as involuntary jerking or 

twitching movements called chorea (Oikemus et al., 2022). As the disease progresses, 

individuals may experience difficulties with coordination, balance, and voluntary movements. 

This can lead to problems with walking, speaking, swallowing, and performing daily activities 

(Aldaz et al., 2019). Cognitive decline in HD affects various cognitive functions, including 

memory, attention, problem-solving, and executive functions. Individuals may experience 

difficulties with organizing tasks, making decisions, and planning ahead (Monteys et al., 2017). 

As the disease advances, severe cognitive impairment can occur, leading to significant 

challenges in daily living (Weiss et al., 2022). Psychiatric symptoms are also common in HD 

and can precede the onset of movement and cognitive symptoms. These symptoms may include 

depression, anxiety, irritability, mood swings, impulsivity, and social withdrawal. Psychiatric 

disturbances can significantly impact relationships and overall mental well-being (Isaacs et al., 

2020). 

There is presently no cure for HD, and present therapies try to control symptoms and enhance 

quality of life. 

d) Amyotrophic lateral sclerosis (ALS) 

ALS is a neurological condition that primarily affects nerve cells that control voluntary muscles 

(Feldman et al., 2022). ALS is one of a set of conditions known as motor neuron diseases, 

which cause the slow deterioration and death of motor neurons in the brain. The initial 

symptoms of ALS can vary from person to person, but they typically include muscle weakness, 

muscle twitches (fasciculations), and cramping. As the disease progression starts, individuals 
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may experience difficulty in walking, speaking, swallowing, and breathing. However, the 

course and progression of ALS can be unpredictable (Kiernan et al., 2021). Upper motor 

neurons (UMNs) in the brain are affected by ALS, as are lower motor neurons (LMNs) in the 

brainstem and spinal cord. The deterioration of these motor neurons affects communication 

between the brain and the muscles, resulting in muscular atrophy and loss of control (Ashhurst 

et al., 2022). The exact etiology of ALS is not fully understood. In most cases, the disease 

appears to occur sporadically without a clear genetic or environmental cause. However, around 

5 to10% of cases are inherited, resulting from mutations of genes. Various genetic and 

environmental factors are being investigated as potential contributors to the development of 

ALS (Goutman et al., 2022). 

ALS is typically diagnosed based on clinical symptoms and ruling out other possible 

conditions. Physicians may conduct various tests, including electromyography (EMG), nerve 

conduction studies, muscle biopsies, and imaging tests, to support the diagnosis and rule out 

other conditions (Yazdani et al., 2022). There is currently no cure for ALS. Treatment focuses 

mostly on symptom management, enhancing the life quality, and providing supportive care. To 

delay the course of the condition, medications such as riluzole and edaravone may be 

administered. 

e) Multiple sclerosis (MS) 

Multiple sclerosis is an autoimmune disease that damages the brain and spinal cord over time 

(Kuhlmann et al., 2023). The immune response in MS incorrectly assaults the  defensive 

coating of nerve fibres known as myelin, resulting in inflammation, injury, and scarring 

(sclerosis) in different locations of the CNS (Kutzelnigg and Lassmann, 2014). This disrupts 

the natural flow of electrical impulses across the nerves, causing a range of symptoms. MS 

symptoms differ widely from individual to individual and are determined by the location and 

extent of nerve damage (Graves et al., 2023). Walking difficulties, weariness, muscular 

weakness, numbness or tingling in the limbs, eyesight issues, cognitive challenges, bowel or 

bladder malfunction, and balance and coordination problems are all common symptoms. 

Symptoms might appear and go or worsen with time (Ghasemi et al., 2017). Primary 

progressive MS (PPMS), relapsing-remitting MS (RRMS), progressive relapsing MS (PRMS), 

and secondary progressive MS (SPMS) are all types of MS. The most frequent variety is 

RRMS, which is distinguished by periods of relapse (symptom worsening) followed by periods 
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of remission (partial or total healing). PPMS, SPMS, and PRMS involve a more progressive 

and steady decline in function without distinct relapses and remissions (Wei et al., 2021). 

The actual cause of MS is unresolved; however it is likely to be a combination 

of  environmental variables and hereditary. It is thought to occur when a person with a genetic 

predisposition is exposed to certain environmental triggers, leading to an abnormal immune 

response against the myelin in the CNS (Wingerchuk and Carter, 2014). Factors such as vitamin 

D deficiency, smoking, certain infections, and geographical location have been implicated in 

MS development. MS diagnosis might be difficult because there is no one test that can confirm 

the condition. To assess the existence of inflammation and injury in the CNS, physicians often 

use a mix of neurological examination, medical history,  imaging tests (such as MRI), and 

cerebrospinal fluid studies. The diagnosis may require ruling out other conditions with similar 

symptoms (Brownlee et al., 2017). 

There is no cure for MS at the moment, but there are various therapy options to control 

symptoms, halt disease progression, and enhance quality of life (Wegner et al., 2013). Disease-

modifying treatments (DMTs) and other drugs can help lessen the frequency and severity of 

relapses, while others target particular symptoms such as exhaustion, muscular stiffness, and 

pain (McGinley et al., 2021). 

These are just a few examples of neurodegenerative disorders, and there are several others, 

each with its own specific characteristics and progression patterns. While treatments for these 

conditions are currently limited, ongoing research aims to better understand their causes and 

develop effective therapies to slow down or halt their progression 

2.3 OXIDATIVE STRESS: MODULATOR OF NEURODEGENERATIVE DISORDER  

Oxidative stress is thought to have an important role in the initiation and progression of 

neurodegenerative disorders. It denotes an imbalance among the generation of ROS and the 

body's ability to remove or repair the harm produced by them (Singh et al., 2019). ROS, 

including hydroxyl radicals, hydrogen peroxide, and superoxide radicals are natural by-

products of regular cellular metabolism that are normally maintained in balance by the body's 

antioxidant defence system. However, under some situations, such as ageing, chronic 

inflammation, mitochondrial malfunction, or exposure to environmental pollutants, the body's 

antioxidant capacity might be exceeded, resulting in oxidative damage (Esmaeili et al., 2022). 

Oxidative stress may trigger inflammation in the brain. The activation of glial cells, such as 

microglia and astrocytes, causes the production and release of chemokines, reactive nitrogen 
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species, and pro-inflammatory cytokines (Liu et al., 2017). This prolonged inflammation 

exacerbates oxidative stress and contributes to brain damage and degeneration. ROS may 

directly damage DNA, causing strand breakage, base alterations, and the production of DNA 

adducts. This DNA damage can hamper DNA repair systems and contribute to genomic 

instability. Accumulated DNA damage can impair important cellular functions and contribute 

to neurodegenerative diseases (Teleanu et al., 2022). 

ROS in cells can harm DNA, proteins, and lipids. Protein oxidation and DNA damage can both 

affect normal cellular function and lead to neuronal death. The mitochondrial complex is the 

primary source of ROS within cells. Oxidative stress can affect function of mitochondria, 

resulting in increased ROS generation and a continuing oxidative damage process. 

Mitochondrial dysfunction is particularly relevant in neurodegenerative disorders due to the 

high energy demands of neurons.  

Oxidative damage can trigger an inflammatory cascade response in brain. Chronic 

inflammation attributes to neurodegeneration by promoting the release of inflammatory 

molecules and activating immune cells that can damage neurons. Protein misfolding and 

aggregation can be caused by oxidative stress, such as α-Syn in PD or tau and β-amyloid in 

AD. These protein aggregates are harmful to neurons and contribute to the course of illness. 

Antioxidant enzymes including glutathione peroxidase, catalase, and superoxide dismutase are 

frequently reduced in neurodegenerative diseases. This decrease in antioxidant capability 

worsens oxidative damage. 

In the case of neurological disorders, oxidative damage plays a role in the progression of 

neurodegenerative illnesses such as PD, Prion disease, ALS, Huntington's disease, Multiple 

sclerosis, and AD. The brain is particularly vulnerable to oxidative injury due to its high lipid 

content and weak antioxidant defences. Oxidative stress in neurodegenerative disorders can 

have several detrimental effects: 

(a) Protein Misfolding and Aggregation:  

Protein misfolding and aggregation are closely related with oxidative stress in the context of 

neurodegeneration. Oxidative damage leads to the generation of ROS that can directly modify 

proteins (Soto and Pritzkow, 2018). ROS can oxidize amino acid residues within proteins, such 

as methionine, cysteine, and tyrosine, altering their chemical properties. 
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These oxidative modifications can disrupt protein folding and stability, increasing the 

likelihood of protein misfolding. Oxidative stress can disrupt the cellular machinery 

responsible for maintaining protein homeostasis, which includes protein folding, quality 

control, and degradation systems (Chopra et al., 2022). Molecular chaperones, which assist in 

proper protein folding, can be impaired by oxidative damage, compromising their ability to 

prevent misfolding. Additionally, oxidative stress can disrupt the function of the ubiquitin-

proteasome system and autophagy, which are responsible for clearing misfolded proteins. 

Consequently, the accumulation of misfolded proteins occurs due to impaired protein clearance 

mechanisms. Misfolded proteins, particularly those resistant to degradation, can aggregate and 

form insoluble protein aggregates or fibrils as demonstrated in Figure 2.5  (Gandhi et al., 

2019).  

Figure 2.5: Unfolded Protein Response (UPR) In Diseased And Normal Conditions: The 

Unfolded Protein Response (UPR) is a cellular stress response system that is initiated in the 

endoplasmic reticulum (ER) in response to the buildup of misfolded or unfolded proteins. In 

the cell, the ER is in charge of protein synthesis, folding, and processing. Under normal 

circumstances BiP (chaperone) is normally linked with transmembrane proteins PERK1, ATF6, 

IRE1. Under disease circumstances, the sensors become active, resulting in the transcription of 

genes that control transcription, translation, and chaperones. BiP also attaches to misfolded 

proteins, causing them to refold (Chopra et al., 2022).  
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These aggregates can have a beta-sheet-rich conformation and are often referred to as amyloid 

aggregates. The process of protein aggregation is driven by intermolecular interactions between 

misfolded protein molecules, resulting in the production of larger aggregates. These protein 

aggregates are a hallmark feature of several neurodegenerative disorders, including PD, HD, 

and AD. Protein aggregation build-up can have a negative impact on cellular function and 

viability. These aggregates can disrupt normal cellular processes, impair cellular trafficking, 

interfere with proteostasis, induce cellular stress responses, and trigger inflammatory responses 

(Scannevin et al., 2018). 

Furthermore, protein aggregates can directly interact with cellular components, including 

membranes and organelles, causing cellular dysfunction and leading to neuronal damage and 

death. It is vital to remember that the presence of protein aggregates can potentially cause 

oxidative stress. The aggregation process itself can generate ROS through various mechanisms, 

such as mitochondrial dysfunction and activation of inflammatory pathways (Tsoi et al., 2023). 

These ROS can further exacerbate oxidative stress, leading to a self-perpetuating cycle of 

protein misfolding, aggregation, and oxidative damage. The unfolded protein response (UPR) 

is a cellular homeostasis process. The UPR is triggered under stressful situations, such as AD. 

The ER membrane includes three sensors: PERK, IRE1, and ATF6. These proteins are coupled 

to another protein known as BiP, which inactivates the proteins. When BiP disintegrates under 

stress, these proteins are activated, causing changes in the translation and transcription 

processes and preventing cellular damage, while BiP functions as a refolds proteins 

and molecular chaperone (Ciechanover and Kwon, 2015). 

BiP/GRP78 protein levels are raised in Alzheimer's disease, where they aid in protein refolding. 

The transmembrane protein PERK combines and phosphorylates the translation initiation 

factor eIF2, preventing translation. PERK is also involved in the activation of ATF4, which 

promotes the expression of chaperones. ATF4 expression over a prolonged period of time is 

connected to apoptosis (Ashraf et al., 2014). IRE1 homodimerizes and experiences a 

conformational shift, which activates the RNase domain in the protein's cytoplasm and controls 

the production of XBP-1, a transcription factor that transactivates genes associated to UPR 

proteins. Duran et al. (2017) revealed that IRE1 deletion lowered APP expression in a mouse 

model, indicating a role for IRE1 in the etiology of NDs. Overall, oxidative stress contributes 

to aggregation and protein misfolding in neurodegenerative diseases as mentioned in Table 2.1 

(Ochneva et al., 2022).



 

28 
 

 Table 2.1: Aggregation and misfolding of protein associated with neurodegenerative diseases.  

S.No. Aggregated 

protein(s) 

Neurodegenerative Diseases Affected areas of 

the brain 

Clinical 

hallmarks 

Cellular 

aggregate 

locations 

Mode  of 

Transmission  

References 

1. α-synuclein Parkinson Disease, 

Multiple System Atrophy, 

Dementia with Lewy Body 

Hypothalamus, 

substantia nigra 

Movement 

disorder 

Cytoplasmic Rarely 

inherited, 

mostly sporadic 

(Goedert, 2001) 

2. Tau Alzheimer Disease, Parkinson 

Disease, Fronto-temporal 

Dementia with Parkinsonism   

Hippocampus, 

cerebral cortex 

Progressive 

dementia 

Extracellular, 

cytoplasmic 

Inherited (6%) 

or sporadic 

(94%) 

(Spillantin and 

Goedert, 2013) 

3. Amyloid-β Alzheimer Disease Cerebral cortex, 

hippocampus  

Progressive 

dementia 

Cytoplasmic, 

extracellular 

Inherited (5%) 

or sporadic 

(95%) 

(Bourdenx, et 

al., 2017) 

4. Superoxide dism

utase (sod) 

Amyloid Lateral Sclerosis Brainstem, motor 

cortex 

Movement 

disorder 

Cytoplasmic Inherited (9%) 

or sporadic 

(91%) 

(Sanghai and 

Tranmer, 2021) 

5. Huntingtin Huntington, Tar DNA-binding 

protein 43 (TDP-43) 

Striatum, cerebral 

cortex 

Dementia, 

psychiatric 

and motor 

problems 

Nuclear Autosomal 

dominated 

(Inherited) 

(Koyuncu et al., 

2017) 

6. Prion Cretzfeld – Jakob Disease Depending on the 

disease, different 

regions are 

involved.  

Ataxia, 

insomnia, 

dementia, or 

psychiatric 

problems 

Extracellular Infectious 

(3%), Inherited 

(7%) or 

sporadic (89%)   

(Baldwin and 

Correll, 2019) 
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(b) Lipid Peroxidation 

 A lipid peroxidation is an event that happens when extremely reactive chemicals, such as free 

radicals, destroy and harm lipids (fats) in the membranes of cells (Reed, 2011). It is one of the 

fundamental mechanisms behind oxidative damage, which is defined as an imbalance among 

free radical formation and antioxidant defences in the body. Various medical illnesses, 

including neurological diseases, have been linked to oxidative damage and lipid peroxidation. 

Oxidative stress has a crucial role in the evolution of neurodegenerative illnesses such as AD, 

PD, and ALS (Pea et al., 2019). The brain is especially prone to oxidative damage due to its 

rapid metabolic rate, substantial lipid content, and relatively limited antioxidant defences, as 

seen in Figure 2.6. Peroxidation of lipids can have numerous negative impacts on 

neurodegeneration. 

Lipids are important 

components of cell 

membranes, and peroxidat- 

on disrupts their structure 

and function. This can 

compromise the integrity of 

neuronal membranes, 

leading to impaired cell 

signaling, altered ion 

transport, and increased 

permeability (Sultana et al., 

2013). Lipid peroxidation 

generates reactive aldehy-

de by-products, such as 

MDA and 4-HNE.  

These aldehydes are highly reactive and can modify proteins and nucleic acids, leading to DNA 

damage and cellular dysfunction (Angelova et al., 2021). Reactive aldehydes generated during 

lipid peroxidation can directly interact with DNA, forming adducts and DNA-protein cross-

links. This DNA damage can interfere with DNA replication, transcription, and repair 

mechanisms, contributing to genomic instability and neuronal dysfunction. Lipid peroxidation 

can further enhance oxidative stress by generating additional ROS through reactions with 

transition metal ions or by promoting mitochondrial dysfunction (Villalón et al., 2022). 

Figure 2.6: Reactive oxygen species including superoxide 

radicals (O2·-) and hydroxyl radicals (·OH), can be generated 

during normal cellular metabolism or under conditions of 

oxidative stress. These ROS can directly interact with 

polyunsaturated fatty acids in membrane of cell, abstracting a 

hydrogen atom from the fatty acid chain and forming a lipid 

radical which leads to neurodegeneration.  
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Mitochondria, the powerhouses of cells, are particularly susceptible to oxidative stress. The 

oxidation of lipids can compromise the membrane of mitochondria function, leading in energy 

loss,  raised generation of reactive oxygen species, along with additional oxidative 

damage. Endogenous antioxidant systems in cells include enzymes such as  superoxide 

dismutase and glutathione peroxidase, which aid in the elimination of ROS. In 

neurodegenerative diseases, the antioxidant defense systems may become compromised, 

leading to an accumulation of ROS and subsequent lipid peroxidation (Kinghorn et al., 2015). 

Peroxidation of lipid metabolites can activate immune cells and promote the production of 

cytokines that are pro-inflammatory in the brain, causing inflammation. Furthermore, oxidative 

stress can affect calcium homeostasis, resulting in excitotoxicity, which is the overactivation 

of certain receptors that can result in neuronal cell death. The buildup of oxidative damage 

caused by lipid peroxidation, as well as subsequent events, can contribute to the gradual loss 

of neurons and the onset of neurological disorders (Dong and Yong, 2012). Lipid peroxidation 

products such as MDA and 4-HNE can cause oxidative damage to components of cells such as 

proteins, DNA, and lipids. This oxidative damage has the potential to alter cellular function 

and accelerate the evolution of neurodegenerative disorders. As a result, lipid peroxidation 

caused by oxidative stress is assumed to be important in both the onset and progression of 

neurodegenerative disorders (Grösgen et al., 2010). 

Therefore, strategies aimed at reducing oxidative stress and lipid peroxidation, as well as 

enhancing antioxidant defenses, have been explored as potential therapeutic approaches for 

these conditions. It is worth noting that research in this field is still ongoing, and while lipid 

peroxidation and oxidative stress are considered significant factors in neurodegeneration, they 

are part of a complex disease process involving multiple mechanisms. 

(c) Mitochondrial Dysfunction  

Mitochondria are essential cellular organelles involved in energy production, calcium 

homeostasis, and various other cellular processes. They play an important role in neuron 

function and are especially sensitive to oxidative stress, which has been linked to neurological 

disorders (Lin and Beal, 2006). The aetiology of neurological disorders is thought to be aided 

by oxidative stress-induced dysfunction of the mitochondria. Mitochondria are a primary 

producer of ROS within the cell, especially during the oxidative phosphorylation process. 

Under normal circumstances, a small percentage of electrons leak from the electron transport 

chain, resulting in the generation of superoxide radicals (O2-) within the mitochondrial matrix. 
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However, under oxidative stress, a disproportionate amount of reactive oxygen species is 

produced, overpowering the antioxidant system's cellular defence (Wang et al., 2019). ROS 

produced during oxidative stress can affect mitochondrial components such as proteins, 

mtDNA, and lipids. Oxidative destruction of mtDNA can disrupt mitochondrial gene 

expression, resulting in impaired mitochondrial function. Mitochondrial protein oxidation can 

affect their structure and function, reducing enzymatic activity and ATP synthesis. Damage to 

mitochondrial lipids caused by oxidation can compromise mitochondrial membrane integrity, 

impacting membrane potential and transport activities (Bhat et al., 2015).  

Reactive oxygen species can particularly damage and target electron transport chain elements, 

resulting in electron leakage and further ROS formation. This results in a continuing cycle of 

increased oxidative stress and mitochondrial malfunction. ETC complex failure can result in 

decreased ATP generation, reduced membrane potential, and disturbed calcium homeostasis 

(Hroudová et al., 2014). The mPTP, a non-specific channel in the mitochondrial inner 

membrane, can be activated by oxidative stress. Excess calcium absorption, ROS, and an 

altered redox state can all cause mPTP to open, resulting in the dissipation of the mitochondrial 

membrane potential and the release of pro-apoptotic substances from 

the intermembranes region, such as cytochrome c. This can cause apoptotic cell death and lead 

to degeneration (Petrozzi et al., 2007). Mitophagy is a biological mechanism that removes 

damaged or malfunctioning mitochondria. However, oxidative stress can disrupt the delicate 

equilibrium of mitochondrial fission and fusion, resulting in fragmentation of mitochondria 

and impaired mitophagy. The buildup of malfunctioning mitochondria can aggravate oxidative 

stress and mitochondrial dysfunction. Mitochondrial malfunction inhibits ATP generation, 

resulting in neuronal energy failure. Energy-dependent functions like as synaptic transmission 

and ion gradient maintenance are jeopardised. Furthermore, defective mitochondrial 

metabolism impacts the utilisation of glucose and other energy substrates, causing cellular 

bioenergetics to be disrupted (Islam, 2017). 

Overall, oxidative stress-induced mitochondrial dysfunction in neurodegeneration involves a 

cascade of events, including ROS overproduction, oxidative damage to mitochondrial 

components, impaired ETC function, mPTP opening, disrupted mitophagy, and energy failure. 

Understanding and targeting these mechanisms may provide potential therapeutic strategies for 

mitigating mitochondrial dysfunction and slowing down or preventing the development of 

neurological diseases.  
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(d) Inflammation  

Two factors contribute to neurodegeneration: inflammation and oxidative damage (Glass et al., 

2010). Oxidative damage, defined as a disparity among the creation of ROS and the cellular 

antioxidant system, can trigger 

inflammatory responses in the 

brain, exacerbating neurodeg- 

enerative processes as depicted 

in Figure 2.7 (Chitnis and 

Weiner, 2017). The processes 

through which oxidative 

damage promotes inflamm-

ation in neurodegeneration 

include many cascades. 

Oxidative damage can 

activate transcription factors 

including activator protein-1 

(AP-1) and nuclear factor-

kappa B (NF-κB). These 

transcription factors regulate 

the expression of pro-

inflammatory genes. NF-κB 

and AP-1 activation results in 

the generation of cytokines that are pro-inflammatory, chemokines, and other inflammatory 

mediators. Microglia, the resident immune cells in the CNS, and astrocytes, the supporting 

cells, play crucial roles in neuroinflammation (Walker et al., 2018). Microglia and astrocytes 

may be activated by oxidative stress, leading to their transition into pro-inflammatory 

phenotypes. Activated microglia produce cytokines that are pro-inflammatory, chemokines, 

and ROS, which exacerbate the inflammatory response. Astrocytes, when activated, contribute 

to the generation of mediators that promote inflammation, perpetuating neurological 

inflammation (Sun et al., 2023). 

Oxidative damage can stimulate the generation of pro-inflammatory cytokines, such as 

interleukin-1 beta (IL-1β), tumor necrosis factor-alpha (TNF-α), and interleukin-6 (IL-6). 

Figure 2.7: Oxidative stress can activate immune cells, 

particularly microglia and infiltrating immune cells in the 

CNS. Microglia, the resident immune cells in the CNS, can 

be activated by ROS and cytokines of pro-inflammatory. 

Activated microglia release pro-inflammatory cytokines, 

such as interleukin-1 beta (IL-1β), tumor necrosis factor-

alpha (TNF-α), and interleukin-6 (IL-6), and produce ROS, 

amplifying the inflammatory response. Infiltrating immune 

cells, macrophages and including T cells, are also activated 

by oxidative stress and contribute to neuroinflammation 

(Glass et al., 2010). 
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These cytokines promote inflammation by recruiting immune cells, increasing blood-brain 

barrier permeability, and activating glial cells. Oxidative stress can cause the oxidation of 

macromolecules such as  proteins, lipids, and nucleic acids (Piancone et al., 2021). Through 

pattern recognition receptors (PRRs) expressed on immune cells, these changed biomolecules 

can behave as damage-associated molecular patterns (DAMPs) and induce inflammatory 

responses. Oxidised lipids and proteins, for example, can activate toll-like receptors (TLRs), 

triggering signalling cascades that increase inflammation (Simpson et al., 2020). The NLRP3 

inflammasome, a multiprotein complex involved in the processing and production of pro-

inflammatory cytokines IL-1 and IL-18, can be activated by oxidative stress-induced 

mitochondrial malfunction. Dysfunctional mitochondria produce mitochondrial DNA 

(mtDNA) and reactive oxygen species (ROS), which activate the NLRP3 inflammasome, 

leading in the production of cytokines that are pro-inflammatory and the worsening of 

neuroinflammation (Li et ed., 2020). 

The interplay among inflammation and oxidative damage forms a vicious cycle, with oxidative 

stress promoting inflammation, and inflammation further exacerbating oxidative stress. This 

cycle contributes to the chronic neuroinflammation observed in various neurodegenerative 

disorders (Behl et al., 2021). Targeting oxidative stress and inflammation simultaneously 

represents a potential therapeutic approach for mitigating neurodegeneration. 

(e) Neuronal Cell Death  

Cell death of neurons in neurodegenerative illnesses is exacerbated by oxidative stress. The 

mechanisms through which oxidative damage attributes to death of neuronal cells in 

neurodegeneration includes cascades of process. Oxidative stress can cause damage to nuclear 

and mitochondrial DNA (mtDNA) through the oxidation of nucleic acids (Moujalled et al., 

2021). Accumulation of DNA damage can impair DNA repair mechanisms and lead to genomic 

instability. Unrepaired or misrepaired DNA might cause the cell death cascade to be activated. 

Oxidative damage can result in the oxidation and misfolding of proteins within neurons. 

Oxidized and misfolded proteins can form aggregates and disrupt cellular function. 

Accumulation of aggregation of proteins, such as tau and amyloid-β in AD, can trigger neuronal 

cell death pathways.  

Oxidative stress-induced lipid peroxidation can damage neuronal cell membranes (Park et al., 

2020). Membrane disruption can result in disturbed ion homeostasis, reduced neural signalling, 

and amplification of cell death cascades. Peroxidation of lipid products, including 4-
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hydroxynonenal (4-HNE), can also directly induce neuronal cell death through the production 

of ROS and the activation of apoptotic signaling pathways (Dang et al., 2022). 

Oxidative damage can impair function of mitochondria and lead to mitochondrial dysfunction. 

Dysfunctional mitochondria generate higher level of ROS, leading in a further increase in 

oxidative damage. Mitochondrial dysfunction can compromise ATP production, disrupt 

calcium homeostasis, and stimulate the discharge of proteins that promote 

apoptosis  including cytochrome c, triggering apoptotic cell death pathways (Filippone et al., 

2022). Oxidative damage can initiate various cell death signaling pathways, including 

apoptosis, necrosis, and autophagy.  

Excessive oxidative stress can disrupt the balance among pro-survival and pro-death signaling 

pathways, favoring the activation of cell death pathways. This can involve the activation of 

caspases, release of pro-apoptotic factors, and dysregulation of pro-survival signaling 

molecules (Ventruti and Cuervo, 2007). Oxidative stress-induced inflammation and 

excitotoxicity can attribute to cell death of neurons. Inflammatory mediators and excessive 

stimulation of glutamate receptors can cause excitotoxicity to neurons, resulting in the 

overactivation of cellular death processes. Persistent oxidative stress can activate planned death 

processes of cells such as necrosis or apoptosis, resulting in neuronal loss, a characteristic of 

neurological diseases (Moloudizargari et al., 2017). 

These pathways work together to cause the gradual degeneration of neurons seen in 

neurological disorders. Understanding these systems might help identify new therapy options 

for reducing oxidative damage and preventing neuronal death in neurodegeneration. 

(f) Cellular apoptosis 

ROS mediated cellular apoptosis because of oxidative damage is a significant process in 

neurodegeneration. Oxidative stress occurs when the production of ROS exceeds the 

antioxidant defence systems in cells, therefore may culminate in cell death that is apoptotic 

(Cotman et al., 1995). Cascades of processes are involved in the pathways of ROS-mediated 

cellular death in dementia. Mitochondria are an important generator and target of ROS. 

Oxidative stress can cause mitochondrial dysfunction by damaging mitochondrial components 

such as proteins, DNA, and lipids (Ghavami et al., 2014). This malfunction interrupts the 

electron transport chain, affecting ATP synthesis and inducing electron leakage, which leads to 

increased ROS production. Abnormal ROS generation can induce additional mitochondrial 

destruction, resulting in the release of pro-apoptotic substances from the mitochondria into the 
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cytosol, such as cytochrome c. Cytochrome c initiates apoptotic cell death by activating caspase 

cascades (Tatton and Olanow, 1999). ROS can trigger a variety of signalling pathways that 

control apoptosis. ROS, for example, can activate cell-surface death receptors such as Fas 

receptor (CD95), tumour necrosis factor receptor 1 (TNFR1), and TNF-related apoptosis-

inducing ligand receptors (TRAIL receptors). When ligands bind to these receptors, they create 

death-inducing signalling complexes (DISCs), which activate caspase-8 and cause apoptotic 

cell death (Zhou et al., 2019).   

ROS can trigger oxidative effects on DNA, such as strand breakage, base alterations, and the 

production of DNA adducts. Severe DNA damage can activate the DNA damage response, 

which involves the activation of signaling kinases, such as ATM and ATR. The DNA repair 

mechanism can activate p53, a transcription factor that controls cell cycle arrest and death. 

Activated p53 can induce apoptosis by increasing the expression of pro-apoptotic genes such 

as Bax and Puma and decreasing the expression of anti-apoptotic genes such as Bcl-2 (Marks 

and Berg, 1999). 

Caspases are key players in the execution of apoptosis. ROS can activate caspases through 

multiple mechanisms. ROS can directly oxidize and activate caspases, or they can modulate 

the activities of caspase regulators, such as Bcl-2 family proteins. ROS can disrupt the balance 

between pro-apoptotic and anti-apoptotic Bcl-2 family members, leading to the release of 

cytochrome c from the mitochondria, caspase-9 activation, and subsequent activation of 

downstream effector caspases, such as caspase-3. ROS can modulate anti-apoptotic pathways 

that normally protects cell from apoptosis (Stefani et al., 2012).  

For instance, ROS can oxidize and inactivate thioredoxin, a key antioxidant protein that inhibits 

apoptosis by reducing disulphide bonds in pro-apoptotic proteins. Inactivation of thioredoxin 

disrupts its anti-apoptotic function, promoting apoptotic cell death. Overall, ROS-mediated 

cellular apoptosis due to oxidative stress in neurodegeneration involves mitochondrial 

dysfunction, activation of apoptotic signaling pathways, DNA damage, caspase activation, and 

disruption of anti-apoptotic pathways.  

Understanding these mechanisms is crucial for developing strategies to mitigate oxidative 

stress and prevent or slow down neuronal apoptosis in neurodegenerative disorders as shown 

in Figure 2.8 (Londono et al., 2012). 
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Figure 2.8: Oxidative stress can activate various stress-responsive signaling pathways, 

including p38 mitogen-activated protein kinase (MAPK) pathway and the c-Jun N-terminal 

kinase (JNK) pathway. These mechanisms induce necrosis by regulating pro-apoptotic gene 

expression and suppressing anti-apoptotic factors (Ghavami et al., 2014). 

Given the importance of oxidative damage in neurological disorders, numerous treatment 

techniques targeted at lowering oxidative stress or increasing antioxidant defence systems have 

been investigated. More study is required to completely comprehend the complicated 

mechanisms at work and to design successful treatment strategies. 

2.4 CONVENTIONAL MEDICINES USED FOR NEURODEGENERATION AND 

THEIR NEUROTOXIC EFFECTS. 

Systemic administration of medicines to the CNS is a substantial obstacle, owing to their short 

half-life, considerable first-pass metabolism, low access to the brain, and potential adverse 

effects when reaching non-target peripheral organs (Misra et al., 2003). Cholinesterase (ChE) 

inhibitors, tacrine, N-methyl-D-aspartate (NMDA) agonists in connection with Vitamin D, 

levodopa, or other dopaminergic agonists and memantine have never been utilised in 

conventional medicine or therapeutics to alleviate anything apart from motor symptoms by 

replenishing neurotransmitters (Mansor et al., 2019). Nevertheless, long-term use of these 

drugs can have serious adverse effects, including additional motor difficulties, as shown in 

Table 2.2. 
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Table 2.2: List of some conventional medicines used for neurodegeneration and their neurotoxic effects. 

S.No Drug Molecular 

formulae 

Neurotoxic effect Clinical Uses Chemical structure Mol. weight 

(g/mol) 
References 

1. Donepezil C24H29NO3 The most prevalent adverse 

events leading to clinical trial 

termination were 

bradycardia, confusion,  and  

diaphoresis. Occasionally cause 

gastr-ointestinal side effects. 

Donepezil binds to and 

inactivates cholinesterase, 

preventing acetylcholine 

breakdown. This raises the 

concentrations of acetylcholine 

at cholinergic synapses. 

 379.492 Saxena et 

al., 2008 

2. Rivastigmine C14H22N2O2 A rivastigmine excess can cause 

seizures or shock. Large pupils, 

erratic breathing, and a quick, 

weak pulse are all symptoms of 

shock.  

This drug works by inhibiting 

the breakdown of acetylcholine, 

a neurotransmitter involved in 

memory and cognitive function 

in some individuals with AD.  

 250.337 Gupta et al., 

2021 

3. Memantine C12H21N Common side effects include 

dizziness, headache, confusion, 

and constipation. In rare 

instances, it may cause 

hallucinations, aggression, and 

increased confusion. 

Memantine is an NMDA 

receptor antagonist used to 

manage moderate to severe 

Alzheimer's disease. It works 

by regulating the activity of 

glutamate, an excitatory 

neurotransmitter. 
 

179.3 Rojas et al., 

2008 

4. Levodopa C9H11NO4 The majority of the evidence for 

levodopa toxicity comes from 

in vitro experiments, which 

show that levodopa can harm 

dopaminergic neurons through 

a process that most likely 

includes oxidative stress. 

Dopamine is a precursor of 

levodopa. Levodopa is most 

typically used as a dopamine 

replacement medication in the 

treatment of PD. It is 

particularly efficient in 

controlling bradykinetic 

symptoms seen in PD. 

  197.1879 Romagnolo 

et al., 2018 
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5. Pramipexole C10H17N3S Light-headedness, dizziness, or 

fainting, particularly when 

rising abruptly from a sitting or 

lying posture. observing, 

hearing, or experiencing things 

that are not present. 

Used to control and treat 

Parkinsonism and restless leg 

syndrome. This exercise 

discusses the indications, 

action, and contraindications of 

pramipexole as a beneficial 

medication in the treatment of 

parkinsonism and restless leg 

syndrome. 

 

 211.324 Uberti et al., 

2007 

6. Risperidone C23H27FN4

O2 
Risperdal has also been linked 

to movement abnormalities that 

worsen with time. Even if the 

person quits using Risperdal, 

the abnormali-ties may persist. 

Risperidone is prescribed to 

adults and teens 13 years of age 

and older to treat the symptoms 

of schizophrenia (a mental 

disorder characterised by 

abnormal or strange thinking 

and lack of interest in life). 

 

 410.485 Reeves et 

al., 2002 

7. Quetiapine C21H25N3O2

S 

Cataracts, weight gain, high 

blood sugar, high cholesterol, 

and tardive dyskinesia, an 

uncommon disorder 

characterised by involuntary 

and abnormal movements of the 

jaw, lips, and tongue, are some 

of the symptoms. 

This drug can help you focus 

and reduce hallucinations. It 

enables you to think more 

clearly and positively about 

yourself, to feel less frightened, 

and to participate more actively 

in daily life. It may also boost 

your mood, sleep, appetite, and 

vitality. 

 

 383.5099 He et al., 

2005 
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8. Galantamine C17H21NO3 Galantamine can induce nausea, 

vomiting, diarrhoea, lack of 

appetite, stomach discomfort, 

heartburn, weight loss, and 

excessive weariness. It will not 

cure Alzheimer's disease, nor 

will it slow its progression. 

 

Galantamine is a cholinesterase 

inhibitor having a dual mode of 

action. It is a reversible 

inhibitor of acetylcholine 

esterase that increases the 

intrinsic action of acetylcholine 

on nicotinic receptors. 

  

287.354 Kola et al., 

2023 

9. Selegiline C13H17N The drug's anticholinergic 

properties are primarily 

responsible for the drug's 

common side effects of 

xerostomia and constipati-on. 

Other typical side effects 

include headaches, dizziness, 

sleeplessness, and nausea. 

 

Selegiline is an MAO inhibitor, 

which is a kind of drug. This 

medicine is thought to assist 

inhibit the breakdown of 

dopamine in the brain. This 

medicine is typically used in 

conjunction with Sinemet at a 

later stage of Parkinson's 

disease. 

 

 187.2808 Ebadi et al., 

2006 

10. Rasagiline C12H13N Rasagiline may produce minor 

headaches, joint or neck 

discomfort, heartburn, nausea, 

vomiting, stomach pain, 

constipation, and diarrhoea as 

side effects. 

Rasagiline is used to treat the 

symptoms of Parkinson's 

disease (a slowly progressing 

nervous system disease 

characterised by a fixed face 

without expression, slowing of 

movements, and muscle 

weakness). 

 

 

171.238 Bar et al., 

2004 
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11. Tacrine C13H14N2 With acute exposure, tacrine 

induces an increase in blood 

enzymes, indicating liver cell 

injury. According to research, 

the neurotoxic effects of tacrine 

in the brain are caused by a rise 

in ACh levels, which leads to 

overstimulation of muscarinic 

receptors. 

 

It works by slowing the 

breakdown of acetylcholine. 

Used to treat Alzheimer's and 

dementia symptoms. This 

activity discusses the 

indications, mechanism of 

action, and contraindications 

for cholinest-erase inhibitors in 

the treatment of dementia 

problems. 

 

 198.264 Saxena et 

al., 2008 

12. Trihexypheni

dyl 

C20H31NO Severe sleepiness, dilated 

pupils, fever, paleness in your 

face, and skin, hallucinations, 

paranoia, seizure, or numbn-ess 

in or around your 

mouth,  throat, or nose are all 

indications of an overdose. 

 

This drug helps to manage the 

tremors and rigidity associated 

with Parkinson's disease. They 

work by blocking the effects of 

acetylcholine, thereby restoring 

balance between acetylcholine 

and dopamine in the brain.  

301.466 Saitoh et al., 

1988 

13. Benztropine C21H25NO Benztropine possesses antichol-

inergic as well as antihistaminic 

properties. The anticholinergic 

effects of benztropine are due to 

its blockage of the 

neurotransmitter acetylcholine. 

Symptoms may include dizzin-

ess and difficulty thinking or 

seeing clearly. 

Benztropine maintains the 

balance of  acetylcholine and 

dopamine in the regions of the 

brain that govern muscular 

movement. This reduces the 

movement side effects induced 

by antipsychotic drugs and 

Parkinson's disease. 

 

307.429 Sogawa et 

al., 2020 
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2.5 ROTENONE (NEUROTOXIC SUBSTANCE) 

Rotenone is an organic compound that occurs naturally and is generated from the rhizomes of 

some plants, including the jicama vine and the barbasco plant (Bisbal and Sanchez, 2019). It 

has been used for various purposes throughout history, including as a natural insecticide and 

piscicide (a substance used to kill fish). It has also been employed in research to study the 

mechanisms of dementia, particularly in relation to PD (Fikry et al., 2022). 

2.5.1 Mechanism of rotenone‐induced neurotoxicity 

The primary method of action of 

rotenone involves its suppression of 

the mitochondrial complex I, which is 

an essential element of the chain of 

electron transport responsible for 

energy production within the cell 

(Figure 2.9) (Pamies et al., 2018). 

Rotenone specifically targets and 

inhibits the activity of complex I in 

the mitochondria. Complex I is in charge of the electron transfer from NADH to coenzyme 

Q10 (CoQ10) during the process of oxidative phosphorylation, which creates the 

electrochemical gradient required for ATP generation. Rotenone disrupts the usual flow of 

electrons via the electron transport chain by blocking complex I. This disruption leads to 

decreased ATP production, as the energy derived from the transfer of electrons is reduced. 

Rotenone inhibits complex I, causing electron buildup in the electron transport chain (Wang et 

al., 2020). These stored electrons may interact with molecular oxygen, producing abundant 

ROS such superoxide anion and hydrogen peroxide . ROS are very reactive chemicals that can 

cause damage to biological elements such as  lipids, proteins, and DNA.  

Rotenone's enhanced generation of ROS causes oxidative stress within the cells. When there is 

an imbalance between the generation of ROS and the ability of cells to detoxify or repair the 

consequent damage, oxidative stress arises. Elevated ROS levels may incapacitate the cellular 

antioxidant defence mechanisms, resulting in oxidative damage to diverse cellular structures, 

as shown in Figure 2.10.  (Bhurtel et al., 2019). 

Figure 2.9: Chemical structure of rotenone. 
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 Rotenone's suppression of mitochondrial complex I and consequent oxidative stress can further 

impair mitochondrial function. The impaired mitochondrial function caused by rotenone 

contributes to the overall neurodegenerative process (Adedara et al., 2023). The exact reasons 

for this vulnerability are unknown, although variables that include the reliance on 

mitochondrial function for dopamine synthesis and the existence of higher levels of oxidative 

damage in these neurons may contribute to their increased sensitivity (Rao et al., 2019). 

Figure 2.10: Schematic representation of apoptotic pathways in neurodegeneration due to 

rotenone. Rotenone promotes the production of reactive oxygen species (ROS) in the 

cytoplasm by a variety of methods, that include: (1) depolymerization of microtubules. When 

microtubules depolymerize, vesicular transport of dopamine (DA) is interrupted, leading in an 

increase in cytosolic DA concentration and an increase in ROS levels owing to DA 

autooxidation produced by monoamine oxidases (MAO). (2) By suppressing complex I of 

mitochondrial chain, and (3) by activating various enzymes that create ROS, including the 

nicotinamide adenine dinucleotide phosphate (NADPH)-oxidases (Heinz et al., 2019).  

The link between rotenone and neurodegeneration has been extensively studied, particularly in 

relation to Parkinson's disease. It can induce Parkinson's disease-like symptoms and 

pathological changes in animal models, affecting mitochondrial function, leading oxidative 

damage, and promoting the expression of alpha-synuclein. More study is required to 

completely comprehend the mechanisms and to design successful treatment strategies. 
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2.6 IMPORTANCE OF MEDICINAL PLANTS AND THEIR THERAPEUTIC APPLI- 

CATIONS 

Medicinal plants have traditionally been utilised by humans as a traditional way of treating a 

variety of diseases. Despite significant improvements in therapeutic development, there is still 

a need for effective and potent analgesic drugs (Radha et al., 2021). In this context, it has been 

widely described that numerous plant-derived compounds serve an essential part in the process 

of developing novel techniques to treat various diseases. Recent research on herbal plants or 

medicine has resulted in significant advances in the pharmacological assessment of diverse 

plants utilized in traditional medical systems (Pathak et al., 2022). Secondary metabolites or 

substances found in medicinal plants include tannins, terpenoids, alkaloids, and flavonoids, 

which determine the therapeutic effectiveness of the plant, particularly its antioxidant activity. 

Secondary metabolites are very diverse low molecular weight substances with a wide range of 

biological characteristics that interact with proteins, nucleic acids, and other biomembranes 

and are active and volatile targets of cells (Siddiqui et al., 2022).  

Herbal remedies play a crucial part in healthcare and have various therapeutic applications. 

Here are some key reasons highlighting the importance of medicinal plants and their 

therapeutic applications: 

➢ Traditional Medicine: For ages, medicinal plants have been employed in traditional 

medical systems including Ayurveda, Traditional Chinese Medicine, and Indigenous 

healing practises. They form the foundation of these systems and have been trusted for 

their healing properties by communities worldwide (Keihanian et al., 2022). 

➢ Rich Source of Bioactive Compounds: Medicinal plants contain numerous bioactive 

compounds including flavonoids, alkaloids, terpenoids, and tannins, which possess 

medicinal properties. These compounds can have diverse impacts on the human health, 

including analgesic, anti-inflammatory, antimicrobial, antioxidant, anticancer, and 

antidiabetic activities (Zhu et al., 2022). 

➢ Drug Discovery and Development: Many modern pharmaceutical drugs are derived 

from or inspired by medicinal plants. Natural plant substances serve as the foundation 

for the creation of novel drugs. Examples include the use of the plant-derived 

compound paclitaxel for cancer treatment and the development of aspirin from willow 

bark (Dutra et al., 2016). Medicinal herbs are often the primary source of healthcare in 

many developing countries, where access to conventional medicine may be limited. 
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Local communities rely on traditional herbal remedies derived from medicinal plants 

for treating common ailments and maintaining their well-being (Barkat et al., 2021). 

Medicinal plants are an integral part of complementary and alternative medicine 

practices. Many people seek natural and plant-based treatments as alternatives or 

supplements to conventional medicine. Herbal remedies and supplements made from 

medicinal plants are used for various purposes, including immune support, stress 

reduction, and overall wellness (Jahangir et al., 2020). 

➢ Nutraceuticals and Functional Foods: Medicinal herbs are also used to create 

functional meals and nutraceuticals. These products go beyond basic nourishment to 

give additional health advantages. They are created with specialised plant extracts or 

bioactive chemicals to promote various areas of health, such as cardiovascular health, 

cognitive function, and digestive wellness (Ong, 2004). 

➢ Conservation and Biodiversity: The preservation and sustainable utilization of 

medicinal plants contribute to biodiversity conservation efforts. By promoting the 

conservation of natural habitats and ensuring the sustainable harvesting of medicinal 

plants, we can protect valuable plant species and maintain the delicate ecological 

balance (Dey et al., 2019). 

➢ Research and Innovation: Ongoing scientific research on medicinal plants helps 

validate their traditional uses, discover new applications, and optimize their 

effectiveness (Tiwari et al., 2016). 

Curcuma longa, Zingiber officinale, and Aloe barbadensis have anti-inflammatory properties 

that can help to reduce inflammation in the body (Venkatadri et al., 2020). Echinacea purpurea 

and Allium sativum contain natural compounds that can help fight bacteria, viruses, and fungi. 

Some medicinal plants have analgesic properties that can help alleviate pain including Salix 

alba, which contains salicylic acid (the active ingredient in aspirin), and Zingiber officinale, 

which contains compounds that can reduce pain and inflammation (Sharma et al., 2022). Many 

medicinal plants including Mentha piperita and Matricaria chamomilla can promote digestive 

health by reducing inflammation and supporting the growth of healthy gut bacteria. Some 

medicinal plants have calming and relaxing properties that can help reduce anxiety and stress. 

Examples include Matricaria chamomilla and Passiflora incarnata (Wang et al., 2020). 

Numerous studies in the world have confirmed the beneficial effects of Urtica dioica, 

Matricaria chamomilla, and Murraya koenigii. Understanding the molecular mechanisms 

contributing to beneficial outcomes can pave the way for novel treatment approaches. 
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2.6.1 Urtica dioica  

2.6.1.1 Botanical Properties: Urtica dioica, also referred to stinging nettle, is an Urticaceae 

family perennial herbaceous plant (Figure 2.11). It is native to Asia, Europe, Northern Africa, 

and North America and can be found in various regions around the world (Grauso et al., 2020). 

For generations, UD extract has been utilised for its therapeutic and nutritional benefits. U. 

dioica is a herbaceous plant that can reach a height of 1-2 metres (3-6 feet). It has a spreading 

habit and forms dense clumps or patches. The stem is erect, four-sided, and covered with 

stinging hairs. The leaves of stinging nettle are opposite, toothed, and ovate in shape. They are 

characterized by fine hairs, including stinging hairs, which contain irritants that cause a stinging 

sensation when touched (Dhouibi et al., 2020). The leaves have a dark green color and 

prominent veins. The flowers lack petals and are instead surrounded by four greenish sepals. 

Stinging nettle is notorious for its stinging hairs, which act as a defense mechanism. These 

hairs contain chemicals, such as formic acid and histamine, that cause a stinging and itching 

sensation when they come into contact with the skin. Stinging nettle contains a variety of 

bioactive compounds that contribute to its medicinal properties (Devkota et al., 2022). These 

include flavonoids, phenolic acids, lectins, vitamins (that include vitamin C and vitamin K), 

minerals (that include iron and silica), and various other nutrients. It has been utilized to treat 

conditions like sensitivities, joint inflammation, skin aggravations, and urinary tract issues. 

Stinging nettle is also used as a nutritive tonic and is believed to support overall health and 

well-being (Zhang et al., 2014).  

2.6.1.2 Taxonomic Classification of Urtica dioica: 

 Kingdom: Plantae 

 Phylum: Magnoliophyta 

 Class:  Magnoliopsida 

 Order: Urticales  

 Family: Urticaceae  

 Genus: Urtica 

 Species: Urtica dioica L. 

 Scientific name: Urtica dioica 

 Common name: Stinging nettle  

 

Figure 2.11: Urtica dioica 
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2.6.1.3 Phytochemical Properties: Urtica dioica contains several phytochemicals that 

contribute to its medicinal properties. It contains various flavonoids, including quercetin, 

kaempferol, and rutin which are recognised for their  anti-inflammatory and 

antioxidant  benefits. They also have potential anti-allergic, anti-cancer, and neuroprotective 

properties. Lectins are carbohydrate-binding proteins found in U. dioica. They have been 

proven to have immunomodulatory characteristics and might possess anti-inflammatory 

capabilities. U. dioica contains sterols, such as beta-sitosterol (Dar et al., 2013). These 

substances have been associated with immunomodulatory and anti-inflammatory properties. 

There are other phenolic chemicals in this plant, such as ferulic acid, chlorogenic acid, and 

caffeic acid. These chemicals have antioxidant properties and contribute to the plant's anti-

inflammatory properties. Triterpenes such as  oleanolic acid and ursolic acid are found in Urtica 

dioica. Antiinflammatory, antioxidant, anti-cancer, and hepatoprotective activities have been 

demonstrated for these substances (Gulcin et al., 2004). Urtica dioica seeds contain essential 

fatty acids, including omega-3 and 6, and minerals including calcium, magnesium, potassium, 

and iron. It also contains vitamins, including vitamin C and β-carotene, which have antioxidant 

properties and support overall health . 

These phytochemicals present in Urtica dioica contribute to its potential medicinal properties 

and have been studied for their effects on inflammation, allergies, prostate health, and other 

conditions (Bourgeois et al., 2016). 

2.6.1.4 In-vivo Pharmacological studies on Urtica dioica:  

(a) Anti-inflammatory effects: Urtica dioica contains phyto-constituents, including phenolic 

constituents and flavonoids, which have been demonstrated to be anti-inflammatory. Chronic 

inflammation is often associated with neurodegenerative diseases, and reducing inflammation 

may help protect neurons from damage. Scientific study has emphasised the nettle's capacity 

to reduce the inflammatory response via several routes, with the end result being a reduction 

in the creation of lipid mediators and proinflammatory cytokines. Leaf fractions reduce the 

development of  thromboxanes and prostaglandins by inhibiting the formation of arachidonic 

acid pathway enzymes, including the cyclo oxygenases COX-1 and 2 (Chira et al., 2022). 

(b) Antioxidant activity: Urtica dioica exhibits antioxidant activity, which can help counteract 

oxidative stress. Antioxidants assist to neutralize free radicals and prevent cellular damage, 

which is important in the evolution of neurological conditions. Nettle extracts are capable of 

neutralising reactive oxygen species (ROS). Their antiradical activity against superoxide anion 
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O2, OH, and NO was evaluated by spectroscopy. Numerous studies have shown that leaf 

fractions in  ethanol and methanol have a high antioxidant effect on 2,2'-azino-bis(3-

ethylbenzothiazoline-6-sulfonic acid (ABTS) and 1,1-diphenyl-2-picrylhydrazyl radical 

(DPPH) (Jaiswal and Lee, 2022). 

(c) Antidiabetic activity: A research on diabetic rats found that aqueous extracts of nettle leaves 

had a hypoglycaemic effect. The reduction of intestinal glucose absorption supports these 

results. Furthermore, research on the islets of Langerhans have shown that nettle has a 

stimulatory effect on insulin release, which is followed by a drop in blood sugar. This 

conclusion was confirmed by tests performed on normal and diabetic rats following 

intraperitoneal administration of aqueous extracts (Tabrizi et al., 2022). 

(d) Antiulcer properties: Nettle prevents stomach ulcers in a dose-dependent manner. Aqueous 

fraction of aerial parts prevented rats against stomach ulcers at doses of 50 and 200 mg/kg, 

with protective rates ranging from 68.6 to 76.7% (Sisay et al., 2021). 

(e) Cholinergic activity: Urtica dioica has been shown to have cholinergic activity, which 

means it may have an effect on the system of neurons in the brain. The cholinergic system is 

essential for cognitive function, and disruption of this system is shown in neurodegenerative 

illnesses including AD (Patel et al., 2015).  

(f) Antihypertensive properties: Intravenous injections of an aqueous fraction of U. dioica 

aerial parts at two dosages (4 and 24 mg/kg/h) resulted in blood pressure decreases of 16% and 

39%, respectively, proportional to the given dose. This decrease was associated with an 

increase in  natriuresis. However, when a low dosage (4 mg/kg/h) was administered, the 

hypotensive effect was reversible after one hour, but it maintained when a substantial amount 

(24 mg/kg/h) was utilised (Qayyum et al., 2016).  

(e) Diuretic activity: Urtica dioica has diuretic properties, meaning it can increase urine 

production and promote the excretion of excess water and waste products from the body. 

Previous study reported that diuretic effect may be beneficial in conditions such as edema and 

urinary tract infections (Taheri et al., 2022). 

While Urtica dioica has shown promise in preclinical trials, further study is required to fully 

comprehend its impact on neurodegeneration and to determine its safety and effectiveness in 

human patients. 
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2.6.2 Matricaria chamomilla 

2.6.2.1 Botanical Properties: Chamomile, often known as Matricaria chamomilla, is a small 

Asteraceae flowering plant (Figure 2.12). It is native to Western Asia and Europe, but has 

spread to other regions of the world (Singh et al., 2011). Chamomile is an annual herbaceous 

plant that matures to a height of around 15-60 cm (6-24 inches). It has a branching, erect stem 

covered with fine, feathery leaves. The leaves of chamomile are alternate, bipinnate, and have 

a fern-like appearance. They are divided into thread-like segments, giving them a feathery 

appearance. The flowers of chamomile are small and daisy-like, with a yellow center 

surrounded by white petals. They are borne on long stalks and have a pleasant, apple-like 

fragrance. The flowers bloom in late spring to early summer (Farzadfar et al., 2013).  

Chamomile contains several bioactive compounds that contribute to its medicinal properties. 

The main constituents include essential oils (such as chamazulene, bisabolol, and farnesene), 

flavonoids (such as quercetin, apigenin, and luteolin), and other beneficial compounds. It has 

anti-inflammatory, antioxidant, and antimicrobial effects as well.  

Chamomile flowers can be used to make herbal tea, which is popular for its soothing and 

calming effects. The tea is often consumed to promote relaxation and relieve stress. While 

chamomile is primarily known for its calming and sedative effects, it also possesses several 

potential benefits that may be relevant to neurodegeneration (Avallone et al., 2000).  

2.6.2.2 Taxonomic Classification of Matricaria chamomilla 

 Kingdom: Plantae 

 Phylum: Magnoliophyta 

 Class: Magnoliopsida 

 Order: Asterales  

 Family: Asteraceae  

 Genus: Matricaria 

 Species: chamomilla 

 Scientific name: Matricaria  

                             chamomilla 

 Common name:  Chamomile 

 

Figure 2.12: Matricaria chamomilla 
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2.6.2.3 Phytochemical Properties: Chamomile contains a diverse range of phytochemicals, 

which are naturally occurring compounds that contribute to its therapeutic properties. 

Chamomile is rich in flavonoids, including apigenin, luteolin, quercetin, and their glycosides 

(Mihyaoui et al., 2022). Flavonoids possess antioxidant, antimicrobial, and anti-inflammatory,  

abilities, this can help protect the body from oxidative stress, decrease inflammation, and resist 

infections. Matricaria chamomilla contains terpenoids such as chamazulene, α-bisabolol, 

bisabolol oxide, and matricin which exhibits anti-inflammatory, soothing and skin-calming 

properties. Chamomile also contains coumarins like herniarin and umbelliferone which have 

anticoagulant and vasodilatory properties, and may contribute to chamomile's ability to 

promote blood circulation and relieve muscle spasms (Baghalian et al., 2011). Chamomile 

contains phenolic acids including p-coumaric acid, chlorogenic acid, and caffeic acid which 

are responsible for anti-cancer and antioxidant effects. Matricaria chamomilla contains various 

glycosides, apigenin and luteolin are two examples. Chamomile's anti-inflammatory and 

antioxidant properties are enhanced by these glycosides. (Mailänder et al., 2022).  

The combination of these phytochemicals in Matricaria chamomilla is believed to contribute 

to its several medicinal qualities, including anti-inflammatory, antimicrobial, antioxidant, 

sedative, and digestive benefits. 

2.6.2.4 In-vivo Pharmacological studies on Matricaria chamomilla 

Anti-inflammatory properties: Chamomile contains compounds, such as chamazulene, 

apigenin, and bisabolol, which have anti-inflammatory properties. The volatile and non-volatile 

components of chamomile, essential oil and aqueous fraction, may all strongly decrease 

xylene-induced edoema of mouse ears, and carrageenan-induced pedal swelling in rats, 

according to prior research.  

They also demonstrated a considerable inhibitory effect on carrageenan-induced increases in 

prostaglandin E2 and nitric oxide levels in rat pedal edoema (Biltekin et al., 2023). The effects 

of an M. chamomilla hydroalcoholic extract on inflammatory blood marker levels in rats. Blood 

levels of TNF, IL-6, and fibrinogen were considerably lower after treatment with 109 mg/kg 

hydroalcoholic extract (Shebbo et al., 2020) 

(a) Antioxidant effects: Chamomile contains flavonoids and other compounds that possess 

antioxidant properties, helping to decrease oxidative damage and eliminate free radicals to 

cells. According to Singh et al. (2011), chamomile fraction demonstrated strong antioxidant 

qualities in lipid peroxidation studies using chicken liver tissue.  MC fraction decreased the 
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rise in SOD globules and plasma malondialdehyde caused by an elevated cholesterol feed in 

male Wistar rats. Furthermore, 10 and 20%  chamomile powder significantly decreased lipid 

peroxidation while raising catalase,  glutathione levels, and acetylcholine esterase in diabetic 

rats (Kolodziejczyk et al., 2015).  

(b) Antidiabetic properties: Anti-amylase and maltase activities of MC fraction and extracted 

glucosides apigenin, cis and trans-2-hydroxy-4-methoxycinnamic acid were investigated. The 

results indicate that both the portion and the drugs hindered the activity of enzymes in a 

dependent on concentration way. Apigenin and apigenin-7-O-glucoside inhibited maltase and 

α-amylase the most. 

Another study discovered that MC hydro-methanolic fraction and many isolated components 

decreased the activity of rat lens aldose reductase. Furthermore, in high-glucose 

conditions,  3,5-O-di-caffeoylquinic acid and luteolin-7-O-β-d-glucuronide  reduced sorbitol 

aggregation in rat lens, but luteolin and luteolin-7-O-β-d-glucuronide hindered the formation 

of advanced products of glycation. Furthermore, the MC ethanolic extract demonstrated anti-

glycation properties as well as lipase inhibiting properties with an IC50 of 259.4 g/ml (Cemek 

et al., 2008). 

(c) Anti-tumoral properties: Matricaria chamomilla extracts and essential oils have also been 

examined for their anti-tumoral activities on a wide range of cancer cell lines. Chamomile 

extract was tested for anticancer activity on a human breast carcinoma (MCF-7) cell line. It 

reduced cell growth in a dose-dependent manner, with 88.9% suppression after 24 hours at the 

maximum dosage of 640 g/ml.  

Moreover, the anticancer activity was investigated against two types of human 

promyelocytic leukemia cell lines (NB4 and HL-60). Both cell lines were inhibited by MC 

extract, with greater death percentages against NB4 cells (87.01% at 200 g/mL) than HL-60 

cells (77.02% at 200 g/mL) (Khan et al., 2023). 

(d) Stress reduction and sleep improvement: Chamomile is well-known for its calming and 

sleep-inducing properties. Chronic stress and sleep disturbances have been associated to an 

raised risk of neurodegenerative disorders. By reducing stress and improving sleep quality, 

chamomile may indirectly support health of brain and decrease the risk of neurodegeneration 

(Dai et al., 2022). Further research, including well-designed clinical trials, is necessary to 

confirm these potential benefits and determine the appropriate dosage and long-term effects in 

humans. 
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2.6.3 Murraya koenigii 

2.6.3.1 Botanical Properties: Murraya koenigii is generally known as curry leaf or sweet 

neem, and is a tropical plant local to the subcontinent of India (Figure 2.13). It is highly valued 

for its aromatic leaves, which are widely used in various cuisines for their distinct flavour and 

aroma (Rehman et al., 2023). It is an insignificant to medium in size deciduous shrub or tree 

that can reach a height of 4-6 meters (13-20 feet). The leaves of Murraya koenigii are the most 

notable part of the plant. They are compound leaves, meaning they are composed of multiple 

leaflets. Each leaf typically has 11-21 glossy, dark green leaflets that are lanceolate or ovate in 

shape. The leaflets are approximately 2-4 cm long and emit a strong, characteristic aroma when 

crushed or bruised. This plant produces small, white, fragrant flowers that grow in clusters 

called panicles. The flowers have five petals and numerous stamens (Choudhury and Garg, 

2007). The plant produces small, shiny, black or dark purple berries, which are technically 

drupes. M. koenigii is a tropical plant that thrives in warm and humid climates. The leaves of 

M. koenigii are the most utilized part of the plant. Aside from its culinary applications, curry 

leaf is said to have a variety of therapeutic characteristics and is utilised in classical 

Ayurvedic medicine for its possible medical advantages (Samanta et al., 2018).  

Murraya koenigii has long been utilised in traditional medicine to treat a wide range of 

ailments. Among other things, it is expected to have antibacterial, anti-inflammatory, anti-

cancer, and antioxidant activities (Tan et al., 2022).  

2.6.3.2 Taxonomic Classification of Murraya koenigii 

 Kingdom: Plantae 

 Phylum: Tracheophyta 

 Class: Magnoliopsida  

 Order: Sapindales 

 Family: Rutaceae  

 Genus: Murraya 

 Species: koenigii 

 Scientific name: Murraya  

                             koenigii  

 Common name: Curry leaf 

 

Figure 2.13: Murraya koenigii 
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2.6.3.3 Phytochemical Properties: Murraya koenigii, or curry leaf, contains several 

phytochemicals that contribute to its medicinal properties and health benefits. Carbazole 

alkaloids, such as mahanimbine, girinimbine, and mahanine, are the main bioactive elements 

present in M. koenigii. These compounds possess various biological activities, including anti-

microbial, anti-inflammatory, antidiabetic, and antioxidant properties (Balakrishnan et al., 

2020). It also contains flavonoids such as kaempferol, rutin, and quercetin which are recognised 

for their anti-inflammatory and antioxidant qualities, and they also exhibit potential anticancer 

properties. Murraya koenigii is a rich source of triterpenoids, including beta-sitosterol, 

stigmasterol, and lupeol which have been linked with various health benefits, such as anti-

inflammatory, antimicrobial, antidiabetic, and hepatoprotective properties. Coumarins, such as 

scopoletin and isoscopoletin possess antioxidant, anti-inflammatory, and antimicrobial 

properties. M. koenigii leaves also contain essential oils, which contribute to its distinct aroma 

and flavour. The essential oils are composed of various compounds, including beta-

caryophyllene, alpha-pinene, and beta-pinene, which have antimicrobial and insecticidal 

properties (Gupta et al., 2011). 

These phytochemicals present in Murraya koenigii contribute to its medicinal properties and 

make it a valuable plant in traditional medicine and herbal remedies (Utaipan et al., 2017). 

2.6.3.4 In-vivo Pharmacological studies on Murraya koenigii 

Murraya koenigii, or curry leaf, possesses various pharmacological properties that have been 

studied and documented. Some of the notable pharmacological properties of M. koenigii 

include: 

(a) Anti-cancer activity: Some studies have investigated the potential anti-cancer properties of 

Murraya koenigii. In HepG2 cells, carbazole extracted from M. koenigii bark produce 

considerable targeted cell death (Syam et al., 2011). Bhattacharya et al. (2010) suggested the 

engagement of death receptor determined extrinsic mechanism of apoptosis by mahanine. It 

inhibited tumour growth in MOLT-3 cells though not in K562 cells (Bhattacharya et al., 2010). 

Pyrayafoline, murrafoline, and three carbazole alkaloids were also shown to be effective 

against HL-60 cells. Amna et al. revealed the potential of leaves by demonstrating that they are 

cytotoxic against HeLA cancer cell lines (Amna et al., 2019).  

(b) Antioxidant activity: Murraya koenigii exhibits significant antioxidant properties due to 

the existence of several secondary metabolites including alkaloids, flavonoids, and phenolic 

constituents.  
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According to the research, aqueous extracts of M. koenigii leaves shown a strong protective 

mechanism against cadmium-induced damage to the cardiac tissues of rats. In mice, the 

benzene component of Murraya koenigii was demonstrated to have antioxidant and 

antimutagenic activities. These antioxidants aid in the neutralisation of radicals that are free 

and the protection of cells from oxidative damage, which may lessen the likelihood of chronic 

illnesses such as cancer and cardiovascular disease (Zahin et al., 2013). 

(c) Antipyretic activity: Murraya koenigii ethanolic extract was found to have considerable 

antipyretic efficacy in a yeast-induced pyrexia rat model. Rageeb et al. tested the antipyretic 

efficacy of M. koenigii leaves on albino rats using a yeast-induced pyrexia paradigm. The 

findings were equivalent to the commercial antipyretic, paracetamol. In rats, an alcohol extract 

of M. koenigii demonstrated a substantial antipyretic effect in PGE1-induced hyperpyrexia 

(Malode et al., 2021). 

(d) Immunomodulation activity: Methanolic extract obtained from M. koenigii leaves 

increased the phagocytic index significantly, owing to the fast elimination of carbon particles 

from the circulation. There was also an increase in antibody against ovalbumin and protection 

against cyclophosphamide-induced myelosuppression. MK possess immunomodulatory 

qualities that enhanced humoral immunity and phagocytic activity (Shah et al., 2008). 

(e) Hypoglycaemic activity: Studies have indicated that Murraya koenigii may have 

antidiabetic properties. Recent report demonstrated that methanolic and aqueous extracts of M. 

koenigii leaves lowered plasma glucose levels in alloxan-induced rats. The ethanolic extract of 

MK stem demonstrated significant decrease in triglyceride, blood glucose level, body weight, 

and total cholesterol. Mahanimbine, derived from the leaves of M. koenigii, was discovered to 

have hypolipidemic and antihyperglycemic properties (Husna et al., 2018). 

(f) Anti-ulcer activity: The anti-ulcer activity of hot aqueous fraction of leaves was studied at 

two different dosages of 250 and 400 mg/kg. The fraction prevented stomach lesions caused 

by anti-inflammatory medications and a pylorus ligation model. In the pylorus ligation model, 

the fraction reduced ulcerative lesion and stomach volume while increasing the pH of gastric 

juice (Mani et al., 2013).  

While Murraya koenigii has shown these pharmacological effects in several investigations, 

additional study is needed to properly examine its potential medicinal uses. 
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2.7 OBSTACLES OF DRUG DELIVERY TO BRAIN TARGETING  

Delivering medicines and nutritional antioxidants to particular brain sites is complicated by the 

existence of the blood-cerebrospinal fluid barrier (BCFB), blood-brain barrier (BBB), and other 

physiological variables (Gosselet  et al., 2021). Despite the screening of several 

pharmacological candidates, only a few options, such as tacrine, donepezil, galantamine (AChE 

inhibitors), galantamine, rivastigmine, curcumin, and memantine (NMDA inhibitor), are now 

used in the therapeutic treatment of neurological  disorders. The CNS is probably the most 

complicated and sensitive system in the human body. Because of the complicated architecture 

of the CNS, there are several restrictions in targeted medicine transfer from the blood brain to 

the CNS. These include a lack of knowledge regarding the pharmacokinetics (half-life), 

bioavailability for brain cells, or drug's function, as well as adverse effects and the unexpected 

interaction of off-targets-drugs with unspecific enzymes and receptors (Goyal et al., 2014). 

This is a consequence of the convoluted pharmacology of various drugs, the extended idleness 

time of neurodegenerative problems, the ineffectualness of prescriptions after the movement 

of sicknesses, erroneous measurements, the genotype of the patient populace and differing 

reactions to drugs, and the instability (oxidation, hydrolysis) record of assessed drugs. In 

addition, the issues will only become worse in terms of the brain (Huttunen et al., 2022). The 

three primary obstacles to medication delivery into the brain will be described here. 

2.7.1 Blood-brain barrier (BBB) 

The BBB is a semi-permeable and highly selective  barrier that separates circulating blood 

from the CNS, which includes the spinal cord and brain. Its primary role is to protect the brain 

from potentially harmful substances and maintain a stable environment necessary for proper 

neuronal function. It is comprised of particular endothelial cells that coat the walls of vessels 

in the mind (Ronaldson and Davis, 2011). These endothelial cells are tightly connected by 

junctional complexes, including tight junctions, which limit the passage of molecules and ions 

between cells. The tight junctions restrict the movement of most substances, including large 

molecules and many drugs, from freely diffusing into the brain. Aside from endothelial cells, 

the BBB is maintained by additional cell types such as astrocytes, pericytes, and the basal 

lamina. This prevents the free movement of substances between cells and limits the diffusion 

of hydrophilic molecules (Ding, et al., 2020). P-glycoprotein and other specialised transport 

proteins are found on the lumen (blood-facing) surface of cell membranes. These transporters 

actively pump certain drugs and toxins out of the brain, reducing their accumulation. The BBB 
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contains enzymes that can metabolize certain substances, further limiting their ability to enter 

the brain. Astrocytes, a type of glial cell, have projections called endfeet that surround the blood 

vessels. They help to regulate the passage of waste products and nutrients among the circulatory 

system and the brain (Patel et al., 2017). 

Surrounding brain 

capillary endothelial 

cells are microglial 

cells, astrocytes, 

pericytes, and 

extracellular matrix. 

The basal lamina, 

which is made up of 

fibronectin, laminin, 

heparin sulphate, 

and type IV collagen, 

surrounds the brain 

base endothelial cells (Figure 2.14). However, over 97.9% of drugs used to treat brain illnesses 

do not cross the BBB, leaving these exceedingly complex conditions untreated (Xie et al., 

2019). 

Although the BBB is important for preserving the functioning of the CNS, it also makes 

medicine transport to the brain difficult. Many therapeutic agents, including drugs and dietary 

antioxidants, face difficulties in crossing the BBB and reaching their target sites within the 

brain (Zhang et al., 2016). Researchers are actively investigating various strategies to overcome 

these challenges and develop methods for targeted drug delivery across the BBB. 

2.7.2 Blood-cerebrospinal fluid barrier (BCSFB) 

BCSFB is a specialised barrier system that controls the flow of chemicals inside the central 

nervous system  between blood and cerebrospinal fluid . It is one of numerous barriers that 

keep potentially dangerous compounds out of the spinal cord and brain. The BCSFB is 

primarily produced by the choroid plexus, a layer of specialised cells located in the brain's 

ventricles (Redzic, 2011). The choroid plexus is made up of an arrangement of blood arteries 

surrounded by cells of epithelium that coat the ventricles. Tight junctions link these cells, 

Figure 2.14: Multiple routes of transport through the blood-brain 

barrier (BBB) (Teleanu et al., 2019). 
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forming a physical barrier that inhibits the passage of chemicals among the CSF and  blood 

(Engelhardt and Sorokin, 2009). 

BCSFB poses significant 

obstacles to drug delivery 

for brain targeting as 

sown in Figure 2.15. 

While BBB is the primary 

barrier that restricts the 

passage of substances into 

the brain tissue, the 

BCSFB is also involved 

in preventing drug access 

into the CSF and, 

ultimately, the brain. Tight 

associations connect the 

cells of the epithelial layer of the choroid plexus, which comprise the BCSFB. These tight 

junctions create a physical barrier that restricts the paracellular movement of molecules 

(Strazielle and Ghersi, 2016). Similar to the BBB, the BCSFB is equipped with efflux 

transporters, including P-gp, which actively pump drugs out of the CSF and back into the blood. 

These transporters significantly limit the accumulation of drugs in the CSF and brain. Even if 

a drug manages to cross the BCSFB, it may still face challenges in permeating brain tissue due 

to the presence of the BBB (Ueno et al., 2016). The drug needs to cross both the BCSFB and 

the BBB to reach its target site within the brain, further complicating drug delivery. The 

permeability of the BCSFB can vary depending on the specific region of the brain and the drug 

being delivered. Some areas of the brain may have a more restrictive BCSFB compared to 

others, making drug delivery inconsistent. Unlike the BBB, which has specific transport 

systems for certain molecules, the BCSFB has limited specific transport mechanisms (Wang 

and Zuo, 2018). Because of the lack of specialised transporters, targeted medication delivery 

to the CSF and brain might be difficult. 

Overall, the BCSFB's limitations in delivering medicines to the brain underscore the need for 

novel techniques and focused ways to successfully transport medications to the CSF and brain 

tissue during the treatment of a variety of neurodegenerative illnesses. 

Figure 2.15: A schematic representation of the Blood-

Cerebrospinal Fluid Barrier. 
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2.7.3 Multidrug resistance protein 1 (MDR1) 

P-glycoprotein (P-gp), also known as multidrug resistance protein 1 (MDR1), is a membrane 

transporter protein that serves a crucial impact in protecting tissues, including brain, from 

potentially harmful substances by actively pumping them out of the cells. While P-gp serves 

as a defense mechanism, it can also present significant obstacles to drug delivery to the brain 

(VanDuyn and Nass, 2014). P-gp is abundant in the BBB, a specialized structure that strictly 

restricts the movement of chemicals from the circulation into the brain. The presence of P-gp 

reduces the permeability of drugs, making it difficult for them to cross the BBB and reach their 

intended targets in the brain as illustrated in Figure 2.16. P-gp actively transports a wide range 

of drugs and other compounds out of brain cells back into the bloodstream (Dallas et al., 2016).  

Figure 2.16: The structure of P-glycoprotein in cerebral endothelial cells is shown 

schematically. 

This efflux action can significantly reduce the concentration of drugs in the brain, limiting their 

therapeutic efficacy. P-gp effectively acts as a barrier, preventing drugs from accumulating in 

sufficient amounts in the brain (Amin et al., 2013). Overexpression of P-gp can lead to drug 

resistance in certain diseases, such as cancer. P-gp pumps out chemotherapeutic drugs from 

cancer cells, reducing their effectiveness (Cole, 2014). This resistance can also extend to drugs 

targeting brain disorders like epilepsy and neurodegenerative diseases, further complicating 

treatment. P-gp can interact with multiple drugs simultaneously due to its broad substrate 
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specificity (Gupta et al., 2015). When multiple drugs are administered together, they can 

compete for binding and transport by P-gp, potentially affecting the pharmacokinetics and 

bioavailability of each drug. This can lead to unpredictable drug interactions and altered 

therapeutic outcomes (Grant et al., 2008). This variation adds another degree of complication 

to medication transport to the brain, since therapeutic efficacy may vary based on P-gp 

expression levels (Rathod et al., 2022). Overcoming these P-gp-related medication transport 

barriers is an ongoing topic of study. Strategies including  developing P-gp inhibitors, prodrugs, 

nanocarriers, and targeted delivery systems are being explored to enhance drug permeability 

across the BBB and circumvent P-gp-mediated efflux (Haimeur et al., 2002).  

The existence of the blood-cerebrospinal fluid barrier (BCFB), blood-brain barrier (BBB), and 

efflux transporters such as P-glycoprotein (P-gp) makes delivering medicines and antioxidants 

to particular sites in the brain difficult (Masoudi et al., 2020). Nanotechnology provides a 

versatile platform for designing and optimizing drug delivery systems to overcome the barriers 

in the brain (Parhi et al., 2012). By utilizing nanocarriers, surface modifications, targeting 

ligands, and other strategies, it becomes possible to enhance drug penetration, protect 

therapeutic agents from degradation, and increase their accumulation at the desired sites within 

the brain (Leslie et al., 2001). 

2.8 NANOTECHNOLOGY  

Nanotechnology is a novel and fast evolving technique with several potential applications. 

Nanoparticles are tiny particles typically ranging from 1 to 100 nanometres (Pardhi et al., 

2018). In recent years, nanomaterials including nanotubes, nanofibers, nanoparticles, and 

quantum dots have found widespread use in biomedical applications including  drug delivery, 

biological imaging, and biosensors (Boote et al., 2014). Nanoparticles can be used to 

encapsulate and deliver therapeutic drugs to specific target sites in the body, improving drug 

efficacy and reducing side effects (Sana et al., 2021).  

Nanoparticles can be engineered to carry therapeutic agents, such as drugs or biomolecules, to 

specific locations in the brain. These nanoparticles can cross the BBB, a protective barrier that 

prevents many substances from entering the brain, and deliver the drugs directly to the affected 

areas (Gour and Jain, 2019). Nanoparticles can be designed to provide neuroprotective effects. 

Additionally, nanoparticles can be used to deliver growth factors or other molecules that 

promote neuronal survival and regeneration, potentially slowing down disease progression 

(Ying et al., 2022). 
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2.9 GREEN SYNTHESIS OF NANOPARTICLES  

The generation of nanoparticles using ecologically friendly and sustainable technologies is 

referred to as green synthesis of nanoparticles. These approaches attempt to limit or eliminate 

the use of harmful chemicals and potentially dangerous procedures that are commonly 

connected with traditional nanoparticle manufacturing (Hussain et al., 2016). Green synthesis 

offers several advantages, including lower environmental impact, cost-effectiveness, and 

potential biocompatibility for biomedical applications. Some common approaches for the green 

fabrication of nanoparticles are plant fractions, microorganisms (fungi, and algae), bio-waste 

Materials (agricultural waste, food waste, and other bio-waste materials), solar irradiation, and 

green solvents (Qiao et al., 2022). Plant extracts, such as leaves, stems, roots, or fruits, are 

commonly used in green synthesis. These fractions contain natural chemicals such flavonoids, 

polyphenols, terpenoids, and proteins that can function as stabilising agents in the creation of 

NPs. The extract is mixed with metal precursors, and the reduction reaction occurs under mild 

conditions, leading to the formation of nanoparticles. Various plants, such as Aloe barbadensis 

miller, Camellia sinensis, Azadirachta indica, and Curcuma longa, have been used for 

nanoparticle synthesis (Jadoun et al., 2021). 

2..9.1 Mechanism of plant-based green synthesis of nanoparticles 

The selected plant material is thoroughly washed, dried, and finely ground. The ground plant 

material is then mixed with a suitable solvent, such as water, ethanol, or a combination of both, 

to obtain a plant extract (Hano and Abbasi, 2021). The plant fraction involves a variety of 

biologically active substances that function as reducing and stabilizing agents, including 

phenolics, flavonoids, alkaloids, and terpenoids. These compounds can effectively reduce 

metal ions present in a solution (usually metal salts) to their corresponding metallic form. The 

reduction process involves the transfer of electrons from the bioactive compounds to the metal 

ions, leading to their reduction and subsequent formation of nanoparticles (Sood and Chopra, 

2018). Once the reduction of metal ions occurs, nucleation takes place, where small clusters of 

metal atoms are formed. These clusters act as seeds for further growth and aggregation. X-ray 

diffraction (XRD), UV-Vis spectroscopy, TEM, and FTIR are used to determine the size, shape, 

crystallinity, and chemical composition of the synthesised nanoparticles.  

The nanoparticles can then be applied in various fields, including medicine, catalysis, 

agriculture, and environmental remediation (Anand et al., 2007). 
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The specific mechanisms involved in plant-based green synthesis can vary depending on the 

plant material, the bioactive compounds present, and the metal ions being used. Additionally, 

the optimization of synthesis parameters such as pH, temperature, and reaction time can also 

influence the synthesis process and the properties of the resulting nanoparticles (Andra et al., 

2019). 

2.9.2 Different types of plant-derived nanoparticles 

Plant-derived NPs can be synthesized using various plant materials and their extracts. The type 

of plant material and the bioactive compounds present determine the properties and 

applications of the resulting nanoparticles (Aljabali et al., 2022). The plant fraction involves a 

variety of biologically active substances that function as reducing and stabilizing agents. These 

compounds can effectively reduce metal ions present in a solution to their corresponding 

metallic form.  Here are some examples of plant-derived nanoparticles: 

(a) Silver nanoparticles (AgNPs): Silver nanoparticles fabricated from plant fractions 

have gained significant attention due to their antimicrobial properties. Plants such as 

Aloe barbadensis miller, Camellia sinensis, Azadirachta indica, and Allium cepa have 

been used for the green fabrication of AgNPs (Alharbi et al., 2022). 

(b) Gold nanoparticles (AuNPs): Gold nanoparticles derived from plant extracts exhibit 

unique optical properties and have applications in biomedicine, catalysis, and sensing. 

Plants such as Curcuma longa, Camellia sinensis, Vitis vinifera, and Rosa rubiginosa 

have been utilized for the fabrication of AuNPs (Ahmed et al., 2016). 

(c) Iron nanoparticles (FeNPs): Iron nanoparticles derived from plant extracts find 

applications in environmental remediation, water treatment, and magnetic devices. 

Plants such as Eucalyptus, Azadirachta indica, and Terminalia chebula have been used 

for the fabrication of FeNPs (Ebrahiminezhad et al., 2018). 

(d) Copper nanoparticles (CuNPs): Copper nanoparticles synthesized from plant extracts 

possess excellent antimicrobial, catalytic, and electrical conductivity properties. Plants 

such as Allium sativum, Camellia sinensis, and Vitis vinifera have been utilized for the 

green synthesis of CuNPs (Thiruvengadam et al., 2019). 

(e) Titanium dioxide nanoparticles (TiO2NPs): TiO2NPs are widely used in 

photocatalysis, solar cells, and environmental applications. Plant extracts from plants 

like Aloe barbadensis miller, Camellia sinensis, and Citrus limon have been employed 

for the synthesis of TiO2NPs (Sunny et al., 2022). 
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2.10 ZINC OXIDE NANOPARTICLES (ZnO-NPs) 

Zinc oxide (ZnO) is an II-VI semiconductor. 

It is an impermeable in water white solid 

powder (Król et al., 2017). Although zinc 

oxide occurs organically as the 

mineral Zincate, it is typically synthesized. Its 

crystal formations include cubic zinc mixture 

and hexagonal wurtzite (Jiang et al. 2018). 

Because of the presence of oxygen deficit 

and/or zinc interstitials, ZnO is an inherently 

n-type semiconductor (Figure 2.17). ZnO is 

widely recognised for its many features, 

including pyroelectricity, piezoelectricity, 

and semi conductivity (Fouda et al., 2018). 

It also has a relatively broad band gap and a 

significant excitonic binding energy of 60 meV, allowing it to be used in a variety of 

optoelectronic devices (Kavitha et al. 2023). 

ZnO nanoparticles (ZnO-NPs) are zinc and oxygen atom nanoparticles. Because of their tiny 

size and elevated surface area to volume ratio, they have particular physical, chemical, and 

optical characteristics. ZnO-NPs have grabbed the interest of numerous sectors due to their 

unique properties and potential applications (Manojkumar et al., 2023).  

2.10.1 Literature Survey on plant-derived ZnO-NPs 

A literature survey on plant-derived ZnO-NPs reveals a growing interest in utilizing natural 

sources to synthesize nanoparticles with various applications. Because of their rich 

phytochemical makeup, plant extracts provide a green and sustainable method to the production 

of nanoparticles, including ZnO-NPs (Kader et al., 2023). 

Ambujakshi et al. (2019) have found the anti-cancer activity of biosynthesized ZnO-NPs from 

Chonemorpha grandiflora extract, which demonstrated notable toxicity results. A-549, MCF-

7, and HCT-116 cell lines were used to investigate the in vitro cytotoxic properties of zinc-

oxide NPs. The phyto-synthesized ZnO-NPs had varying harmful effects on several cell lines; 

however, cell line toxicity is dependent on nanoparticle dose. The practicability tests 

additionally show that rising the quantity of nanoparticles extensively diminishes cell 

Figure 2.17: The tetrahedral coordination is 

depicted for both kinds of atoms in the ZnO 

wurtzite cell, with Zn in yellow and O in grey. 
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manageability; likewise, cell maintainability that kicked the bucket in the accompanying 

grouping was noted: MCF-7>HCT-116>A-549. Wahba et al. (2016) exhibited that ZnO NPs 

effectively corrected diabetes-incited pancreatic harm, as confirmed by underlying and 

ultrastructural improvement and biochemical standardization of serum insulin and blood 

glucose levels. Ali et al. (2016) green manufactured ZnO-NPs using Aloe barbadensis miller 

leaf broth fraction. When compared to chemically synthesised ZnO-NPs, their results 

demonstrated greater biocidal potential against a variety of illnesses. They also discovered that 

raising the particle dose, treatment time, and manufacturing procedure improved nanoparticle 

efficiency. According to a recent study, NPs containing zinc-II cation generate reactive oxygen 

species in cancerous cells, finally eliminating them. Disease cells die on because of zinc oxide-

based nanoparticles modifying histone methylation and prompting modified cell demise in 

them by making countless free extremists. Plant-based zinc oxide nanoparticles create higher 

hurtful impacts against HepG-2 cell line than ordinary cells like NIH-3T3, which was time and 

sum subordinate (Ehsan et al., 2022). Nagajyothi et al. (2021) detailed that ZnO-NPs were tried 

for cytotoxicity in ovarian (SKOV-3) and cervical (HeLa) malignant growth cell lines. The 

portion subordinate cytotoxicity was inspected by estimating cell reasonability, ROS creation, 

and adenosine triphosphate (ATP) levels following 48 hours of openness to ZnO NPs. The 2.0 

mg/mL ZnO-NPs showed higher anticancer adequacy against SKOV-3 and HeLa cell lines 

among the different portions of ZnO-NPs produced. Cell feasibility and ATP content were 

extensively diminished in a portion subordinate way, while ROS creation was essentially 

supported. Lipovsky et al. (2011) found a focus subordinate effect of ZnO-NPs on Candida 

albicans suitability. ZnO-NPs mind grouping of 0.1 mg/ml diminished the reasonability of C. 

albicans by over 95%. Energizing ZnO-NPs with apparent light helped yeast cell demise much 

more. In light of areas of strength for its capacities and epithelialization-animating effect of 

zinc, ZnO-NPs have likewise been utilized effectively in injury dressings (Lansdown et al., 

2007). 

Plant-determined ZnO-NPs have shown mitigating properties by repressing favorable to 

incendiary arbiters and cytokines, for example, IL-6, growth putrefaction factor-alpha (TNF-

α), and nitric oxide (NO), Plant-determined ZnO-NPs have been examined for their true 

capacity in treating diabetes, cardiovascular sicknesses, and skin problems (skin break out) 

however very little data is accessible to treat neurodegenerative illnesses including AD 

(Sumanth et al., 2020). 
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2.11 NANOPARTICLES FOR THE TREATMENT OF NEUROLOGICAL DISORDERS 

Engineered nanoparticles developed as medications for neurological diseases are referred to as 

neuronanomedicine. Nanotechnology creates nanoscale devices by engineering nanomaterials 

that communicate with biological processes at the level of the molecular (Ashraf et al., 2018). 

These nanotechnological products can be utilised to activate, respond to, and connect to target 

cells and tissues to accomplish an intended physiological response while minimising side 

effects. Some NPs have been designed to cross the BBB and target specific areas within cells 

(Barbu et al., 2009). Their research focuses on finding  extracellular or intracellular molecules, 

such as amyloid beta plaques in AD. Surface alteration of nanoparticles to make exceptionally 

certain particles would permit them to cross the BBB through adsorptive and receptor/carrier 

intervened transcytosis as depicted in Figure 2.18 (Migliore et al., 2015).  

Figure 2.18: Nanoparticles with focusing on properties are being utilized to treat mind 

infections. (a) NPs flowing in the circulation system, (b) should cross the BBB, (c) then restrict 

to target cells (neurons, astrocytes, oligodendrocytes, growth cells, microglia), and (d) once in 

a while target cell organelle (synaptic split, mitochondria), or (e) extracellular particles 

(amyloid beta plaques in Alzheimer's illness) (Jin et al., 2020).  



 

64 
 

The recognition of apolipoprotein E by particular BBB receptors increases lipoprotein transport 

to the brain. Apo E conjugation to albumin-NPs or liposomes, for example, might enable NPs 

to be detected and transmitted by particular BBB receptors. (Hawwary et al., 2022). 

The mechanism of plant-derived nanoparticles (NPs) for the therapy of neurological diseases 

involves several pathways and interactions within the CNS. Plant-derived NPs, such as ZnO 

NPs, often possess inherent antioxidant properties due to the existence of secondary 

metabolites (Heenatigala et al., 2019). These nanoparticles can scavenge free radicals and 

ROS in the brain, lowering oxidative damage, which has been linked to neurodegeneration. 

Plant-derived nanoparticles may help prevent or reduce the course of neurodegenerative 

disorders by shielding neurons from oxidative damage (Nazıroğlu et al., 2017). Plant-derived 

NPs exhibit anti-inflammatory effects, suppressing the generation of pro-inflammatory 

cytokines such as interleukin-1 and TNF-α. These NPs may ameliorate neuronal injury and 

neurodegeneration by lowering neurological inflammation (Jha et al., 2023). Neuroprotective 

effects of phyto-engineered NPs may be achieved through increasing the survival of neurons 

and stimulating neuronal development and diversification. These NPs have the ability to boost 

neurotrophic factors including BDNF. which are important for neuronal maintenance and 

development (Thukral et al., 2023). 

Green nanoparticles can also have an effect on neurological protection and the survival of cells 

signalling pathways including the PI3K/Akt and ERK/MAPK pathways. Some 

neurodegenerative disorders, such as AD, involve the abnormal accumulation of metal ions 

(e.g., copper, zinc) and protein aggregates (e.g., amyloid-beta) in the brain. Plant-derived NPs, 

including ZnO-NPs, can act as metal chelators, binding to metal ions and preventing their 

harmful interactions. Furthermore, these NPs may suppress amyloid-beta protein aggregation, 

lowering the development of harmful amyloid plaques associated to dementia (Sohail et al., 

2020). 

Plant-derived nanoparticles have the potential to be soothing by reducing pro-inflammatory 

chemicals such as cytokines and enzymes such as inducible  COX-2 and  iNOS. They have the 

potential to alter the immune response and decrease damage in the brain. They have the ability 

to boost neurotrophic factors like BDNF and NGF, which support neurological development 

and function. Furthermore, these nanoparticles may promote synaptogenesis (the development 

of new synapses) and neurogenesis (the growth of new neurons), both of which are necessary 

for neural repair and recovery.  Metal ion abnormal build-up, including iron, zinc, and copper 
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has been reported in neurodegenerative illnesses and leads to neuronal damage (Ullah et al., 

2022). Certain plant-based nanoparticles have metal chelating properties, which means they 

can bind to these metal ions and help maintain metal ion homeostasis in the brain (Nobahar et 

al., 2021). Plant-synthesized NPs can be engineered to possess properties that facilitate their 

transport across the BBB. Once in the brain, these NPs can deliver therapeutic agents, such as 

antioxidants, anti-inflammatory compounds, or neuroprotective drugs, directly to the affected 

regions (Shanmuganathan et al., 2019). The targeted delivery of drugs using green NPs may 

enhance their effectiveness while minimizing systemic side effects (Akintunde et al., 2021). 

It is important to note that the precise processes of plant-derived NPs in the treatment of 

neurodegenerative diseases may differ depending on the NP formulation, plant source, and 

disease model. More research is required to fully comprehend these pathways and maximise 

the use of plant-derived NPs for effective and safe neurodegenerative disease treatment. 

2.12 DRUGS IN CLINICAL TRIALS 

There are currently no effective or disease-modifying drugs for neurodegeneration. Amyloid 

beta aggregation, alpha synuclein accumulation, tau accumulation, neuroinflammation, 

cognitive decline, and the beginning of psychiatric and behavioural disorders are all 

biochemical and clinical phenomena that occur as neurodegeneration proceeds (Andrade et al., 

2023). Clinical studies to prevent these incidences are now being examined. Nutraceuticals are 

also being studied in clinical studies (Stanzione and Tropepi, 2011). 

 Since anti-amyloid studies have failed in recent years, researchers' focus has shifted to those 

who have positive diagnostic biomarkers at the prodromal or preclinical stage. Meanwhile, the 

amyloid theory has been called into doubt, and the number of anti-amyloid phase 3 studies has 

dropped in 2019. Phase 1 and phase 2 trials include a wide variety of aims, with a growing 

emphasis on neuroprotection and anti-neuroinflammation in phase 1 and phase 2 trials, 

respectively. Two or more drugs are typically required to successfully arrest the course of 

chronic progressive disorders (Chopade et al., 2022). Clinical trials are a dynamic process, and 

the success or failure of a drug in trials can influence its progression and availability for clinical 

use (Puopolo and Pocchiari, 2011). 

Anti-Aβ monoclonal antibodies and other medications, including nutraceuticals, are being 

tested in clinical studies, as mentioned in Table 2.3.
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Table 2.3: Drugs in clinical trials. 

S.No. Investigational 

drug/nutraceutical (Category) 

Mechanism of action Sponsor (Clinical trial end date)/References 

1. Gantenerumab (MA) Remove amyloid plaque in the brain Roche (November 2019) 

2. Cilostazol (Vasodilator) PDE3 antagonist National Cerebral & Cardiovascular Center, Japan 

(December 2020) 

3. Aducanumab [Monoclonal 

antibody (MA)] 

Remove amyloid plaque Biogen (April 2022) 

4. Deferipirone (Iron chelator) Reduces reactive oxygen species (ROS) that can 

harm neurons, making it neuroprotective. 

Neuroscience trials, Australia (December 2021) 

5. CNP520 (Amyloid vaccine) Reduces amyloid formation by inhibiting APP 

site cleavage. 

Axsome therapeutics (July 2024) 

6. Telmisartan (Angiotensin receptor 

blocker) 

Improve vascular functioning Sunnybrook Health Sciences Centre (March 2021) 

7. Crenezumab (MA) Remove amyloid plaque Roche/Genentech (July 2021) 

8. Methylphenidate 

(Neurotransmitter based) 

Improves clinical symptoms by inhibiting dopa- 

mine re-uptake. 

Johns Hopkins (August 2020) 

9. Solanezumab (MA) Remove amyloid plaque Eli Lilly (July 2022) 

10. Grape Seed Extract 

(Nutraceutical) 

Anti-Oligomerization Agent Mount Sinai AD Research Center (September 

2020) 

11. Icosapent ethyl (purified form of 

Omega 3 fatty acid EPA (Omega 3 

FA) 

Neuroprotective, affords protection from disease 

pathology 

University of Wisconsin (November 2021) 

12. Dronabinol (CB1 and CB2 

endocanna- binoids partial 

agonist) 

Improve agitation (neuropsychiatric symptoms 

in AD) 

John Hopkins University (December 2020) 
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2.13 DROSOPHILA MELANOGASTER AS A MODEL ORGANISM 

Drosophila melanogaster, frequently referred to as the fruit fly, is a tiny insect in the 

Drosophilidae family. It is one of the most intensively researched creatures in biological study, 

notably in genetics and developmental biology. Adult Drosophila flies are about 3-4 mm long 

and have a tan or light brown body with red eyes. They have a relatively short lifespan of about 

2-3 months. Under optimal conditions, they can complete their life cycle from egg to adult in 

about 10-14 days (Ong et al., 2015). 

Drosophila (Figure 2.19) has a 

relatively small genome size of 

approximately 180 million base 

pairs, with around 14,000 

protein-coding genes. The fly's 

genetic makeup shares many 

similarities with that of humans, 

making it a useful model 

organism for understanding 

human genetics and disease. One 

of the most notable breakthroughs was the identification of chromosomes as carriers of genetic 

information by Thomas Hunt Morgan in the early 1910s. This work laid the foundation for the 

field of genetics. The use of D. melanogaster in research has raised questions about the ethics 

of animal experimentation (Jeibmann and Paulus, 2009). However, its small size, short 

lifespan, and lack of complex emotions and cognitive abilities make it a less controversial 

choice compared to using higher organisms in scientific studies. Drosophila melanogaster and 

humans may seem quite different, but they share a surprising level of genetic similarity. 

Although the overall genetic makeup of the two species differs significantly, there are several 

key aspects of genetics that are conserved between them (Moloney et al., 2010). Many genes 

are shared between fruit flies and humans. It is estimated that about 60% of human disease-

related genes have functional counterparts in fruit flies. These include genes involved in 

essential cellular processes, including metabolism, signal transduction, and cell division. Fruit 

flies have served an important role in understanding the fundamental principles of 

developmental biology. Many key developmental genes and pathways discovered in 

Drosophila, such as the homeobox genes, have counterparts in humans and play similar roles 

in embryonic development as demonstrated in Figure 2.20 (Tue et al., 2020).   

Figure 2.19: Drosophila melanogaster 
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Figure 2.20: Drosophila HOM genes and human Hox genes have similar genomic organisation 

and colinear expression patterns. The Drosophila homeotic complex (HOM-C), the four human 

Hox edifices, and a potential familial homeotic complex are shown schematically, alongside 

their plausible phylogenic associations. A hued box addresses every gene. HOM/Hox gene  

articulation spaces are schematized in a fly and in the CNS and prevertebrae of a human baby 

(extrapolated from mouse information). To forestall bewilderment, the fractional cross-over of 

HOM quality records in the fly's thoracic and stomach fragments, as well as the covering 

articulation spaces of mammalian Hox qualities along the body pivot, are not addressed; in this 

way, each tone addresses the front most articulation area of a given subfamily. Lab, labial; pb, 

proboscipedia; Dfd, Disfigured; Scr, Sex brushes decreased; Ubx, Ultrabithorax; Antp, 

Antennapedia; abd-A, stomach A; Abd-B, stomach B (Horabin, 2013). 



 

69 
 

Many key developmental genes and pathways discovered in Drosophila, such as the homeobox 

genes, have counterparts in humans and play similar roles in embryonic development. Fruit 

flies can be genetically manipulated to model human diseases, including neurodegenerative 

diseases. By introducing human disease-associated genes or mutations into fruit flies, 

researchers can study the effects of these genetic changes on cellular and organismal 

phenotypes (Tickoo and Russell, 2002). Fruit fly models have provided valuable insights into 

the mechanisms underlying various human diseases. Despite the genetic differences between 

fruit flies and humans, there is functional conservation of certain genes and biological 

processes. For example, the basic components and mechanisms of cellular processes like DNA 

replication, transcription, and translation are similar in both species (Pandey and Nichols, 

2011). 

2.13.1 Life Cycle of Drosophila melanogaster 

Fruit flies are little and easy to control. A huge number of progenies may be easily produced 

for molecular, genetic, and biochemical research of human disorders (Nichols, 2006). The flies 

have a short generation time (10-12 days) from fertilised egg to mature adult and a life span 

(60-80 days) depending on culture conditions. Flies are normally cultured at 24±˚C to protect 

fly populations, unless exceptional circumstances exist that may affect the rate of growth (Gong 

et al., 2005). 

Its short life cycle and ease of breeding make it a great model organism for investigating 

numerous biological processes and genetics. Drosophila melanogaster has four life stages: egg, 

larva, pupa, and adult (Hales et al., 2015). 

Egg Stage: The female fruit fly lays eggs, which starts the life cycle. Females can deposit 

hundreds of eggs in their lives. The eggs are normally tiny, white, and elongated, averaging 

around 0.5 mm in length. They are frequently deposited on rotting fruit or other organic debris, 

which provides a good habitat for the growing larvae (Villella and Hall, 2008). 

Larva Stage: After around 24 hours, the eggs hatch into larvae, often known as maggots. The 

larvae are legless and go through three larval instar stages separated by moults. During this 

stage, they aggressively feed on the surrounding food, mostly the rotting fruit material on which 

they were set. The larval stage lasts around 4-6 days, depending on environmental 

circumstances (Nojima et al., 2014). 
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Pupa Stage: When the larval stage is finished, the third larval instar metamorphoses into the 

pupa stage. The larva next turns into a pupa, which is an immovable, dark-brown, oval-shaped 

structure. The fruit fly's tissues and organs undergo a stunning metamorphosis inside the pupa 

in order to mature into an adult. The pupal stage lasts around 4-6 days (Neville et al., 2014). 

Adult Stage: The pupa goes through eclosion, which is the process by which the adult fly 

emerges from the pupal case. The newly emerging adult seems light and fragile at first, but 

gradually hardens and darkens as its wings and body develop. The fruit fly reaches complete 

maturation within a few hours, and its wings become fully functional for flight. D. 

melanogaster's adult stage lasts for around 2-3 weeks (Yamamoto, 2008). 

 

Figure 2.21: The life cycle of the fruit fly depicts the phases of development from fertilised 

egg to adult. Fertilized eggs hatch after one day and can live in food for up to four days as first 

and second instar larvae. The third instar larvae crawl outside the food (days 4-5) and pupate 

on the vial's edge. Metamorphosis occurs at this phase (days 6-9), and the darkening of wings 

begins within the pupal case, indicating that maturation is imminent. Eclosion of adult flies 

began around days 10-12 in pupal cases (Bjedov et al., 2010). 



 

71 
 

The fly undergoes holome-tabolous metamorphosis, which means that its life cycle is divided 

into four stages: fertilised egg, larva (1st instar, 2nd instar, and 3rd instar), pupa (pre, early, and 

late), and adult flies. Following fertilisation, the embryogenesis process took 24 hours to 

complete, after which moulting activities began at each larval stage change (1st, 2nd, and 3rd 

instar) (Helfand and Rogina, 2003). The usual time period for the first two instars larvae is one 

day, whereas the third instar larvae takes two days. Thus, 5 days are required following egg 

fertilization to complete larval development. The larvae have 19 imaginal discs that are the 

result of tissue-specific progenitor cells. After that, the larva metamorphoses into a pupa with 

a hard and protective layer of chitin and stays in the pupal case for up to 4 days. Following that, 

the pupa develops into an adult fly and becomes sexually mature between 8 and 12 hours. 

Drosophila prothoracic gland secretes the steroid hormone ecdysone, which is necessary for 

metamorphosis (Ding et al., 2022). 

2.13.2 Third instar larvae of Drosophila melanogaster 

The 3rd instar larvae of D. melanogaster are the fruit fly's penultimate larval stage before 

transformation into a pupa. This is a vital time of growth and development for the larvae. 

Characteristics of third instar larvae are mentioned 

below: 

Size and Appearance: Third instar larvae are bigger 

than first and second instar larvae. They are around 3-4 

mm long and have a worm-like look. They have unique 

head, thoracic, and abdominal parts (Brandt et al., 

2013). 

Mouth Hooks: Third instar larvae have mouth hooks 

that they utilise to crawl and navigate around their 

surroundings (Grotewiel et al., 2005). 

Moulting: Moulting occurs before the third instar 

larvae enter the pupal stage, during which they lose 

their outer cuticle to suit their developing bodies. They 

undergo the wandering stage after moulting, during 

which they travel away from the food supply in search 

of a suitable site to pupate (Matthews et al., 2021). 

Pupation Preparation: Towards the end of the third 

instar, the larvae stop feeding and begin to look for a 

place to pupate. When they select a suitable location, 

they use their mouth hooks to anchor themselves and 

begin the pupation process (Thompson et al., 2021). 

Figure 2.22: Schematic represent-

ation of anatomy and development of 

third instar larvae of Drosophila 

melanogaster, showing glands, 

ducts, digestive system, etc. 
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The transition from third instar larva to pupa is an important stage in Drosophila 

melanogaster's life cycle (Boomgarden et al., 2019).  

2.13.3 Drosophila melanogaster as the model for neurodegeneration 

Drosophila shares a significant proportion of genes associated with neurodegeneration, making 

it a valuable model for studying these diseases (Lenz et al., 2013). Fruit flies can express 

disease-related proteins implicated in neurodegenerative disorders, including tau and β-

amyloid in AD, α-Syn in PD, and mutant huntingtin in HD (Chan et al., 2000). By expressing 

these proteins in specific tissues or neurons of fruit flies, researchers can study their effects on 

neuronal function and identify potential therapeutic targets. These models enable researchers 

to investigate the underlying mechanisms of disease progression and test potential 

interventions (Bolus et al., 2020). 

Fruit flies have a well-annotated genome and their genetic composition is widely understood, 

despite being far simpler than humans (Wit et al., 2013). Many of their genes are comparable 

to those present in humans, especially those linked to neurodegenerative disorders. This 

enables researchers to modify and examine particular genes implicated in various disorders, 

providing vital insights into disease processes. D. melanogaster have a very short life cycle, 

allowing researchers to analyse numerous generations in a short amount of time (Zwaan et al., 

1995). This is especially useful in neurodegenerative disease studies, where studying disease 

development and inheritance through generations is critical. Fruit flies offer a wide array of 

genetic tools and techniques that facilitate neurodegeneration research. For instance, 

researchers can use genetic manipulations, such as gene knockdown or overexpression, to 

modify specific genes of interest and study their effects on disease-related phenotypes. 

Additionally, techniques like RNA interference (RNAi) and CRISPR/Cas9 gene editing enable 

precise genetic modifications in Drosophila. Fruit flies exhibit a repertoire of behaviors that 

can be assessed to study neurodegenerative diseases (Hirth, 2010). Researchers can examine 

locomotor activity, learning and memory, olfactory responses, and circadian rhythms in fruit 

flies expressing disease-associated proteins or with genetic modifications (Luckinbill et 

al.,1984). These behavioral assays provide insights into the functional consequences of 

neurodegeneration and help identify potential therapeutic interventions. The relatively short 

lifespan and large number of offspring produced by fruit flies make them amenable to high-

throughput screening approaches (Sang and Jackson, 2005). This allows researchers to test a 

large number of compounds or genetic interventions rapidly, screening for potential therapeutic 

agents or modifiers of disease progression. By leveraging the major improvements of 
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Drosophila as a model organism, researchers have made significant contributions to our 

understanding of neurodegenerative diseases (Laturney and Billeter, 2014). The use of 

Drosophila melanogaster as a neurodegenerative model has greatly aided our knowledge of 

the molecular processes underlying these disorders (Sun et al., 2002). Fruit flies have helped 

uncover disease mechanisms, identify potential therapeutic targets, and screen for candidate 

drugs, ultimately aiding in the development of treatments for these debilitating conditions 

(Bilen and Bonini, 2005). Researchers may investigate the implications of these genetic 

alterations on fly behaviour, brain function, and general health by introducing human genes 

containing AD-associated mutations into fruit flies. Amyloid beta plaques and tau tangles are 

aberrant proteins that accumulate in the brain during AD. In Drosophila, these pathological 

traits may be mimicked by expressing human amyloid beta or tau proteins with disease-causing 

mutations. This allows researchers to look at how these protein aggregates arise and how they 

affect neuronal function (Huber et al., 2020). 

Altogether, the advancement of medicine and science has enabled a significant increase in 

global life expectancy. The growing proportion of the elderly will also result in a rise in the  

prevalence  of age-related disorders, particularly neurodegenerative disorders. The nervous 

system is plagued by over 600 disorders, and the burden of these neurodegenerative disorders 

is escalating inexorably. There is currently no complete therapy or cure for neurodegenerative 

disorders. However, commercially available medications for neurodegenerative illnesses 

merely alleviate symptoms and do not prevent the underlying neurodegeneration that is linked 

with long-term negative effects. As a result, effective medicines capable of halting the gradual 

loss of certain neuronal populations are needed. On the other hand, plant-based nanoparticles 

are generally considered safe and well-tolerated. They are biocompatible and can be engineered 

to specifically target affected areas in the brain, minimizing off-target effects and reducing the 

risk of adverse reactions. They can carry and deliver therapeutic molecules, such as small 

interfering RNA (siRNA) or neurotrophic factors, directly to the brain. Additionally, these 

nanoparticles could be engineered to cross the BBB, allowing efficient drug delivery to the 

CNS. While plant-based nanoparticles hold promise for neurodegenerative diseases, It should 

be noted that further study is required to fully understand their therapeutic potential, optimise 

their qualities, and assure their safety and efficacy in human studies. Hence, the present 

investigation has been designed to access the neuroprotective efficacy of phyto-synthesized 

ZnO nanoparticles against rotenone-induced neurodegeneration. 
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HYPOTHESIS                                                                                                    CHAPTER-3 

The term neurodegenerative diseases refers to a set of conditions that feature the gradual 

degradation of neurons in the nervous system and brain. These diseases have a significant 

impact on individuals' cognitive and motor functions, and their prevalence and incidence vary 

across different conditions and populations. The homeostasis among both antioxidants and 

oxidants regulates the redox status of cells. Any imbalance between these two that can result 

in necrosis or apoptosis determines the oxidative status of the cell. The key factor contributing 

to the increased oxidative stress sensitivity of brain cells is reactive oxygen species. Although 

oxygen (O2) is typically a non-reactive molecule, it can be metabolized to form oxidation 

products including hydroxyl radicals (OH-), superoxide anions (O2-), and several other reactive 

species in the body. It leads to dreaded conditions including neurological diseases. Cellular 

defence systems that include endogenous antioxidants including glutathione reductase, 

catalase, glutathione peroxidase, and superoxide dismutase contribute in detoxification. 

Significant cell biomolecules including lipid, protein, and DNA are damaged by the 

degradation of these defence mechanisms, which may lead to alteration in cell signalling 

pathways. Systemic administration of drugs to the CNS is a substantial obstacle, owing to their 

short half-life, considerable first-pass digestion, restricted accessibility to the brain, and 

potential adverse impact when accessing non-target peripheral organs. As a result, developing 

systemic delivery mechanisms with higher potency is critical for CNS pharmacotherapy. 

Cholinesterase (ChE) inhibitors, tacrine, N-methyl-D-aspartate (NMDA) agonists, levodopa, 

or other dopaminergic agonists have never been utilized in conventional medicine or 

therapeutics to alleviate anything apart from motor symptoms by replenishing 

neurotransmitters. However, prolonged use of these medications can have substantial side 

effects, including other motor challenges. There is excessive activation of receptors for the 

neurotransmitter glutamate, resulting in an influx of calcium ions into neurons. Some 

conventional medications may inadvertently disrupt the delicate balance of glutamate and 

contribute to excitotoxicity, leading to neuronal damage or death. To stop or reduce the 

progression of numerous neurodegenerative disorders, researchers must create new natural 

neuroprotective agents due to the inadequacy of treatment medicines. By activating the 

Nrf2/Akt/PI3K cascade and eliminating free radicals, nutraceuticals and other phytonutrients 

have been proven to have protective benefits and to reduce the consequences of 

neurodegenerative conditions. 
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The World Health Organization (WHO) estimates that 78% of people worldwide currently use 

phytomedicine as their primary source of treatment. The Ayurvedic medicinal system has long 

employed the plants UD (Urtica dioica), MC (Matricaria chamomilla), and MK (Murraya 

koenigii) as well-known nerve relaxants and cognition boosters. These three herbs include 

phytochemicals with proven protective properties, including quercetin, alkaloids, vitamins, and 

polyphenols. Delivering drugs and dietary antioxidants to specific targets in the brain poses 

several obstacles, primarily due to the existence of the BBB, and other physiological factors in 

treating oxidative stress-related disorders, particularly neurodegen-erative diseases. Novel 

approaches for the improved crossing of the BBB must be developed in order to progress in 

the effective therapies. The use of novel nanotechnology-based methods, such as nanoparticles 

as nanocarriers may cross  BBB and deliver the proper dosage of drug/medicine to the target 

brain region. Nanotechnology is a novel and fast evolving technique with several potential 

applications. It entails the fabrication and use of substances having one or more dimensions 

ranging from 1 to 100 nm. Using plant extracts from various plant species, many metals, 

including zinc oxide (ZnO), gold (Au) and many others, have been used in the biosynthesis of 

NPs. Zinc oxide high pharmacological qualities have enhanced its usage in healthcare 

applications such as antioxidant, antibacterial , and anticancer. Furthermore, zinc oxide, along 

with four other compounds of zinc, has been designated as generally recognised as safe 

(GRAS) compound by the US-FDA Food and Drug Administration. Even though UD, MC, and 

MK NPs have been utilized in various in vivo and in vitro research, there is currently less 

information available regarding the beneficial impact of these NPs on cellular and neurological 

issues.  

This work used the green method to fabricate ZnO-NPs from the UD, MC, and MK fractions. 

The phyto fabricated ZnO-NPs were analysed utilizing SEM, FT-IR, UV-vis, Zeta potential, 

X-ray technique, EDX, and DLS method. The well diffusion approach was employed to 

investigate the anti-microbial activities of biosynthesized ZnO-NPs against Staphylococcus 

aureus and Escherichia coli. Moreover, we aimed to explore the therapeutic potential of phyto-

fabricated ZnO-NPs against a commonly used neurotoxic organic pesticide rotenone in vivo in 

Drosophila (Oregon R+) at neuronal, organismal, cellular, and molecular levels for the first 

time. We also evaluated its behavioural parameters on Drosophila, which has previously been 

proved to be a valuable indicator for neurodegenerative pathologies. 
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AIM AND OBJECTIVES                                                                              CHAPTER-4 

AIM 

The overarching goal of this study is to investigate the potential neuroprotective effects of 

phyto-synthesized zinc oxide nanoparticles (ZnO-NPs) in a nontarget D. melanogaster model 

that has been exposed to rotenone, a neurotoxin. Specifically, the research aims to target and 

modulate the levels or activity of proteins associated with neurodegenerative diseases, 

including Amyloid-β, Tau, and α-Synuclein.  

OBJECTIVES 

1. Determination of active components in phyto-extract viz. Urtica dioica, Murraya 

koinegii, and Matricaria chamomilla and their characterization using analytical 

methods. 

2. Fabrication and characterization of green engineered zinc oxide (ZnO) nanoparticles 

using phytoextract of Urtica dioica, Murraya koinegii, and Matricaria chamomilla. 

3. Generation of neurodegenerative model Drosophila melanogaster through chemical 

induction via rotenone treatment and biological validation using biochemical, cellular 

and molecular approach as well as classical organismal assays. 

4. Assessment of modulatory effect(s) of green engineered ZnO nanoparticles on 

neurodegenerative model of Drosophila.  
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MATERIALS AND METHODS                                                                   CHAPTER-5 

5.1 CHEMICALS AND REAGENTS 

Acetylthiocholine iodide (C7H16INOS), Zinc nitrate hexahydrate (Zn(NO3)2·6H2O), 

butyrylthiocholine iodide (C9H20INOS), and rotenone (C23H22O6) were purchased from Sigma 

(Roeder-mark, Germany). Folin Ciocalteu’s reagent (C6H6O), propionic acid (C₃H₆O₂), trypan 

blue dye (C34H28N6O14S4), phosphate buffer saline (Cl2H3K2Na3O8P2) 1,-1-diphenyl-2-

picrylhydrazyl DPPH (C18H12N5O6), gallic acid (C7H6O5), rutin (C27H30O16), ABTS 

(C18H18N4O6S4), quercetin (C15H10O7), trichloroacetic acid (C2HCl3O2), ascorbic acid 

(C6H8O6), aluminum chloride hexahydrate (AlCl3·6H2O), sulfuric acid (H2SO4), ferric chloride 

(FeCl3), ethidium bromide (C21H20BrN3), ethanol (C₂H₆O), bovine serum albumin (BSA) 

(C8H21NOSi2), Ellman's reagent (C14H8N2O8S2), nutrient agar (C14H24O9), chloramphenicol 

(C11H12Cl2N2O5), potassium chloride (KCl), sodium benzoate (C7H5NaO2), Tris-HCl buffer 

(C4H13Cl2NO3) acetone (C3H6O), methanol (CH3OH), potassium persulphate (K2S2O8), and 

sodium carbonate (Na2CO3) were acquired from Hi-Media (Mumbai, India).  

The solvent used in HPLC testing was HPLC grade, while all other organic solvents and 

chemicals were analytical grade. The Ultraviolet Visible Spectrometer (Shimadzu UV-1601, 

Tokyo, Japan) was used for the colorimetric tests. Before use, all glassware was cleaned with 

deionized water and dried in the oven. To measure the fluorescent product, a microplate 

fluorometer (Fluoroskan Ascent system by Thermo Fisher Scientific) was used. To amplify the 

cDNA, the thermocycler (Applied Biosystems from Thermo Fisher Scientific) was used. The 

PCR product was performed on a gel electrophoresis device, and the Gel documentation system 

Model G5-0024 (Syngene, India) was used to capture/document DNA bands. 

5.2 PLANT MATERIALS USED IN THE STUDY 

Fresh Urtica dioica (UD) leaves were obtained from local apple orchards and kitchen gardens 

of Sopore (J&K, India), before the plants began to generate seeds. The Mediaroma Agro 

Company Ltd. (Kaskanj, UP, India) provided the Matricaria chamomilla (MC) flowers, while 

Murraya koenigii (MK) young leaves were acquired from Ayushya Vatika of the Lovely 

Professional University campus (Punjab, India). A taxonomist from the department of botany 

at the University of Jammu (Jammu, India) verified the identification and certification of the 

therapeutic plants. 
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Table 5.1: Scientific name and accession number of identified plants used in this study. 

S. No. Scientific Name Common Name Family Accession number 

1. Urtica dioica Nettle Urticaceae HBJU-17038 

2. Matricaria chamomilla Chamomile Asteraceae HBJU-17039 

3. Murraya koenigii Curry leaves Rutaceae HBJU-17040 

5.2.1 Drying, processing, and extraction of samples 

The collected plant leaves and flowers were washed under tap water and dried at room 

temperature for a week. After drying, to obtain fine particles, all dry plant components were 

crushed to a fine powder with a mechanical grinder and then sieved through a 40-micron sieve. 

A 10% aqueous extract was prepared using five grams (±0.05) of powdered sample in 50 ml 

deionized water and steeped at 95- 100°C for 10-15 min. Then, the fractions were filtered by 

using Whatman filter paper No. 1, and a 10% ethanolic extract was prepared using Soxhlet. 

Twenty grams (±0.05) of powdered plant samples were inserted into a Whatman 25 mm × 100 

mm celluloid thimble by adding 200 ml of ethanol as a solvent at boiling temperature (70°C). 

A dark green colored extract was obtained for UD and MK leaves, whereas the extract obtained 

from MC flowers was pale yellow. The extract was then evaporated to dryness using a vacuum 

rotatory evaporator at 70°C or less to remove the solvents. The crude extracts were weighed 

and kept in an airtight dark container at 4°C for future analysis (Markom et al., 2007). 

5.2.2 Determination of plant yield 

The percentage yield of UD, MC and MK samples was calculated using the following formula 

(Adams et al., 2019):  

 

where W2 (signifies the weight of the extract including the container), W1 (signifies the weight 

of the container itself), and W0 (signifies the weight of the initial dried sample). 

5.2.3 ANTIOXIDANT ASSAYS 

(a) Free radical-scavenging activity using DPPH assay 

Antioxidant potential was evaluated using the 1,-1-diphenyl-2-picrylhydrazyl (DPPH) test 

(Baliyan et al., 2022). A freshly prepared solution of DPPH (0.011 gm) was taken in 50 ml 



 

82 
 

methanol for spectrophotometric measurements. The DPPH solution was further diluted with 

methanol. The optical density (OD) was adjusted between 0.8 and 1, and different plant fraction 

concentrations were applied to every 2 ml of DPPH mixture. Absorbance was measured at 517 

nm using a Shimadzu UV-1601 spectrophotometer (Tokyo, Japan) after 30 minutes of 

incubation. Methanol was used as a blank, and DPPH was used as a control. Triplicate 

experiments were performed. Using the following equation, the radical scavenging activity was 

calculated as percent inhibition (1%) of the DPPH radical:  

DPPH inhibition (%) = [(Acontrol – Asample)/Acontrol] × 100 

where Asample is the absorbance of the plant extract sample and Acontrol is the absorbance of the 

DPPH solution as a control. 

(b) ABTS radical cation decolorization assay 

The 2, 2′-azinobis (3-ethylbenzothiazoline-6-sulfonic acid) radical cation decolorization 

experiment was also used to examine the ability of plant extracts to scavenge free radicals, 

which is based on antioxidants in plant extracts reducing ABTS radicals (Wołosiak et al., 2021). 

The radical cation formed when the ABTS stock solution (0.036 g in 10 ml methanol) was 

mixed with potassium persulfate (0.057 g in 10 ml methanol) in a 1:1 ratio. Then, the mixture 

was kept in the dark for 16 hours at room temperature. The ABTS solution was further diluted 

with methanol to achieve an optical density (OD) of 0.8-1. Extracts of varying strengths were 

added to each 2 ml of ABTS solution. All samples were measured at 745 nm after 30 minutes 

of incubation. The percentage of scavenging activity was calculated using the following 

equation: 

ABTS inhibition (%) = [(Acontrol – Asample)/Acontrol] × 100 

where Asample signifies the absorbance of the plant extract sample and Acontrol signifies the 

absorbance of the ABTS solution as a control. 

(c) EC50 (Dose-response relationship) 

An EC50 is a numerical analysis of the percentage of an antibody, drug, or poisonous chemicals 

that, after a certain amount of time, causes a reaction that is half as strong as the peak response. 

Data analysis for dose-response experiments and free radical scavenging qualities were 

performed by utilizing CompuSyn software to measure the potential of biosynthesized ZnO-
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NPs from UD, MC, and MK, as well as their extracts. Higher radical scavenging potential is 

predicted by lower EC50 values (Chen et al., 2013).  

5.2.4 DETERMINATION OF TOTAL PHENOLIC CONTENT (TPC) 

The total phenolic content of the plant extracts was measured by using Folin-Ciocalteu’s 

colorimetric method (Clarke et al., 2013). Each plant extract was mixed with 2.5 ml of Folin-

Ciocalteu’s reagent (1:10 v/v) and vortexed. After 5 min, 2.0 ml of sodium carbonate (7.5%) 

was added. Then, the solution was incubated for approximately 90 min at room temperature 

before taking the OD at 760 nm by using a UV/Vis spectrophotometer. The results are given in 

milligrams of gallic acid equivalents per gram of dry weight (mg GAE/g). Triplicates of each 

sample were analyzed.  

 

where 'C' indicates the total phenolic component content in (mg g-1) plant extract in GAE, 'c' 

indicates the gallic acid concentration (mg ml-1), 'V' indicates the volume of extract in 

microliters (µl) and 'm' indicates the weight of crude plant extract in grams.  

The correlation coefficient (R2) value was determined using the mean of three absorbance 

determinations for each concentration. The equation is shown below: 

 

where 'Y' signifies the extract’s absorbance, 'm' signifies the slope from the calibration curve, 

'x' signifies the extract’s concentration, and 'c' is the intercept. 

Concentrations of extracts were calculated using this regression equation. The phenolic content 

was estimated using the calculated value of each extract concentration. 

5.2.5 DETERMINATION OF TOTAL FLAVONOID CONTENT (TFC) 

Total flavonoids were quantified using the aluminum chloride colorimetric technique (Do et 

al., 2014). The plant extracts were mixed with 1.5 ml of methanol, 0.1 ml of (10%) aluminum 

chloride followed by 0.1 ml of potassium acetate (1 M), and finally 2.8 ml of deionized water. 

The reaction mixture was incubated for 40 min at room temperature, and the absorbance of the 

solution was obtained at 415 nm. Quercetin was used to create a calibration curve. The total 

flavonoid content was calculated in terms of quercetin equivalents (mg QE/g dry weight). 

Triplicate readings were taken for each plant sample. 
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where 'C' is the total phenolic content in mg g-1 plant extract in E, 'c' is the concentration of 

quercetin calculated from the calibration curve (mg/ml), 'V' is the volume of plant extract in µl 

and 'm' is the weight of crude plant extract in grams. 

The absorbance of each concentration of the extract was measured using the procedure 

described above. Then, using the calculations above, the total flavonoid content was 

determined. 

5.2.6 PRELIMINARY QUALITATIVE SCREENING OF PLANT EXTRACTS 

Bioactive compounds such as polyphenols, reducing sugars, alkaloids, terpenoids, glycosides, 

flavonoids, saponins, and amino acids are mostly responsible for curative capabilities such as 

menstruation problems, muscular spasms, anemia, ulcers, hemorrhoids, inflammation, and 

wound healing (Sreenivasulu and Fernie, 2022). The presence of phytochemicals is determined 

using conventional qualitative test methods, which are as follows: 

a) Detection of phenols (Ferric chloride test): In a test tube 2 ml of plant extract was 

treated with 2 ml of 5% ferric chloride aqueous solution. The presence of phenols was 

indicated by a deep blue_green solution (Sofowora, 1996). 

b) Detection of flavonoids (Alkaline reagent test): A few drops of NaOH (20%) solution 

were added to 2 ml of plant extract, which displayed a yellowish red color within a 

second and turned transparent with the addition of dilute HCl, displaying a positive 

result (Chomnawang et al., 2005). 

c) Detection of alkaloids (Wagner's test): To 4 ml of plant extract, 3 drops of Wagner's 

reagent were added. The appearance of a reddish-brown precipitate indicated a positive 

outcome (Chomnawang et al., 2005). 

d) Detection of tannins (FeCl3 solution test): By adding alcoholic ferric chloride (10%) 

solution into 2 ml of plant extract. The appearance of blue/green color suggested a 

positive outcome (Chomnawang et al., 2007). 

e) Detection of carbohydrates (Molisch's test): Three milliliters of extract and 3 ml of 

H2SO4 were placed in a test tube; a few drops of Molisch's reagent were added (conc.). 

Allowing 3 min to stand and the appearance of a red/dull violet tone at the interphase 

of the two layers showed a successful outcome (Sofowora, 1993).  
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f) Detection of saponins (Saponins foam test): Five milliliters of distilled water were 

mixed with 0.5 ml of plant extract. The presence of saponins is indicated by foaming 

(formation of creamy tiny bubbles) (Olugbenga et al., 2022). 

g) Detection of terpenoids (Salkowski test): Two milliliters of extract and a few drops of 

conc. H2SO4 was mixed with 1 ml of chloroform. The appearance of a reddish-brown 

precipitate indicated a positive outcome (Sofowora, 1993). 

h) Detection of steroids (Liebermann-Burchard test): Three milliliters of acetic 

anhydride were mixed with 5 ml of plant extract. Then, 2 ml of H2SO4 was added to it. 

The presence of steroids is indicated by a shift in color from violet to bluish green 

(Olugbenga et al., 2022). 

i) Detection of glycosides (Kellar-Kiliani test): One milliliter of glacial acetic acid was 

mixed with 2 ml of plant extract. Then, 1 ml of FeCl3 and 1 ml of (conc.) H2SO4 was 

mixed into it. The appearance of glycosides was confirmed with the solution's greenish-

blue color (Olugbenga et al., 2022). 

5.2.7 HPLC CHROMATOGRAPHIC ANALYSIS OF PLANTS 

A Shimadzu Prominence I LC2030 Plus HPLC system (Kyoto, Japan) equipped with a 

Shimadzu LC 2030 UV_VIS detector was used to separate natural compounds from crude 

extracts of UD, MC, and MK. The external standard technique was used to perform HPLC 

analysis under isocratic conditions. Before running in the column, the mobile phase was 

degassed and filtered through a membrane using methanol and 0.5% acetic acid in water (90:10 

v/v). ColumnC-18 (4.6 mm ×250 mm) with a 5 µm particle size was used and maintained at 

25°C temperature. Each injection volume was prepared at 20 µl and then injected into the 

HPLC. Samples were filtered using a 0.45 mm membrane filter (Millipore) before being put in 

vials, and a 1.0 ml/min flow rate was employed.  

Spectral information was analyzed in the 200-400 nm region, and chromatograms were 

detected at a wavelength of 280 nm. Using previous documents, the quantitative quantification 

of each bioactive component contained in the plant extracts was determined (Pinelli et al., 

2008; Miguel et al., 2015; Pandit et al., 2011). Peak identification was carried out by comparing 

the retention times of specific standards to the extract. The retention times of specific standards 

were compared to the extract to identify the peak. 

5.3 BIOSYNTHESIS OF ZnO NANOPARTICLES  
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In order to synthesize ZnO-NPs for the experiment, modified green synthesis technique was 

used from previous study (Elumalai et al., 2015). Aqueous plant extract (UD, MC, and MK) of 

25 ml was mixed with 0.3 mM of zinc nitrate hexahydrate (Zn(NO3)2.6H2O) solution by 

constant stirring. Then 2M NaOH was added to the mixture to keep pH 12. The mixture was 

kept for stirring at 65˚C for two hours on a magnetic stirrer. After stirring, the mixture was 

collected and heated overnight in an oven at the same temperature until a thick yellow paste 

was obtained. This paste was then thoroughly dried and calcined at 400˚C for 2 hours. 

Subsequently, the pale white powder of ZnO NPs was obtained and used for further 

characterization. Calcination eliminates impurities from the sample, yielding a pure form of 

the NP; the process is temperature-dependent.  

This procedure was performed again at temperatures of 55˚C and 75˚C, which were higher and 

lower than the operating temperature, respectively. At 55˚C, the reaction between 

Zn(NO3)2.6H2O and plant extracts did not occur, resulting in the creation of nano ZnO. In 

addition, because of the elevated temperature, when 75˚C was used as the operating 

temperature, it created ashes. At 65˚C , however, a yellow hue shift was seen with no 

deleterious consequences. Throughout the characterisation procedure, the sample was shown 

to be ZnO nanoparticles. As a consequence, temperature has a substantial influence on 

nanoparticle production. The light-yellow powder that resulted was used for structural, 

antioxidant, antibacterial, and in vivo research.  

5.3.1 Optimization of various physicochemical parameters for biosynthesis of ZnO-NPs  

Optimizing various physicochemical parameters for the biosynthesis of ZnO-NPs is important 

to control the size, shape, and properties of the nanoparticles. Here are some key parameters 

that was optimized during the biosynthesis process: 

(a) Effect of plant extract concentration:  

The concentration of the plant extract utilised in the synthesis process might impact the pace 

of reduction and subsequent nanoparticle production. Higher quantities of plant extracts may 

result in quicker reduction and nucleation, perhaps resulting in smaller nanoparticles. However, 

an extremely high concentration may cause aggregation or other unwanted effects. A 10% and 

20% plant extract (UD, MC, and MK) was used to synthesize ZnO-NPs (Yusof et al., 2022). 

(b) Effect of metal ion concentration: 



 

87 
 

The concentration of the zinc precursor, such as zinc nitrate influences the nucleation and 

growth of ZnO-NPs. Higher concentrations of the precursor may lead to the formation of larger 

nanoparticles. The metal ion concentrations were maintained at 0.1mM, 0.3mM, and 0.5mM. 

The quantity of leaves extract, temperature, pH, and incubation duration of the solution were 

all kept constant. The absorbance of the solution was measured at 300-500 nm (Asif et al., 

2021). 

(c) Effect of Temperature: 

The kinetics of nanoparticle production are influenced by the reaction temperature and time. 

Higher temperatures might speed up the reduction process, resulting in faster nanoparticle 

development. Excessive temperature, on the other hand, might cause unwanted agglomeration 

or instability. The temperature was maintained at 55˚C, 65 ˚C, and 75˚C. The absorbance of the 

solution was determined using the spectrophotometric technique. The metal ion concentrations, 

reaction duration, and pH of the reaction mixture were all kept constant (Yusof et al., 2022). 

(d) Effect of pH: 

The pH of the reaction mixture plays a crucial role in nanoparticle synthesis as it affects the 

stability of the plant extract and the following reduction process. Different pH levels can cause 

changes in nanoparticle size, shape, and crystallinity. Using 2M NaOH, the pH was kept at 8.0, 

10.0, and 12.0. The reaction mixture concentration, temperature, and reaction time were all 

kept constant. The absorbance of the solution was determined using the spectrophotometric 

method. The method was performed three times to optimise the pH (Asif et al., 2021). 

(e) Effect of Reaction time: 

The stability of the solution was measured at room temperature at intervals of 0.5, 1, 2, and 4 

hours to investigate the influence of reaction time on the synthesis of ZnO-NPs (Yusof et al., 

2022). 

5.3.2 Microscopy techniques for characterization of phyto- synthesized ZnO nanoparticles  

Microscopy techniques are an important tool for characterization which provides precise 

information about the shape, size, structure, composition, and spatial resolution of ZnO-NPs. 

The following techniques were used for the structural, morphological, and molecular 

identification of ZnO-NPs. 

(a) UV-visible spectroscopy 
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The optical properties of synthesised ZnO-NPs of UD, MC, and MK and their extracts were 

observed using absorption spectra of NPs. This is recorded with an Ultraviolet Visible 

Spectrometer (Shimadzu UV-1601, Tokyo, Japan) with a wavelength range of 200-800 nm. 

The surface plasmon resonance (SPR) was generated by the interaction of light and the mobile 

surface electrons of ZnO-NPs. Previous research has established the peaks at 289-385 nm as 

the SPR of ZnO-NPs. The SPR band of ZnO-NPs determines their morphological features. The 

volume of plant extracts and other reaction conditions could also produce a shift in the SPR 

bands of ZnO-NPs. UV-Vis spectra were measured in a quartz cuvette with a path length of 1 

cm at room temperature (Rajakumar et al., 2018). 

(b) Powder X-Ray Diffraction 

The X-ray diffraction (XRD) technique is recommended for determining the crystalline size, 

stress, and crystalline phase identification of Plant extracts and their synthesized ZnO-NPs 

(Abdelbaky et al., 2022). Analyses of XRD were carried out with a Bruker D8 Advance 

diffractometer using a Cu Kα1 radiation (λ = 1.54060Ǻ, 30 mA, 45 kV). The diffractograms 

were obtained at 2q in the 20˚-90˚ range, with step-size of 0.05˚ and scan period of 2 s per step. 

During XRD evaluation, synthesized ZnO-NPs of UD, MC, and MK were subjected to intense 

rays from the XRD machine, which penetrate through them and provided useful information 

about their structure. The nano size is indicated by the broadening of the XRD pattern. The 

average size of ZnO-NPs is estimated using Debye-Scherer's equation. 

d = k λ/βcos θ 

where, d denotes the size of ZnO-NPs in nanometres, k denotes the Scherrer constant (0.9), λ 

observed x-ray wavelength, β indicates whole width at half maximum of the diffraction peak, 

θ observed Bragg angle. Sharp peaks at lattice planes (100), (002), (101), (102), (110), (103), 

(112), and (202) have been reported to reflect the crystallinity and purity of ZnO-NPs. 

(c) Fourier transform infrared spectroscopy 

Fourier transform infrared spectrophotometry (FT-IR) is an effective technique for detecting 

functional groups, chemical bonds, and molecular structures in substances (Ismail et al., 2013). 

As depicted in the annotated spectrum, the absorbed wavelength of light indicates the chemical 

bond. The chemical bonds of a molecule can be determined by analysing the infrared 

absorption spectra. 
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To record the functional groups involved in the ZnO-NPs produced from UD, MC, and MK 

their extracts, FTIR- spectrophotometer Perkin-Elmer Spectrum 2 (ATR and Pellet accessories) 

was used. A 10 mg of ZnO-NPs sample was contained in 100 mg of KBr pellet to generate 

translucent sample discs. The ZnO-NPs from each plant material were then submitted to FT-IR 

spectrophotometer. At room temperature, the samples were analysed in the infrared band with 

a spectral range of 400 cm-1 to 4000 cm-1 with a resolution of 4 cm-1. 

(d) Zeta potentiometer 

The determination of zeta potential is a significant technique of nanocrystals for estimating 

surface charge in colloidal solution. Stability of synthesized ZnO-NPs of UD, MC, and MK 

was analyzed by using Particle size and Zeta potential analyzer (Malverrn Zeta sizer Nano 

ZS90). Due to electrostatic repulsion of individual particles, nanocrystals with a large positive 

or negative zeta potential imply good physical stability of NPs. A zeta potential value other 

than -30 mV to +30 mV is generally believed to have sufficient repulsive power to achieve 

superior physical colloidal stability (Clogston and Patri, 2011). 

(e) Dynamic light scattering analysis 

The particle size was calculated using the dynamic light scattering (DLS) technique with the 

Nano plus (Micromeritics, USA). The instrument can measure the particle size of samples 

suspended in liquids in the range of 0.1 nm to 12.2 m with sample suspension concentrations 

ranging from 0.00001 to 40%, and it has a sensitivity for molecular weight as low as 250 Da. 

The particle size (multimodal size distribution) was calculated by measuring the angles at 

which an incident light beam was scattered as a function of the colloidal particles' Brownian 

motion (Lim et al., 2013). 

(f) Scanning electron microscopy analysis 

The scanning electron microscope (SEM) is one of the most extensively used technique for 

characterisation of NPs. The signals produced by electron-sample interactions provide 

information about the sample, such as its surface morphology and chemical composition. The 

morphology of the synthesized ZnO-NPs of UD, MC, and MK was studied using a JEOL JSM-

7610F Plus with an Au Sputter Coater. The samples were coated with a thin layer of gold or 

gold-palladium alloy to prevent charging of the surface, to enhance the emission of secondary 

electrons so that the specimen conducts evenly, and to offer a homogeneous surface for 

investigation and imaging (Mandal et al., 2022). 



 

90 
 

(g) Energy-dispersive x-ray spectroscopy 

The presence of elemental zinc and oxygen was detected using an OXFORD EDS LN2. The 

samples were dried at room temperature before being tested for the composition of the 

generated ZnO-NPs. The EDX spectrum reveals the purity and composition of the UD, MC, 

and MK green synthesised ZnO-NPs. The EDX spectrum shows strong signals from the Zn 

element and light signals from the O, K, and Cu elements (Barzinjy et al., 2020). 

5.4 MICROORGANISMS AND FLY STRAIN  

A wild-type Drosophila melanogaster strain (Oregon R+ ) that was kindly gifted by Dr. Anurag 

Sharma, Senior Assistant Professor, NITTE (Deemed to be University), Mangalore, India, and 

maintained on a standard diet containing yeast, agar, maize flour, propionic acid, sodium 

benzoate, and sulfur-free sugar. The flies were cultured at 24±1˚C, 12-h light/dark cycle, and 

65-70% relative humidity (Singh et al., 2009). Escherichia coli and Staphylococcus aureus 

bacterial strains were cultured in sterile conditions at Lovely Professional University's 

laboratory (Phagwara, India). 

5.4.1 Antimicrobial assay 

The antibacterial activity of green engineered ZnO-NPs was evaluated against 

different bacteria, including Escherichia coli and Staphylococcus aureus. The bacteria were 

cultured on nutritional agar medium for 24 h at 37 °C. One colony of bacteria were selected 

and suspended in 5 mL of physiological Serum using a sterile inoculating loop. The turbidity 

of the bacterial isolates was adjusted to match McFarland criteria of 0.5. Inoculum tubes were 

swabbed with sterile swabs. By streaking the swabs across the Mueller Hinton agar plates, 

bacteria were inoculated. The well diffusion method was used for the antibacterial test. Each 

Petri plate had three wells (3 mm in diameter) that were filled with negative control (deionized 

water), positive control (chloramphenicol), and 100 µg of ZnO-NPs. The zone of inhibition on 

the plates was measured as a microbial species inhibition (Ifeanyichukwu et al., 2020). 

5.4.2 Optimized concentration of biosynthesized ZnO-NPs and rotenone exposure  

Preliminary tests were conducted with small numbers of Drosophila flies to see whether the 

treatment had any effect on the survival of the flies over the experimental period, testing several 

doses (0.01, 0.025, 0.05, and 0.1%) of biosynthesized ZnO-NPs of UD, MC, and MK. 

However, from the conclusive studies, only one concentration, 0.1% per unit of medium, was 

selected as the best concentration. Furthermore, the concentration of rotenone (500 µM) used 
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to assess the cellular and neuroprotective properties of UD-ZnO, MC-ZnO, and MK-ZnO NPs 

was selected based on our findings in Drosophila and those of other published reports (Akinade 

et al., 2022; Hosamani and Muralidhara, 2009; Kumar et al., 2022). 

5.4.3 Treatment and experimental groups 

D. melanogaster flies/third instar larvae were split into ten groups for the experiment. There 

were two control groups: Group I was fed standard Drosophila larval diet as a control, and 

Group II was administered food mixed with 0.1% DMSO as a vehicle control. Group III had 

ROT (500 M) alone; Group IV was ROT with UD-ZnO NPs (0.1%); Group V was ROT with 

MC-ZnO NPs (0.1%); and Group VI was ROT cotreated with MK-ZnO NPs (0.1%).  

Table 5.2: Schematic representation of treatment regime in in-vivo studies 

Groups Treatments 

Group I Control (Untreated) 

Group II DMSO as a vehicle control (0.1%) 

Group III Zinc nitrate alone (0.1%)         

Group IV ROT (500 µM) alone. 

Group V ROT(500 µM)  + UD Extract (0.1%)  

Group VI ROT (500 µM) + UD-ZnO NPs (0.1%)  

Group VII ROT (500 µM) + MC Extract (0.1%)  

Group VIII ROT (500 µM) + MC-ZnO NPs (0.1%)  

Group IX ROT (500 µM) + MK Extract (0.1%)  

Group X ROT (500 µM)  + MK-ZnO NPs (0.1%)  

*The symbols stand for DMSO (Dimethyl sulfoxide), ROT (Rotenone); UD (Urtica dioica 

extract); UD-ZnO (Urtica dioica synthesized zinc oxide nanoparticles); MC (Matricaria 

chamomilla extract); MC-ZnO  (Matricaria chamomilla synthesized zinc oxide nanoparticles), 

MK (Murraya koenigii extract); MK-ZnO (Murraya koenigii synthesized zinc oxide 

nanoparticles). 

Larvae were allowed to feed normally or with food that had been exposed to ROT or ROT+ZnO 

NPs of UD, MC, and MK for 24 and 48 hours, respectively. The flies were exposed for 120 

hours (5 days) and their climbing and jumping abilities were evaluated. We examined the 



 

92 
 

modulatory properties of biosynthesized ZnO nanoparticles on rotenone-induced mortality, 

acetylcholinesterase inhibition, locomotor dysfunctions, cellular and proteotoxicity. 

5.4.4 CELLULAR ASSAY 

5.4.1 Trypan Blue Dye Exclusion Assay 

Dye exclusion assay was used to  determine cell viability with minor modifications as described 

by Krebs and Feder (1997). This is a quick and simple method for differentiating between living 

and non-living cells in tissue. It is used to evaluate cell death in the whole larval body and gut. 

It is based on the membrane impermeability of blue dye, live cells have an intact cell 

membrane, trypan blue cannot pass through the cell membrane and enter the cytoplasm. At the 

end of treatment, 8-10 larvae were washed three times with 0.1 M phosphate buffer saline (pH 

7.4), then entire or dissected midguts of larvae were incubated in trypan blue solution (0.4%) 

for 15 minutes, followed by three washes with 0.1 M PBS. A stereomicroscope was used to 

examine the larvae; pictures were taken for trypan blue scoring and thoroughly scrutinised 

(Singh et al., 2010). 

5.4.5 NEUROCHEMICAL MARKERS 

(a) Preparation of D. melanogaster Brain Homogenates 

With slight modifications, the Drosophila brain homogenates were prepared as previously 

reported. To prepare 10% homogenate, the head of third instar larvae of Drosophila from the 

control (untreated/ normal), DMSO, zinc nitrate, ROT, and ROT with plant extracts (UD, MC, 

and MK) and their biosynthesized ZnO-NPs groups were dissected and homogenised in ice-

cold 0.1 M phosphate buffer (pH 7.4) containing 0.15 M KCl. After homogenization, the 

samples were centrifuged for 15 min at 10,000×g at 4˚C. The supernatant was then filtered 

through a nylon mesh sieve with particle sizes of 10 mm before being used for neurochemical 

markers (Hosamani and Muralidhara, 2009). 

(b) Acetylcholinesterase (AChE) Enzymatic Assay  

AchE activity was determined in Drosophila fly brain tissues using the method reported 

previously with slight changes (Ellman et al., 1961). In brief, a 10% homogenate of brains from 

control and treated flies was produced in 50 mmol L-1 Hepes buffer with protease inhibitor, 

followed by a 15-min centrifugation at 10,000×g. The test combination included tissue 

homogenate, phosphate buffer, 5,5-dithiobis(2-nitrobenzoic) acid (DTNB), and 
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acetylthiocholine iodide as the substrate. The breakdown of acetylthiocholine iodide was 

measured at 412 nm and the findings were represented as mol min-1 mg-1 protein. 

(c) Butyrylcholinesterase (BChE) Enzymatic Assay 

BChE activity was determined in Drosophila fly brain tissues using the method reported 

previously with slight changes (Ellman et al., 1961). In brief, a 10% homogenate of brains from 

control and treated flies was produced in 50 mmol L-1 Hepes buffer with protease inhibitor, 

followed by a 15-min centrifugation at 10,000×g. The test combination included tissue 

homogenate, phosphate buffer, 5,5-dithiobis(2-nitrobenzoic) acid (DTNB), and 

butyrylthiocholine iodide as the substrate. The breakdown of butyrylthiocholine iodide was 

measured at 412 nm and the findings were represented as mol min-1 mg-1 protein. 

5.4.6 BIOCHEMICAL ASSAYS 

(a) Homogenate Preparation 

To prepare 10% cytosol/homogenate, the tissue of third instar larvae of Drosophila from the 

control (untreated/ normal), DMSO, Zinc nitrate, ROT, and ROT with plant extracts (UD, MC, 

and MK) and biosynthesized ZnO-NPs groups were dissected and homogenised in ice-cold 0.1 

M phosphate buffer (pH 7.4) containing 0.15 M KCl. After homogenization, the samples were 

centrifuged for 15 min at 10,000×g at 4˚C. The supernatant was then filtered through a nylon 

mesh sieve with particle sizes of 10 mm before being used for various biochemical tests (Shabir 

et al., 2022). 

(b) Estimation of Catalase (CAT) activity 

The ability of the enzyme to split H2O2 within 1 min of incubation in the reaction mixture was 

used to calculate CAT activity (Deepashree et al., 2022). In a tube, 100 µL of 10% tissue 

homogenate, 400 µL distilled water, and 1.0 mL of 0.01 M phosphate buffer (pH 7.0) were 

mixed together. The reaction was begun by adding 0.5 mL of 0.2 M H2O2 and incubating it at 

37 C for 1 min. The reaction was halted by adding 2.0 mL of 3:1 acetic acid and 5% K2Cr2O7. 

This resulted in the immediate formation of blue per chromic acid precipitate.  

The reaction mixture was immediately placed over a boiling water bath (95-100ºC) for 15 min, 

resulting in the synthesis of chromic acetate with a stable green colour. The reaction mixture 

was allowed to cool before measuring the absorbance of the coloured result at 570 nm  against 
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a blank that included distilled water as a homogenate replacement. The activity was expressed 

in terms of µmoles H2O2 min-1 mg larval protein-1 . 

(c) Estimation of superoxide dismutase (SOD) activity 

SOD activity was evaluated in third instar larvae of Drosophila (n=3, 20 larvae/group) using a 

previously developed technique with slight modifications (Musachio et al., 2022). In brief, 20 

third instar larvae were homogenized in 0.5 mL of sodium phosphate (0.1 M) buffer containing 

0.15 M KCl (pH 7.4) and centrifuged for 10 minutes at 4°C at 10,000 rpm. At room 

temperature, 0.2 mL of NADH (780 µM) was added to 1 mL of 0.052 M sodium pyrophosphate 

buffer (pH 8), 0.3 mL of nitrobluetetrazolium, 0.1 mL of 186 µM phenazine methosulphate, 

200 µL of milliQ water, and 0.2 mL of supernatant from larval homogenate. 

 After 1 minute at room temperature, the reaction was halted by adding 1 mL of acetic acid, 

and the colour intensity of the chromogen was measured at 560 nm. Each sample was done in 

duplicate, and each dosage contained three food vials. The enzyme activity necessary to 

suppress chromogen formation by 50% at room temperature was represented by one unit of 

enzyme activity, and the final findings of three such tests were given in units/min. 

The SOD activity was calculated using the following formula:  

SOD activity = [(Ablank - Asample) / Ablank] x (dilution factor / reaction volume) 

Where, Ablank: Absorbance of the blank tube and Asample: Absorbance of the sample tube. 

(d) Estimation of lipid peroxidation (LPO) 

The method of Ohkawa et al. (1979) was used to test MDA content using tetraethoxypropane 

as an external standard. In a test tube, 25 µL of 10% tissue homogenate was mixed with 0.15 

mL of 10% sodium dodecyl sulphate (SDS), 825 µL of distilled water and the mixture was 

incubated at 24±1ºC for 5 min before the addition of 1.0 mL of 20% acetic acid solution (pH 

3.5). The reaction mixture was allowed to stand at 37˚C for 5 min before adding 1.0 mL of 

0.8% thiobarbituric acid (TBA) and heating it over a boiling water bath (95-100ºC) for 1 hour.  

The reaction mixture was cooled, the final amount of distilled water was increased to 4.0 mL, 

n-butanol (4.0 mL) was added, and the entire mixture was shaken vigorously. After centrifuging 

at 4000×g for 10 min at 24±1ºC, the organic layer was separated and transferred to a new tube. 

At 532 nm, absorbance was measured against n-butanol. The amount of lipid peroxide was 

quantified in terms of n moles MDA formed h-1 mg larval protein-1. 
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(e) Estimation of glutathione (GSH) content 

The GSH content was determined colorimetrically using Ellman's reagent (DTNB), as 

described by Jollow et al. (1974). The test was based on the formation of yellow colour when 

5, 5'-dithiobis (2-nitrobenzoic acid) (DTNB) was added to sulphydryl-containing compounds. 

The GSH content was determined colorimetrically using Ellman's reagent (DTNB) using the 

technique published by Jollow et al. (1974). In a 1:1 ratio, the supernatant was precipitated 

with 4% sulfosalicylic acid.  

The samples were stored at 4ºC for an hour before being centrifuged at 4500×g for 10 min at 

4ºC. The test mixture contained 550 µL of phosphate buffer (0.1 M), 100 µL of DTNB and 100 

µL of supernatant. The OD was measured at 412 nm and the findings were represented as moles 

of GSH/gram tissue. 

(f) Estimation of Protein Carbonyl (PC) content  

The protein content in the tissue  homogenate was approximately 1 mg/mL. About 2.5 mL of 

10 mM 2, 4-dinitrophenyl hydrazine (dissolved in 2.5 M HCl) was added to it, vortexed, and 

stored in the dark for 20 min. After that 125 µL of 50% (w/v) trichloroacetic acid (TCA) was 

added, properly mixed, and incubated at -20°C for 15 min. The tubes were then centrifuged at 

8000×g for 10 min at 4°C (Singh et al., 2010).  

(g) Protein Estimation Assay 

The total protein concentration in the midgut of D. melanogaster homogenate was measured 

using the Lowry et al. (1951) method with bovine serum albumin (BSA) as the reference 

protein. With Folin's reagent, the phenolic group of tyrosine and tryptophan residues in a 

protein generates a blue purple colour complex with greatest absorption in the 660 nm 

wavelength region. As a result, the intensity of colour relies on the number of aromatic amino 

acids present and consequently differs between proteins. 

To 0.5 ml of cytosol/homogenate sample, 500 µl of 10% TCA was added and centrifuged for 

10 min. The precipitate was dissolved in 1000 µl of 0.1 N sodium hydroxide. An aliquot of 

500 µl was removed from this, then 4.5 ml of alkaline copper reagent was added and left at 

room temperature for 10 min. After 20 minutes, 0.5 ml of Folin's phenol reagent was added, 

and the absorbance was measured at 640 nm. The values are given in milligrams per decilitre 

(mg/dl). 
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5.4.7 ORGANISMAL/BEHAVIORAL ASSAYS 

(a) Negative Geotaxis Assay (Climbing Assay) 

Anesthetized test flies were placed in a vertical glass column measuring 25 cm in standard 

length and 1.5 cm in diameter (Singh et al., 2022). The flies were gently tapped to the bottom 

of the column after a brief recuperation period. Flies that reached the top of the column and 

those that stayed at the bottom were counted separately after 1 minute.  

The data was reported as a percentage of flies that escaped beyond a minimum distance of 6 

cm every 60 seconds. For the experiment, twenty adults were employed each replication. The 

experiments were repeated three times, and the score for each replication was the average of 

three trials for each insect group, including the control. For each experiment, a performance 

index (PI) was calculated and presented as follows: 

1/2[(ntot + ntop − nbot)/ntot] 

(b) Memory assay 

This test was performed on the flies after raising them in the conditions that was utilized as a 

learning condition to perform memory assay (Ali et al., 2011). Take 10 flies in each vial in 

triplicate for the assay (total of 30 flies) in every group. Transfer the flies for half an hour in 

the food+dark and no-food + light conditions for eight hours. Flies were maintained in light 

after being provided the conditions. These constraints were imposed for three days. Flies were 

deprived for an hour on the fourth day before the analysis began. These constraints were 

imposed for a period of three days. Flies were deprived for an hour on the fourth day before 

beginning the analysis.  

After one hour, food will be placed on one side of the T-maze that is dark, and no food on the 

other side that is bright, and the number of times the fly will avoid or follow the taught 

circumstances will be recorded. The experiment was not performed immediately since learning 

was not assessed, but rather for memory conditions influenced by neurodegenerative disorders. 

Examine the number of flies that arrive at the T and go to the designated sides. For the 

remaining one minute, repeat the procedure 10 times with the same vial. Record the number of 

flies as the percentage of the total number of flies advances towards light and dark. The 

experiment was done 5 times separately. 

 



 

97 
 

(c) Jumping Assay  

The jumping activity was carried out to assess neuromuscular function. The rate of locomotor 

activity appears to influence the threshold for the jumping response. Newly emerged flies were 

transferred one at a time to a vial labelled 1-10 cm, and the distance jumped by the fly was 

measured from the bottom of the vial.  

The mean number of jumps across five replicates was used to calculate the jumping activity. 

There were 100 flies in each group, with five replicates in each group (Sharma et al., 2012). 

(d) Larval crawling Assay  

The larval crawling behaviour is a basic experiment for understanding the rhythmic behaviour 

of the larva and detecting any neurological abnormalities (Sood et al., 2019). Third instar larvae 

of Drosophila was used to record the crawling behaviour. In order to clear the cuticular dietary 

substances, larvae were rinsed in phosphate-buffered saline (PBS). 

The larvae were allowed to crawl on 2% agar plates prepared for the larval crawling 

experiment. A graph paper was placed beneath the plate to record the distance travelled by the 

larva. The larval trailing route was noted, and crawling speed was determined based on the 

time it took each larva to reach the agar plate's periphery. The speed was measured in 

millimetres per second on average. 

5.4.8 Eye imaging of D. melanogaster under Stereo microscope  

The control flies and the treated flies with ROT (500 µM) alone or in association with plant 

extracts (UD, MC, and MK) and their biosynthesized ZnO nanoparticles (UD-ZnO, MC-ZnO, 

and MK-ZnO) were examined for any changes in the appearance of the eyes. After treatment, 

adult flies were transferred  and kept on a petri plate over an ice pack . Once the flies are 

anesthetized, transferred them to a clean surface (microscope slide).  

This immobilizes the fly and allows for easy positioning under the microscope. Placed a drop 

of PBS on a microscope slide to create a wet mount. This will help keep the eyes hydrated and 

provide a clear view under the microscope. Captured images of the Drosophila eyes using an 

attached camera connected to the stereo microscope.  
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5.4.9 MOLECULAR PARAMETERS 

(a) RNA extraction for Reverse Transcriptase Polymerase Chain Reaction (RT-PCR) gene 

expression studies:  

Brain ganglia (50 mg) of third instar larvae of Oregon R+ were explanted in PSS and total RNA 

was extracted using 1 ml of RNA-XPress reagent (Hi-Media, India) and homogenized. The 

samples have been kept at room temperature for 5 minutes to allow the nucleoprotein 

complexes to completely dissociate. Following that, for each sample, 0.2 mL of chloroform 

was added. Incubated for 10 minutes at ambient temperature (15-20˚C), then centrifuged for 

15 minutes at 13,000xg at 4˚C. 

To precipitate RNA, the upper aqueous layer was moved to a new tube and 500 μL of isopropyl 

alcohol was added. Incubated at room temperature for 10 minutes after thoroughly mixing. 

Centrifuged at 13,000 x g for 10 minutes at 4˚C. RNA had been precipitated. The supernatant 

was discarded, and the RNA pellet was rinsed with 1 ml of 75% ethanol. Dry the RNA pellet 

by air-drying for 10 minutes. The pellet was resuspended in 50  μL of RNase-Free Water and 

kept at -80 C.  

(c) Complementary DNA (cDNA) synthesis: 

The fundamental procedure involves the catalytic conversion of an RNA template to a single 

stranded cDNA in the presence of primers (1 mg/ml) and dNTPs (5mM). A blend of oligo dT 

and random hexamers was used to prime the RNA template. Extracted RNA (2 g) was used in 

a total volume of 20 μL for cDNA synthesis, which included 4 μL of 5x reaction mix, 1 μL of 

reverse transcriptase, and the final volume was reached by adding RNase free water. The 

reverse transcription mixture was incubated for 5 minutes at 25˚C, 30 minutes at 42˚C , and 5 

minutes at 85 ˚C. 

(d) Polymerase chain reaction (PCR): 

PCR amplification was performed in a thermocycler (Applied Bio systems from Thermo Fisher 

Scientific) utilising primer pairs specific for inducible forms of APP, Tau, and α-Syn. Primers 

for APP, Tau, α-Syn, and GAPDH were reported in their respective papers (Kong et al., 2020; 

Abul et al., 2018). Table 3 shows the primer pairs derived from Puregene (Madhya Pradesh, 

India). 
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Table 5.3: List of the primers used for PCR. 

Target gene Primer sequences (5'→3') Amplicon size (bp) 

APP Forward: AACCGACTCCAGGATGACTATG  

Reverse: TCTGGGGTTCCATGTAAAAGC  

215 bp 

Tau Forward: TGGGGAACATTCCGTATGAGG 

Reverse: CAGAAGCCATAACCCTTGGG 

105 bp 

α-Syn Forward: TGTAGGCTCCAAAACCAAGG 

Reverse: TGTCAGGATCCACAGGCATA  

164 bp 

GAPDH Forward: TGGATTTGGACGCATTGGTC 

Reverse: TTTGCACTGGTACGTGTTGAT 

159 bp 

*APP (Amyloid precursor protein), Tau (Tubulin associated unit), α-Syn (Alpha-synuclein), 

GAPDH (Glyceraldehyde-3-phosphate dehydrogenase), and bp (Base pair). 

PCR reaction mixture (total 25 μL) consisted of 1×Taq buffer, 1.5 mM MgCl2,  0.20 mM 

dNTPs mixture, 0.40 μM each of forward and reverse primer, 1 U Taq DNA polymerase, milli-

Q water, and 2 μL cDNA. Optimized PCR conditions consisted of an initial cycle of 94˚C for 

3 min (denaturation), followed by 35 cycles (APP, TAU, α-Syn, and GAPDH) of 94˚C for 30 

s (denaturation), 58˚C for 30 s (annealing), 72˚C for 45 s (extension) and a final step at 70˚C 

for 5 min (termination). After PCR, the amplicons were separated on a 1% agarose gel 

containing ethidium bromide at 5 V/cm and visualized with a GEL DOC Imaging System 

Model  G5-0024 (Syngene, India). The size of the PCR product was determined by comparison 

to a DNA size marker. The intensity of the bands was quantified by the  ImageJ Software 

of  Bethesda, Maryland, USA. Each experiment was carried out with three biological replicates 

prepared from independent pools. 

5.5 Data analysis  

Each experiment was repeated three times, and the findings are reported as mean ± standard 

deviation (SD). CompuSyn software (version 1.0) was used to perform the EC50 analysis. The 

statistical analysis was carried out using SPSS software (version 18) and a one-way analysis of 

variance (ANOVA), followed by Tukey's honestly significant difference test. A p value of <0.05 

or less was used to determine significance. 
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RESULTS                                                                                                      CHAPTER-6 

The results of several assays and analyses used to determine the feasibility of UD, MC, and 

MK extracts against rotenone-induced lethality, locomotor dysfunctions, inhibition of 

acetylcholinesterase, cellular toxicity, proteotoxicity, and down expression of genes are 

presented in the subsections below.  

6.1 Percentage yield of plant extracts 

The results obtained show that the MK leaf extraction yield was higher than that of UD and 

MC when distilled water was used as the extracting solvent (Table 6.1). However, the yield of 

ethanolic extraction was again higher in MK, followed by MC and UD. The findings also 

revealed that the variation in the yield depends on the extraction solvent used. The variability 

in extract quantities from the extracted plant materials in this study could be related to the 

varying accessibility of extractable components caused by plant chemical composition. 

Table 6.1: Percentage yield of plant extracts using aqueous and ethanolic extraction methods. 

 

6.2 Antioxidant potential of UD, MC, and MK extracts through 2,2-diphenyl-1-

picrylhydrazyl and 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) methods 

The DPPH and ABTS assays are widely used methods to evaluate the antioxidant activity of 

plant extracts. These tests are based on the ability of antioxidants to scavenge free radicals and 

reduce their concentration, indicating their potential to protect against oxidative stress. 

The DPPH assay measures the ability of an antioxidant to donate an electron or hydrogen atom 

to the stable free radical DPPH, which results in the reduction of DPPH and a change in its 

color from purple to yellow. The intensity of color change is proportional to the antioxidant 

activity. The antioxidant potential of both aqueous and ethanolic extracts of UD, MC, and MK 

S. No. Plant species Code Plant part 

used 

Solvents (%) yield (w/w) 

Aqueous 

extracts 

Ethanolic 

extracts 

1. U. dioica UD Leaves 14.34 10.45 

2. M. chamomilla MC Flower 8.56 14.68 

3. M. koenigii MK Leaves 21.62 15.27 
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was measured using a free radical DPPH assay. As shown in Figures 1(a,c), MK had the 

highest DPPH radical scavenging activity in both aqueous and ethanolic extracts, followed by 

UD and MC, which had the lowest scavenging activity. When compared to aqueous extracts, 

ethanolic extracts of all three plants revealed the strongest scavenging efficacy. 

Figure 6.1: The effect of different concentrations of individual aqueous (a and b) and ethanolic 

extracts (c and d) of U. dioica (UD), M. chamomilla (MC), and M. koinegii (MK) in the DPPH 

(a and c) and ABTS (b and d) free radical scavenging test. Data are shown as the mean ± SD 

for n = 3. Statistically significance is ascribed as *P<0.05 (intra group) and #P<0.05 (inter 

group) compared with 0.5 mg/ml and 0.1 mg/ml of the respective groups.  

The ABTS assay measures the scavenging activity of antioxidants against the ABTS radical 

cation. In this test, the ABTS radical is generated by the reaction between ABTS and a specific 

oxidizing agent. The reduction of ABTS+ by antioxidants results in a decrease in the 

absorbance, indicating their antioxidant capacity. The ABTS radical scavenging activity of 

different extracts with different extraction solvents (aqueous and ethanol, Figure 1(b,d)) was 
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found to be higher in MK, followed by UD and MC. This result suggests that MK has higher 

efficacy in scavenging free radicals along with the antiradical and antioxidant activity.  

6.3 EC50 (half maximal effective concentration) prediction  

The EC50, also known as the half-maximal effective concentration, is a measure of the 

concentration of a compound or substance required to achieve a response that is halfway 

between the baseline (control) and the maximum response. The EC50 value is commonly used 

in pharmacology and toxicology to assess the potency or efficacy of a compound. In dose-

response curves, the EC50 value represents the concentration at which the compound produces 

50% of its maximal effect. It provides an indication of the compound's potency, as a lower EC50 

value indicates a higher potency (i.e., a lower concentration is needed to achieve the desired 

effect). The EC50 can be calculated by interpolating data from a suitable curve or by performing 

a nonlinear regression of the data using different components.  

Figure 6.2: Dose-response profile of the estimated EC50 (mg/ml) of aqueous (a and c) and 

ethanolic (b and d) extracts of U. dioica (UD), M. chamomilla (MC), and M. koenigii (MK) in 

the DPPH (a and b) and ABTS (c and d) assays.  
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The leaves of MK were found to have higher antioxidant capacity due to the existence of greater 

total phenolic and flavonoid contents, with EC50 values of 0.33 mg/ml and 0.10 mg/ml for 

aqueous and ethanolic extraction of DPPH scavenging and 0.51 mg/ml and 0.07 mg/ml for 

aqueous and ethanolic extraction of ABTS radicals, respectively, than UD leaves and MC 

flowers (Figure 6.2). 

6.4 Phenolic and flavonoid potential of UD, MC, and MK extracts 

TPC Total Phenolic Content and TFC Total Flavonoid Content are commonly used assays to 

determine the concentration of phenolic compounds and flavonoids, respectively, in plant 

extracts. These assays provided the valuable information about the antioxidant and potential 

health-promoting properties of plant materials. Individual aqueous and ethanolic extracts of 

UD, MC, and MK were quantified for total phenolic and flavonoid content.  

The TPC assay measures the overall concentration of phenolic compounds in a plant extract 

and calculated on the basis of gallic acid standard curve. In terms of aqueous extracts, MK 

(35.14 mg (GAE)/g) was found to be highest, followed by UD (26.08 mg (GAE)/g) and lowest 

in MC (24.01 mg (GAE)/g). The trend was the same in the case of ethanolic extracts: MK 

(48.93 mg (GAE)/g) followed by UD (42.93 mg (GAE)/g) and lowest in MC (40.5 mg 

(GAE)/g), as shown in Figure 6.3. 

Figure 6.3: Total phenolic (a) and flavonoid (b) contents of aqueous and ethanolic fractions of 

U. dioica, M. chamomilla and M. koenigii. Data are shown as the mean ± SD for n = 3. 

Statistical significance is ascribed as *P<0.05 (intra group) and #P<0.05 (inter group) of the 

respective groups. 
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The TFC assay measures the overall concentration of flavonoids in a plant extract and 

calculated on the basis of quercetin standard curve. It was highest in MK leaves (9.64 mg 

(QE)/g), followed by MC flowers (5.46 mg (QE)/g) and lowest in UD leaves (5.45 mg (QE)/g) 

in the case of aqueous extracts, and the trend was the same in the case of ethanolic extracts: 

MK (22.88 mg (GAE)/g) followed by MC (12.64 mg (GAE)/g) and lowest in UD (12.48 mg 

(GAE)/g), as shown in Figure 3.  

The amount of total phenolic and flavonoid in the aqueous fractions of UD, MC, and MK was 

lower than that of ethanolic extracts. This might be due to the aqueous solvent and extraction 

process employed. It was also shown that the solvent employed for extraction might be to 

blame for the quantity of phenolic content in the extract. MK had the highest TPC and TFC 

levels than UD and MC in both aqueous and ethanolic extracts. The presence of hydroxyl 

groups in phenols allows them to scavenge free radicals, proving that they are the most essential 

phytochemicals. 

6.5 The correlation study between total phenolic or flavonoid content and EC50 of 

antioxidant activity of plant extracts 

Phenolic compounds and flavonoids are known to possess antioxidant properties and play a 

significant role in scavenging free radicals and reducing oxidative stress. A correlation between 

phenolic and flavonoid with EC50 of antioxidant assays (DPPH and ABTS) was expressed with 

Pearson’s correlation coefficient (r). This study revealed that, MK extract demonstrated a 

strong positive correlation coefficient between phenolic and flavonoid with EC50 of antioxidant 

assays (DPPH and ABTS). UD extract also showed a high positive correlation coefficient 

between phenolic and flavonoid with EC50 of antioxidant assays (DPPH and ABTS). MC 

extract revealed a moderate correlation coefficient between phenolic and flavonoid with EC50 

of antioxidant assays (DPPH and ABTS).  

The coefficient correlation between antioxidant capacity and flavonoid as well as phenolic 

concentrations were incredibly high in all extracts (aqueous and ethanolic). As a result, the 

flavonoid as well as phenolic components of plants considerably contribute to their antioxidant 

properties. A strong positive correlation was observed between EC50 values and phenolic 

content of plant extracts (Table 6.2). It implies that higher amounts of phenolic or flavonoid 

chemicals are related with enhanced antioxidant activity. This finding suggest that the plant 

extract has the potential to provide enhanced protection against oxidative damage.  
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Table 6.2: Evaluation of the coefficient of correlation between antioxidant potential and total 

phenolic/flavonoid content in plant extracts. 

"Symbol stands for DPPH (2,2-diphenyl-1-picrylhydrazyl), ABTS [(2,2'-azino-bis(3-

ethylbenzothiazoline-6-sulphonic acid)], TPC (Total Phenolic Content), TFC (Total Flavonoid 

Content). Values between 0.90-1.00 (strongly positive corelation); 0.70-0.90 (high positive correlation); 

0.50-0.70 (moderate correlation); 0.30-0.50 (low correlation) and 0.00-0.30 (negligible correlation)" 

(Hinkle et al., 2003). 

6.6 Preliminary qualitative screening analysis of plant extracts 

Preliminary qualitative screening analysis of plant extracts involves a set of simple tests or 

assays to gain initial insights into the presence or absence of certain chemical constituents or 

bioactive compounds. Phytochemicals are chemical molecules produced by plants as a result 

of their normal metabolic activities. These substances are referred to as secondary metabolites. 

Phytoconstituents such as amino acids, polyphenols, reducing sugars, alkaloids, terpenoids, 

glycosides, carbohydrates, and saponins are mostly responsible for curative capabilities such 

as menstruation problems, muscular spasms, anemia, ulcers, hemorrhoids, inflammation, and 

wound healing. To confirm the existence of phytoconstituent substances, a phytochemical 

screening study was performed on the crude extracts of UD, MC, and MK along with 

appropriate chemical tests.  

The presence of bioactive phytochemical substances such as phenols, flavonoids, alkaloids, 

tannins, carbohydrates, saponins, terpenoids, steroids, and glycosides are represented in Table 

6.3. 

Assays Plant species R2  Value 

(TPC) 

Type of 

Correlation 

R2  Value (TFC) Type of 

Correlation 

DPPH U. dioica 0.890 High 0.878 High 

(Aqueous) M. chamomilla 0.619 Moderate 0.819 High 

 M. koenigii 0.937 Strong 0.949 Strong 

DPPH U. dioica 0.918 Strong 0.981 Strong 

(Ethanolic) M. chamomilla 0.787 High 0.830 High 

 M. koenigii 0.967 Strong 0.954 Strong 

ABTS U. dioica 0.837 High 0.772 High 

(Aqueous) M. chamomilla 0.633 Moderate 0.633 Moderate 

 M. koenigii 0.962 Strong 0.919 Strong 

ABTS U. dioica 0.914 Strong 0.971 Strong 

(Ethanolic) M. chamomilla 0.705 High 0.794 High 

 M. koenigii 0.999 Strong 0.859 High 
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Table 6.3: Preliminary qualitative screening of secondary metabolites of crude extracts of UD, 

MC, and MK. 

S. No. Phytoconstituents Tests Positive results UD MC MK 

1. Phenols Ferric chloride 

test 

Bluish-green color + + + 

2. Flavonoids Alkaline reagent 

test 

Orange_red + + + 

3. Alkaloids Wagner's test Red precipitate + + + 

4. Tannins FeCl3 test Coloring black blue + + + 

5. Carbohydrates Molisch's test Red or dull violet 

color 

+ - + 

6. Saponins Foam test White precipitates + + + 

7. Terpenoids Salkowski test Change color pink 

to violet 

+ + + 

8. Steroids Liebermann’s test Violet to bluish-

green color 

+ + + 

9. Glycosides Keller-Killiani 

test 

Coloring brick red - + + 

Note: The presence of phytoconstituents is indicated by a '+' sign, whereas the lack of phyto-

constituents is indicated by '-'. 

6.7 UV_Visible analysis of plant extracts 

Spectral data were observed in the range of 200-800 with intervals of 1 nm and showed 

maximum absorption at 284 and 321 nm in the case of UD, 267 and 326 nm for MC, and 286 

and 317 nm for MK (Figure 6.4). With increasing concentration, the absorption increased. This 

technique showed the quantitative analysis of UD, MC, and MK concerned with the absorption 

of radiation in the ultraviolet and visible spectra. This radiation enables electrons in atoms or 

molecules to shift from lower to higher energy levels. Under regulated conditions, the amount 

of radiation absorbed is proportional to the intensity of chemicals in the plant extracts was 

observed. Spectral analysis showed peaks in crude extracts of UD, MC, and MK indicating the 

presence of a variety of ingredients/chemicals and particularly providing information about 

unsaturated bonds in conjugated or aromatic components. For example, various pigments, such 

as chlorophylls and carotenoids, present in plant extracts may exhibit distinctive absorption 

peaks in the visible region of the spectrum. 
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Figure 6.4: UV-Visible spectra of U. dioica (a), M. chamomilla (b), and M. koenigii (c) 

fractions. Red arrows represent the peak of extract (conjugated or chemical bonds). 
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6.8 Fourier Transform Infrared Spectrophotometer (FTIR) 

The functional groups of bioactive components present in plant extracts of UD, MC, and MK 

were identified using the FT-IR spectra depending on peak values in the IR radiation area. 

When the extract was run through FTIR, the functional groups of the constituents were 

segregated based on the ratio of their peaks. The existence of alkanes, amino acids, aldehydes, 

phenols, secondary alcohols, aromatic amines, ketones, and halogen compounds was verified 

by FTIR analysis (Figure 6.5).  

In the ethanolic extracts of UD, MC, and MK, the wideband between 3500 cm-1 and 3200 cm-

1 was assigned to an O-H (stretch), indicating that hydroxyl and phenolic groups are present. 

These groups can be found in cellulose, hemicellulose, and lignin structures. These groups are 

related to the extract's hydroxylated compounds (polyphenols) as well as the plant extract's 

moisture content. A minor intensity peak in the region of 2950-2960 cm-1 shows an O–H 

(stretch), which may suggest the existence of amide groups and alcohols as well as C–H 

vibrations of the CH3 group. In the area of 1650-1600 cm-1, an acceptable N=O (stretch) 

vibration is recorded. Furthermore, weak peaks in this area should suggest the existence of 

C=C (stretch). Nevertheless, the existence of carbonyl groups may be indicated by absorption 

C=C (stretch). Nevertheless, the existence of carbonyl groups may be indicated by absorption 

vibration in this region. A doublet band is seen in the fingerprint area between 1455 cm-1 and 

1370 cm-1 indicating the C-H (bending) vibration of the methyl group (–CH3) molecule. 

Furthermore, a broad peak was found between 1100 cm-1 and 1000 cm-1, showing the presence 

of alcohol groups within the compound structure. This is most likely due to an alkoxy C–O 

(stretching) vibration. In addition, the UD, MC, and MK fractions showed aromatic C–H bonds 

between 720 and 620 cm-1 in the infra-red spectrum (Table 6.4).  

The FTIR analysis of plant extracts revealed information on the plant's chemical constituents, 

such as organic compounds, functional groups, and other biomolecules. Carbohydrates, such 

as hemicellulose, cellulose, and different sugars, are present. Carbohydrates usually have 

distinct absorption bands in the fingerprint area (1500-500 cm-1). Plant extracts include 

proteins, which may be identified in the mid-infrared area via amide bands. Amide I (C=O 

stretching) and Amide II (N-H bending) bands are frequently found in protein FTIR spectra. 

The distinctive absorption bands of lipids contained in plant extracts, such as fatty acids and 

triglycerides, are 3000-2800 cm-1 (stretching vibrations of C-H bonds) and about 1740 cm-1 

(C=O stretching). 
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Figure 6.5: The FT-IR absorption spectrum of UD (a), MC (b), and MK (c) extracts with a 

scan range of 400-4000 cm-1. 
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Table 6.4: FT-IR frequency range and functional groups present in the extracts of UD, MC, 

and MK. 

Note: The absence of energy bands is indicated by '-'. 

Finally, the results revealed that the chemical structures of UD, MC, and MK are extremely 

polar (lignin (+)-neoolivil, 3,4-divanillyltetrahydrofuran, isolariciresinol, pinoresinol, and (-)-

secoisolariciresinol), which stimulates the proliferation of human lymphocytes and has anti-

inflammatory effects, as evidenced by the presence of wide peaks within the spectra. 

6.9 High performance liquid chromatography (HPLC) 

The external standard technique was used to perform HPLC experiments under isocratic 

conditions. The ethanolic extracts of UD, MC, and MK were analyzed directly on the total 

extracts without any manipulation. The retention time of the chromatographic peaks of plant 

extracts were compared to those of reference standards (rutin and quercetin), and DAD spectra 

(200–400 nm) to analyze them (Figure 6.6). The findings of this study revealed the presence 

of 25 compounds (Table 6.5) in the ethanolic extracts of UD, MC, and MK, including 

quercetin, coumaric acid, chlorogenic acid, gallic acid, apigenin, myricetin, ferulic acid, 

fumaric acid, rutin, isorhamnetin, kaempferol, etc.  

S. no. Frequency range (cm-1) Functional groups Phytocompounds 

identified 
UD MC MK 

1. 3358.28 3327.40 3307.88 H-bonded, OH stretching Hydroxyl compounds 

2. 2923.25 2921.90 2974.04 Asymmetric stretching 

–CH(CH2) vibration 

Saturated aliphatic 

Compound (Lipids) 

3. 2853.54 2802.86 2804.74 Symmetric stretching 

–CH2(CH2) vibration 

Proteins, lipids 

4. 1698.70, 

1622.77 

1601.79 1611.44 C=O stretching vibration Ketone compound 

5. 1455.85 1404.99 - C=C-C Aromatic ring 

stretching 

Aromatic compound 

6. 1399.89 - 1396.51 

 

O-H, alcoholic group 

 

Phenol or tertiary 

alcohol 

7. - 1271.82 

 

1275.04 

 

CN stretching Aromatic primary 

amine 

8. 1160.88 1174.09 

 

1140.63 

 

Polymeric OH, C-O 

stretching 

Cyclic ether 

9. 1055.84 1074.42, 

1043.61 

1044.62 

 

Phosphate ion Phosphate compound 

10. - - 877.47 P-O-C stretching Aromatic phosphate 

11. 720.06 620.82 659.68 C-Cl stretching Aliphatic chloro 

compound 
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In the ethanolic extract of UD, three classes of phenols were characterized: anthocyanin 

compounds (rosinidin 3-O-rutinoside; peonidin 3-O-rutinoside and peonidin 3-O-(6′-O-p-

coumaroyl glucoside), hydroxycinnamic acid derivatives (p-coumaric acid; chlorogenic acid; 

caffeoylquinic acid; 2-O-caffeoylmalic acid), and flavonoids (rutin; isorhamnetin 3-O-

rutinoside; kaempferol 3-O-glucoside; quercetin; p-coumaroyl glucoside; kaempferol 3-O-

rutinoside and quercetin 3-O-glucoside) were observed. 

Figure 6.6: HPLC profiles acquired at 280 nm of standard rutin and quercetin (a) and ethanolic 

extracts obtained from U. dioica leaves (b), M. chamomilla flowers (c), and M. koenigii leaves 

(d) sowing different bioactive compounds. 

The polyphenolic compounds found in the ethanolic fractions of MC flowers were identified 

as an essential constituents such as quercetin (quercetin-7-O-β-glucoside; quercetin-3-O-β-

rutinoside and quercetin-3-O-β-galactoside), apigenin (apigenin-7-O-7-glucoside; apigenin-7-

O-apiosyl-glucoside and apigenin-7-O-glucosyl-6'-acetate), luteolin (luteolin-7-O-β-

glucoside; luteolin-4'-O-7-β-glucoside and luteolin-7-O-β-rutinoside), isorhamnetin 

(isorhamnetin-7-O-β-glucoside), patuletin (patuletin-7-O-β-glucoside), eupatoletin, astragalin, 

chrysosplenol and spinacetin.  
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Table 6.5: Major phytochemical compounds identified in ethanolic extracts of U. dioica, M. chamomilla, and M. koenigii. 

S. No Retention time (Rt min.) Compound Molecular 

formulae 

Chemical 

Structure 

Molecular 

weight 

(g/mol) 

Pharmacological actions 

UD MC MK 

1. 1.931 - 

 

1.645 Fumaric acid 

 

C4H4O4 

 

116.07 Reduce gallstone formation, used 

for the treatment of multiple 

sclerosis and psoriasis. 

2. 4.240 4.235 4.276 Gallic acid 

 

C7H6O5 

 

170.12 Expectorant, cytotoxic steroid, 

memory enhancer, anti-

inflammatory, anti-neoplastic, and 

antioxidant properties. 

3. - 7.523 7.473 Protocatechuic 

acid 

 

C7H6O4 

 

154.12 Neuroprotective, antioxidant, 

anticancer, antibacterial, anti-

aging, and anti-asthma properties. 

3. 9.211 - 

 

9.865 Catechins C15H14O6 

 

290.27 To prevent and treat various 

diseases, high antioxidant activity 

and used in cosmetics. 

4. - 11.387 - 4-O-

Caffeoylquinic 

acid 

C16H18O9 

 

 

 

354.31 

 

 Cytoprotective, neuroprotective, 

and hepatoprotective effects. 
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5. 15.982 14.683 15.554 Caffeic acid 

derivative 

C9H8O4 

 

180.16 Prevents DNA damage and 

oxidative stress induced by free 

radicals. 

6. 16.683 16.299 16.693 Epicatechin C15H14O6 

 

290.27 

 

 Reduce blood glucose levels in 

diabetic patients and stimulate 

mitochondrial respiration. 

7. 17.248 17.558 17.280 Isorhamnetin-7-

O-glucoside 

C22H22O12 

 

478.4 Anti-coagulant, anti-

inflammatory, and anti-

proliferative properties. 

8. 17.515 17.428 17.625 Syringic acid 

 

C9H10O5 

 

198.17 Therapeutic uses in prevention of 

CVDs, cancer, diabetes, and 

possess antioxidant activities. 

9. 18.094 18.763 18.651 Isorhamnetin-3-

O-glucoside 

 

C22H22O12 

 

478.4 Anti-viral, antioxidant, anticancer, 

Antitumor, anti-inflammatory, and 

antimicrobial properties. 

10. - 19.243 - Apigenin-7-O-

glucoside 

C21H20O10 

 

432.4 Prominent chemopreventive, anti-

candidal effect, antifungal 

potential and strengthen the failing 

heart. 

11. 20.728 20.152 20.835 p-coumaric acid C9H8O3 

 

 

 

164.16 

 

 Anti-inflammatory, 

antimicrobial, anti-viral, and 

antibacterial. 
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12. - 21.739 - 4,5-O-

dicaffeoylquinic 

acid 

C25H24O12 

 

516.4  In melanocytes, it significantly 

reduces tyrosinase activity and 

melanin synthesis in a dose-

dependent manner. 

13. 22.564 22.571 22.677 2-O-

Caffeoylmalic 

acid 

C13H12O8 

 

296.230 Prevents ROS production and 

possesses high antioxidant activity. 

14. 23.232 23.924 23.232 Ferulic acid C10H10O4 

 

194.18 Wide range of therapeutic uses 

against various diseases including 

cancer, arthritis, etc. 

15. - 24.579 - Naringin C27H32O14 

 

580.5 Anti-carcinogenic and act as 

inhibition of selected cytochrome 

P450 enzymes. 

16. 25.247 25.460 25.814 Quercetin 

(quercetin-3-O-

rhamonoside) 

 

C21H20O11 

 

448.4 Used for the treatment of 

inflammatory, allergic, metabolic 

disorders and act as anti-protozoal. 

17. 26.024 26.963 26.165 

 

Rutin C27H30O16 

 

 

610.5 Hypolipidemic, anti-protozoal, 

vasoactive, cytoprotective, anti-

allergic, anti-platelet, anti-

hypertensive and anti-spasmodic. 

18. 27.723 27.787 27.379 Myricetin C15H10O8 

 

318.23 Act as anti-epileptic, anti-

amyloidogenic, anti-diabetic, 

antioxidant, antibacterial, anti-

ulcer, antiviral, anticancer, and 

anti-inflammatory. 

https://pubchem.ncbi.nlm.nih.gov/#query=C25H24O12
https://pubchem.ncbi.nlm.nih.gov/#query=C10H10O4
https://pubchem.ncbi.nlm.nih.gov/#query=C15H10O8
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19. 28.231 28.789 29.031 Quercetin C21H20O11 

 

448.4 It decreases tumor necrosis factor 

(TNF-α) production in 

macrophages and LPS-driven IL-8 

synthesis in lung A549 cells 

generated by lipopolysaccharide 

(LPS). 

20. 32.156 32.956 31.456 Kaempferol C15H10O6 

 

286.24 Anxiolytic, anti-diabetic, anti-

estrogenic, anti-osteoporotic, 

cardioprotective, and 

neuroprotective. 

21. - 34.320 - Luteolin 

 

C15H10O6 

 

 

286.24 

 

 It exhibits anti-inflammatory 

properties due to its ability to 

regulate transcription factors like 

NF-B, AP-1, and STAT3. 

22. - 34.745 - Cirsiliol 

 

C17H14O7 

 

 

 

330.29 

 

  Act as inhibitors of arachidonate 

5-lipoxygenase and has 

anticancer, hypnotic, sedative, and 

anti-inflammatory properties. 

23. 35.339 35.445 36.021 Isorhamnetin C16H12O7 

 

 

316.26 

 

 Cerebrovascular and 

cardiovascular protective 

properties, in addition, it also acts 

as antioxidant, antitumor, anti-

inflammatory, organ protection, 

and obesity prevention properties. 

24. 37.277 - 

 

37.552 Kaempferol 3-

O-glucoside 

C21H14O11 

 

448.38 It lowers the risk of chronic 

diseases, particularly cancer, and 

boosts the body's antioxidant 

defenses against free radicals. 
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Note: The absence of compounds is indicated by '-'. 

 

The MK ethanolic fraction was examined by HPLC-DAD, which permitted the identification of important components such as chlorogenic acid, 

quercitrin, citric acid, piperine, 7 p-coumaric acid, hesperidin, rutin, gallic acid, β-terpineol, ferulic acid, catechin, naringenin, D-α-pinene, di-α-

phellandrene, dipentene, D-sabinene, caryophyllene, nicotinic acid, koenigine-quinone A and koenigine-quinone B. 

All these secondary metabolites have been shown to have cerebrovascular protective, neuroprotective, and cardiovascular protective properties. In 

addition, it also acts as an anti-carcinogenic, antitumor, anti-inflammatory, anti-microbial, anti-viral, anti-bacterial agent and protects against 

oxidative stress_related diseases. 

Rutin and quercetin were used as standard compounds in HPLC analysis of plant extracts due to their wide presence in various plant sources and 

their well-established chromatographic behavior. They belong to a class of compounds known as flavonoids, which are widely distributed in fruits, 

vegetables, and other plant materials.  

To identify and quantify the components contained in the plant extract, the retention time, peak area, and peak height of each compound was 

analysed. The compounds detected in the HPLC profile for plant extracts (UD; MC; and MK) can vary widely, and they may include phenolic 

compounds (such as phenolic acids and flavonoids), terpenoids, alkaloids, glycosides, and other secondary metabolites. The precise chemicals 

present, as well as their relative amounts, will vary depending on the plant species and its natural chemical composition. 

25. 39.901 41.026 40.516 

 

Isorhamnetin 3-

O-rutinoside 

 

C28H32O16 

 

624.5 Inhibit membrane protein, anti-

apoptosis antioxidation, antitumor 

anti-inflammation, anti-viral and 

antibacterial, anti-amyloidogenic, 

and anti-diabetic properties. 
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6.10 Synthesis of green engineered ZnO nanoparticles using UD, MC, and MK extracts 

The green fabrication mechanism for the generation of ZnO nanoparticles based on plant 

phytochemicals that can function as stabilizing and capping compounds to con-vert metal salts 

to metal nanoparticles. The major phytochemicals including methylxanthines, alkaloids, 

aldehydes, terpenoids, flavonoids, and phenolic acids served as a stabilizing agent that 

prevented particle agglomeration. These phytoconstituents (capping/reducing agents) are 

present in various plant extracts at varying concentrations. Thus, the synthesis of NPs is 

considerably influenced by the composition of plant fraction. Zinc (II) ions in plant extract are 

converted to metallic zinc, in-stead of generating a coordinated complex. Following the full 

reduction of the zinc precursor, metallic zinc and the dissolved oxygen in the solution reacted, 

resulting in the generation of Zinc oxide nuclei.  

Figure 6.7. Plant-mediated process of biogenic ZnO nanoparticles include the extraction of 

plant fraction, combining of the metal precursor solution in the plant fraction, and generation 

of green engineered NPs. The NPs were then analyzed using techniques like FTIR, SEM, XRD, 

EDX, and UV-Visible. 

The fabrication, stability, and generation of NPs are all dependent on factors including pH, 

metal salt content, contact time, temperature, and phytochemical composition of plant fraction. 

In order to stabilize the metal ions after being reduced by plant extracts, they will be 

encapsulated as an organic coating in three processes.  Metal ion reduction and the nucleation 
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of reduced metal ions are involved in the activation phase (Figure 6.7).The growth phase 

contributes to the stability of nanoparticles. The NPs shapes are determined in the termination 

phase. 

6.11 Characterization of biosynthesized zinc oxide nanoparticle (ZnO-NPs) 

Characterization is a fundamental process for determining the size, morphology, shape, size 

distribution, composition, surface area, and surface charge of the green fabricated ZnO-NPs. 

The techniques that have been employed to characterize ZnO-NPs are listed below. 

6.11.1 Optical properties of ZnO-NPs using UV-Vis spectroscopy 

The optical attributes of synthesized ZnO nanoparticles were assessed utilizing ultra-violet and 

visible absorption spectroscopy. The absorbance spectra between 200-800 nm were employed 

to record the biosynthesis of UD-ZnO, MC-ZnO, and MK-ZnO NPs in an aqueous solution. 

Figure 6.8: UV_Visible spectra of zinc nitrate, U. dioica (UD), M. chamomilla (MC), and M. 

koenigii (MK) extracts and their respective phytofabricated ZnO-NPs. 
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The absorption peaks for UD-ZnO, MC-ZnO, and MK-ZnO NPs were obtained at wavelengths 

of 308, 319, and 305 nm, respectively (Figure 6.8). The absorption edge consistently moves to 

a higher energy or lower wavelength when the size of the NPs decreases. Earlier studies have 

identified the peaks at 289-385 nm as the SPR (surface plasmon resonance) of ZnO 

nanoparticles. Using the formula below, the energy band gap (Eg) is calculated from the UV-

Vis graphs of UD-ZnO, MC-ZnO, and MK-ZnO NPs as 4.0, 3.8, and 4.0eV, respectively. 

Eg =1240 /λmaxeV 

The findings showed that ZnO-NPs were successfully synthesized using aqueous extracts of 

UD (leaves), MC (flowers), and MK (leaves).  

6.11.2 Crystallographic analysis of ZnO-NPs using X-ray Diffraction 

Crystallographic analysis of plant-synthesized ZnO-NPs using X-ray diffraction is a significant 

technique for investigating the  phase composition and crystal structure of the nanoparticles. 

XRD offers information on the arrangement of atoms inside the crystal lattice, allowing 

crystallographic characteristics such as lattice constants, crystallite size, and crystal structure to 

be determined. ZnO-NPs were subjected to intense XRD rays during the analysis, and these 

rays pass through the material to reveal information about its physical properties, chemical 

composition, and crystallographic structure. The diffraction peaks were obtained for 2θ values 

at 31.7, 34.5, 36.4, 47.8, 56.2, 62.5, 66.2, 67.6, 69.1, 72.9 and 77.2 corresponds to the plane of 

reflections for the values of (100), (002), (101), (102), (110), (103), (200), (112), (201), (004), 

and (202), respectively as depicted in Figure 6.9. The results exhibited distinct, strong peaks, 

which denoted that the biosynthesized ZnO-NPs are pure and crystalline. High intensity peak 

of ZnO-NPs is identified as the characteristic peak of UD-ZnO, MC-ZnO, and MK-ZnO NPs 

from the XRD pattern (Figure 4-a,b,c) at 101 planes after comparison with the standard powder 

diffraction card of JCPDS ‘’Joint Committee on Powder Diffraction Standards’’. The purity of 

the biogenic . ZnO-NPs is confirmed since no further diffraction peaks were detected. 

The average size of the biogenic UD-ZnO, MC-ZnO, and MK-ZnO NPs was 42, 45, and 41 

nm, respectively. The particle size decreased when the FWHM value was increased. By 

performing XRD analysis on plant-synthesized ZnO-NPs,   the crystalline properties of  ZnO-

NPs was observed, which is useful in understanding the chemical and physical characteristics, 

as well as their prospective applications in diverse domains. 
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Figure 6.9: The X-ray diffraction of U. dioica (a), M. chamomilla (b), and M. koenigii (c) 

ZnO nanoparticles. 
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6.11.3 Fourier Transform Infrared (FT-IR) analysis of Phyto-fabricated ZnO-NPs 

FT-IR spectrum were utilized in the wavelength range of 400-4000 cm-1 in order to determine 

the functional groups present in the fabrication of ZnO nanoparticles from the aqueous fractions 

of UD (leaves), MC (flowers), and MK (leaves) as illustrated in Figure 6.10. The findings of 

the FTIR study show that the surface of the nanoparticles contains functional groups related to 

phytoconstituents, namely glycosides, alkaloids, tannins, reducing sugars, ursolic acid, 

flavonoids, phenols, and others. In this study, the existence of phenolic and hydroxyl groups 

was indicated by the broad energy bands between 3500-3200 cm-1, which are attributed to 

stretching of O-H group vibrations. These groups are present in the structures of lignin, 

cellulose, and hemicellulose. The modest intensity peaks in the 2940-2970 cm-1 range that 

could be assigned to the stretching C-H alkaline vibrations, as well as other possible molecules. 

The bands observed at 2300-2370 cm-1 could be attributed to -C≡C- stretch.  

There is a detectable N=O vibration in the range of 1660-1600 cm-1. Additionally, weak peaks 

in this region should indicate the presence of C=C stretching vibration. However, absorption 

in this area can be a sign of the presence of carbonyl groups. The 1590-1500 cm-1 energy bands 

might be assigned to C=C/amine-NH stretching. The absorption bands between 1455 and 1370 

cm-1 can be attributed to aromatic ring C-C stretching. The C-O stretching vibrations of the 

guaiacyl ring can be attributed to the band between 1260-1200 cm-1. The energy bands 

identified at 1190-1100 cm-1 may correspond to amine stretching. The bands observed between 

1096-1010cm-1 could be assigned to Si-o-Si stretching protein vibrations. The bands might be 

corresponded to a secondary amine activity at 867-800 cm-1. The deposition of these substances 

in the synthesis of ZnO-NPs is indicated by the shift of bands to much lower frequency. In 

addition, the weak energy bands that were caused by the stretching of the ZnO molecules at 

697.28, 542.35, 532.95 cm-1 allowed for greater detection of the formation of UD-ZnO, MC-

ZnO, and MK-ZnO NPs, respectively. The area that corresponds to metal-oxygen is between 

400 and 600 cm-1. The FTIR analysis of plant extracts revealed information on the plant's 

chemical constituents, such as organic compounds, functional groups, and other biomolecules. 

Carbohydrates, such as hemicellulose, cellulose, and different sugars, are present. 

Consequently, it can be concluded that either an oxidation or a reduction mechanism is 

responsible for the major chemical processes involved in the fabrication of ZnO-NPs utilizing 

the aqueous extracts of UD, MC, and MK. 
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Figure 6.10: The FT-IR absorption spectra with a spectrum range of 400-4000 cm-1 of U. 

dioica (a), M. chamomilla (b), and M. koenigii (c) ZnO nanoparticles.  
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6.11.4 Field Emission Scanning Electron Microscopy 

SEM pictures, depicted that ZnO-NPs were formed in a variety of shapes, some of which were 

spherical and hexagonal at different temperatures as shown in the SEM images and others of 

which were irregular. Different magnifications were used to examine the FE-SEM images. The 

size of UD-ZnO, MC-ZnO, and MK-ZnO NPs, which ranges from 29 to 50 nm, is shown in 

Figure 6.11. The pH, temperature, and zinc nitrate concentration might have all contributed to 

the uneven morphology of ZnO nanoparticles. 

Figure 6.11: FE-SEM images of green synthesized ZnO nanoparticles of U. dioica (a,b,c),  M. 

chamomilla (d,e,f), and M. koenigii (g,h,i) at different magnifications. 
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6.11.5 Analysis of particle size using zeta potentiometer and dynamic light scattering 

The size of the synthesized ZnO-NPs was determined using DLS. In this context, zeta potential 

is used here to describe the electrochemical charge in the interfacial double layer at the location 

of the sliding plane in comparison to a site in the bulk fluid far from the interface (Figure 6.12-

a,b,c). The stability of a shape or structure is directly correlated with zeta potential, also termed 

as surface potential. 

Figure 6.12: Zeta potential and dynamic light scattering (DLS) of U. dioica (UD), M. 

chamomilla (MC), and M. koenigii (MK) ZnO nanoparticles.  

The distribution curves of UD-ZnO, MC-ZnO, and MK-ZnO NPs depicted in Figure 6.12 

(d,e,f). It displayed a range of particle sizes, with an average particle size of 43.31 nm and sizes 

ranging from 10.63 nm to 90.37 nm. Moreover, there was a 45.18 nm gap between the 

nanoparticles' highest and smallest sizes, indicating that the ZnO-NPs were distributed in a 

restricted range. Additionally, the stability of the nanoparticles was assessed using the zeta 

potential value (Figure 6.12-a,b,c), which was found to be -19.2, -17.4, and -18.5 mV of UD-

ZnO, MC-ZnO, and MK-ZnO NPs, respectively, which indicates an excellent stability. 

The negative value demonstrated the stability of the nanoparticles and prevented their 

aggregation. The capping effect of the biomolecules found in the aqueous fractions of U. 

dioica, M. chamomilla, and M. koenigii could be the cause of the negative potential value. 
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6.11.6 Energy Dispersive X-ray Spectroscopy  

EDX is an effective technique for determining the elements composition of UD-ZnO, MC-

ZnO, and MK-ZnO NPs. The unique atomic structures of each element provide recognizable 

peaks on the X-ray spectrum.  

Figure 6.13: EDX  (a,b, and c) and molecular mapping (d, e, and f) images of green synthesized 

ZnO nanoparticles of U. dioica (a and d), M. chamomilla (b and e), and M. koenigii (c and f) 

(in molecular mapping red=zinc, green=oxygen, yellow=copper, and blue=potassium). 

Other elements on the EDX, such as oxygen and carbon, come from the chemical component 

of the plant extract that is utilized as a reducing agent. The purity and composition of the green 

engineered ZnO-NPs are displayed in the EDX spectrum (Figure 6.13). Zn emits a strong 

signal in the EDX spectrum, while Cu, O, and K elements emit weak signals. These weak 

signals are the result of macromolecules such as enzymes, protein, and carbohydrates that are 

found in the cell wall of the plant fraction emitting X-rays. 
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6.12 The anti-bacterial potential of green-engineered ZnO-NPs against S. aureus and E. coli  

In the present study, the antimicrobial effect of green engineered ZnO-NPs was examined 

against Gram negative (Escherichia coli) and Gram positive (Staphylococcus aureus) bacterial  

strains following subculturing  on Muller-Hinton agar medium.  
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Figure 6.14: Antibacterial activity of plant extracts (UD, MC, and MK) and their bio 

synthesized zinc oxide nanoparticles (UD-ZnO, MC-ZnO, and MK-ZnO NPs) against 

Escherichia coli (a,b,c,d,e,f) and Staphylococcus aureus (g,h,i,j,k,l). Note: +C = positive 

control (chloramphenicol), – C=negative control (deionized water), UD = Urtica dioica extract, 

UD-ZnO = Urtica dioica synthesized Zinc Oxide NPs, MC = Matricaria chamomilla extract, 

MC-ZnO = Matricaria chamomilla synthesized Zinc Oxide NPs, MK = Murraya koenigii 

extract, MK-ZnO = Murraya koenigii synthesized Zinc Oxide NPs. 

The obtained zone of inhibition of plant extracts (UD, MC, and MK) and their phyto 

synthesized NPs (UD-ZnO, MC-ZnO, and MK-ZnO NPs) were compared with drug viz., 

chloramphenicol. The maximum inhibition zone of biosynthesized ZnO-NPs in case of E. coli  

were observed in  MK-ZnO NPs (1.5 cm) followed by UD-ZnO NPs (1.2 cm), and MC-ZnO 

NPs (1.0 cm). Plant extracts also showed great antibacterial activity viz. UD extract (0.9 cm), 

MC extract (0.5 cm), and MK extract (0.9 cm) as illustrated in Figure 6.14 (a,b,c,d,e,f).  

The pattern was similar in case of S. aureus, highest zone of inhibition was observed in MK-

ZnO NPs (1.7 cm) followed by UD-ZnO NPs (1.4 cm), and MC-ZnO NPs (1.4 cm) as shown 

in Figure 6.14 (g,h,i,j,k,l). Plant extracts also showed great antibacterial activity viz. UD 

extract (0.9 cm), MC extract (0.5 cm), and MK extract (1.0 cm) Due to the existence of 

peptidoglycan layers, Gram positive strains have more convergent ZnO-NPs penetration into 

cell membrane than their negative equivalents.  

The results suggests that the bacteria are very susceptible to ZnO nanoparticles, which have 

excellent activity against E. coli  and S. aureus. The plant fractions are rich in amino acids, 

vitamins, phenols, reducing sugars, and flavonoids, which are essential for binding and 

capturing ZnO ions. The antibacterial activity measured immediately following synthesis and 

after storage was found to be equally strong, demonstrating that the activity does not decrease 

with passing time and confirming the stability of UD-ZnO, MC-ZnO, and MK-ZnO NPs 

throughout storage processes.  

Green-engineered ZnO-NPs have shown wide antibacterial efficacy against Gram-positive and 

Gram-negative bacteria. Multiple processes are thought to be responsible for ZnO-NPs' 

antibacterial action. To begin, the NPs tiny size and large surface area allow for enhanced 

contact and interaction with bacterial cells, resulting in cell membrane breakdown. This can 

result in cellular content leakage and, eventually, cell death. Furthermore, when exposed to 

light or in the presence of moisture, ZnO-NPs can produce reactive oxygen species, which can 

cause oxidative stress and damage to bacterial cells. The release of zinc ions from ZnO-NPs 
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may potentially contribute to their antibacterial properties. Although the mechanisms for 

delivering NPs into microbial cells have been identified, more research is still needed to 

determine exactly how nanoparticles interact with membrane receptors and efflux pumps to 

start antimicrobial activity. There are four ways that NPs can enter a cell, including adhering 

to the membrane, damaging microbial DNA by producing ROS from Zn ions, interfering with 

ATP synthesis and DNA replication from ionic forms of nanoparticles, and eventually, forming 

thiols or phosphates from interactions with nucleic acid and amino acids moieties. However, 

the primary mechanism by which zinc oxide interacts with bacteria is through interference with 

both capsule biosynthesis and central carbon metabolism. Higher concentrations of zinc ions 

in nanoforms impair virulence by lowering the production of hyaluronic acid capsules, which 

in turn inhibits several crucial enzymes that catabolize glucose and changes the expression of 

carbon catabolic pathways.  

The green fabricated ZnO-NPs can be used for both diagnostic and therapeutic purposes for a 

variety of pathological diseases because to their promising properties. The destructive activity 

of UD-ZnO, MC-ZnO, and MK-ZnO NPs at minimum inhibitory levels for bacteria is most 

likely caused by its ability to damage cell membrane structures and permeability barriers with 

loss of chemiosmotic control. The particular methods of antibacterial activity can differ based 

on the size, surface features, and concentration of ZnO-NPs, as well as the characteristics of 

the bacterial strains being targeted. The combination of intracellular ROS generation, 

membrane damage, zinc ion release, and interaction with biomolecules all contribute to the 

antibacterial activity of green-engineered ZnO-NPs. 

6.13 Dose-dependent Antioxidant Potential of biosynthesized ZnO-NPs using DPPH and 

ABTS 

DPPH and ABTS are two common chemical compounds used as reagents to test the antioxidant 

activity of substances such as natural extracts. Because of their capacity to behave as stable 

free radicals and their simple colorimetric detection techniques, these chemicals are commonly 

used in antioxidant assessments. 

The antioxidant and antiradical capacity of green engineered UD-ZnO, MC-ZnO, and MK-

ZnO NPs and their plant extracts is frequently assessed using the DPPH method. Antioxidants 

are considered to have the ability to donate hydrogen, which helps them scavenge DPPH 

radicals. When electron/hydrogen donor molecules interact with the organic nitrogen radical, 
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a yellow or brownish radical solution with reduced absorbance is produced. The maximum UV-

Vis spectral range of DPPH is 515-520 nm. The antioxidant capacity was determined at three 

different concentrations (0.1, 0.2, and 0.3 mg/ml). In this study, MK-ZnO NPs (72.3-92.5%) 

exhibited a greater capacity to scavenge DPPH free radicals than the UD-ZnO (68.4-81.9%) 

and MC-ZnO (54.1-72.7%) NPs, as shown in Figure 6.15 (a). ZnO-NPs from all three plants 

showed the highest scavenging efficiency when compared to their aqueous extracts. The redox 

potential of phenolic components, which serve as reducing agents, is the main determinant of 

the antioxidant activity of biosynthesized ZnO-NPs.  

The antioxidant properties of the hydrophilic and hydrophobic bioactive compounds found in 

the green fabricated  ZnO-NPs are investigated using the unstable free radical ABTS. The 

maximum UV-Vis spectral range of ABTS is 415 nm. The antioxidant capacity was determined 

at three different concentrations (0.1, 0.2, and 0.3 mg/ml).  These results suggest that 

biosynthesized MK-ZnO NPs (71.9-93.4%) have stronger antioxidant and antiradical 

properties, and are more effective than UD-ZnO (64.6-84.5%) and MC-ZnO (52.7-78.9%) at 

scavenging ABTS free radicals.  In the samples obtained, it was observed that biosynthesized 

ZnO-NPs had the maximum radical-scavenging capacity of ABTS, followed by their aqueous 

extracts, as shown in Figure 6.15 (b). The finding suggests that the DPPH and ABTS radical 

scavenging activities were dose-dependent as the concentration of biosynthesized ZnO-NPs 

increased, scavenging activities against both radicals were also increased 

The antioxidant abilities of ZnO-NPs synthesized from UD, MC, and MK extracts was 

evaluated and compared to the ABTS and DPPH assays. The antioxidant capacity was 

determined at three different concentrations (0.1, 0.2, and 0.3 mg/ml). The finding suggests that 

the DPPH and ABTS radical scavenging activities were dose-dependent as the concentration 

of biosynthesized ZnO-NPs increased, scavenging activities against both radicals were also 

increased (the antioxidant potential for ABTS and DPPH was 63.3-83.5% and 56.7-77.1%, 

respectively). 

ZnO nanoparticles from all three plants (UD, MC, and MK) demonstrated the highest 

scavenging efficiency when compared to their aqueous extracts. The findings are contradictory 

since some studies found higher antioxidant activity in ZnO-NPs while others found the 

reverse. Given the huge number of research reporting both types of results, both outcomes seem 

possible.  
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Figure 6.15: The effect of different concentrations (0.1, 0.2, and 0.3 mg/ml) of  Urtica dioica 

(UD), Matricaria chamomilla (MC), Murraya koenigii (MK) synthesized ZnO nanoparticles 

(UD-ZnO, MC-ZnO, and MK-ZnO NPs) in the DPPH (a) and ABTS (b) free radical scavenging 

test. Data are shown as the mean±SD for n = 3. Statistically significance is ascribed as *P<0.05 

(intra group) and #P<0.05 (inter group) compared with 0.5 mg/ml of the respective groups. UD 

= Urtica dioica extract, UD-ZnO = Urtica dioica synthesized Zinc Oxide NPs, MC = 

Matricaria chamomilla extract, MC-ZnO = Matricaria chamomilla synthesized Zinc Oxide 

NPs, MK = Murraya koenigii extract, MK-ZnO = Murraya koenigii synthesized Zinc Oxide 

NPs. 
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6.14 Trypan blue staining in tissues of green engineered ZnO-NPs exposed D. melanogaster 

Trypan blue staining is a method extensively used in biomedical research for evaluating cell 

viability and tissue morphology. It entails the use of Trypan blue, a crucial dye that 

selectively colours dead or injured cells while leaving live cells unstained. The trypan blue 

staining was carried out in the tissues and whole larvae of Drosophila to see if exposure to 

rotenone generates any tissue damage (Figure 6.16). 

Figure 6.16. Dye exclusion test using trypan blue staining in the third instar larvae exposed to 

rotenone and cotreated with UD-ZnO, MC-ZnO, and MK-ZnO, as illustrated in the upper 

panel. The lower panel shows dissected third instar larvae dyed with trypan blue. ROT 500 

µM was administered to 72-hour (±2 h) old larvae (early third instar) of Drosophila 

melanogaster (Oregon R+) alone or in association with UD-ZnO, MC-ZnO, and MK-ZnO, 

respectively for 48 hours. The upper panel's arrows demonstrate cytotoxicities in the whole 

larvae using trypan blue staining. Note: sg= salivary glands, pv= proventriculus, bg= brain 

ganglia, mt= malpighian tubules, mg= midgut, and hg = hind gut. The bar represents 100 µm. 

ROT= rotenone; UD-ZnO = Urtica dioica synthesized Zinc Oxide NPs, MC = Matricaria 

chamomilla synthesized Zinc Oxide NPs and MK = Murraya koenigii synthesized Zinc Oxide 

NPs. 

In 96% of the larvae treated to ROT, the whole larva and its tissues exhibited blue staining 

(midgut, brain ganglia, gastric caeca, salivary gland, and malpighian tubules). ROT co-exposed 

with MK-ZnO NPs demonstrated considerably lesser blue staining in the tissues mentioned 

above and the whole larvae when compared to the ROT plus UD-ZnO and ROT plus MC-ZnO 

NPs groups, respectively. 
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The trypan blue staining principle is based on the differential permeability of the cell membrane 

in living and dead cells. Trypan blue is a water-soluble dye that cannot penetrate living cells' 

undamaged cell membranes. However, the cell membrane loses its integrity in dead or injured 

cells, enabling trypan blue to enter the cell and stain its contents. Plant biomolecules 

significantly enhanced cell viability. Biogenic ZnO nanoparticles showed protective properties 

due to the activation of antioxidant defence mechanisms or the presence of bioactive molecules 

that quench free radicals. 

6.15 Biosynthesized ZnO-NPs enhanced AChE activity in Rotenone exposed D. 

melanogaster  

It was observed in this study that the third instar larvae for 24 hours exposed to ROT showed 

a significant statistically (P<0.001) decrease in acetylcholinesterase activity when compared to 

either DMSO or control, with 68.91% lower AChE levels in the said group. These higher levels 

of acetylcholinesterase were clearly considerable when compared to ROT alone treated groups, 

with just 20.65% inhibition being seen as opposed to control when ROT and MK-ZnO NPs 

were co-exposed. Interestingly, there was a considerable improvement in the AChE levels in 

the ROT plus UD-ZnO and ROT plus MC-ZnO NPs groups (31.85% and 43.75% inhibition, 

respectively). Plant fractions also demonstrated encouraging effects in the suppression of 

rotenone-induced acetylcholinesterase inhibition (UD-44.53%, MC-52.03%, and MK-33.79% 

inhibition). After 48 hours, ROT alone exposed organisms had the highest amount of AChE 

inhibition (77.92%) opposed to control/untreated larvae, while the ROT plus MK-ZnO NPs 

group had the highest degree of rescue from ROT-induced neurotoxicity (10.42%). 

Additionally, the ROT plus UD-ZnO and ROT plus MC-ZnO groups considerably had greater 

AChE levels than the ROT-treated group (22.64% and 35.35% inhibition, respectively) as 

illustrated in the Figure 6.17-a. Plant extracts also showed promising results against rotenone 

induced acetylcholinesterase inhibition (UD-34.16%, MC-44.46%, and MK-27.64%). 

According to obtained results, it suggests that the biosynthesized ZnO nanoparticles effectively 

enhanced the activity of AChE in Drosophila melanogaster that were exposed to rotenone. This 

implies that the Phytosynthesized ZnO-NPs may have a protective effect on the nervous system 

by counteracting the inhibitory effects of rotenone on AChE activity. Both plant-synthesized 

ZnO nanoparticles and plant extracts have the potential to rescue AChE inhibition, the 

effectiveness of each approach can vary depending on the specific application, the plant species 

involved, and the characteristics of the nanoparticles or extracts used. 
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Figure 6.17: Acetylcholinesterase (a) and butrylcholinesterase (b) activities in the third instar 

larvae of D. melanogaster (Oregon R+) exposed to 500 µM ROT alone or in combination with 

UD, MC, and MK extracts and their synthesized nanoparticles (ZnO-NPs) for 24 and 48 h. 

Data represent mean ± SD (n = 3); significance ascribed as ** p < 0.01, *** p < 0.001 vs. 

control or DMSO control. # is ascribed as significance at p < 0.05, ### p < 0.001 as compared 

with 500 µM rotenone. Note: UD = Urtica dioica, UD-ZnO = Urtica dioica synthesized Zinc 

Oxide NPs, MC = Matricaria chamomilla extract, MC-ZnO = Matricaria chamomilla 

synthesized Zinc Oxide NPs, MK= Murraya koenigii extract, MK-ZnO = Murraya koenigii 

synthesized Zinc Oxide NPs. 
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6.16 Ameliorative effects of ZnO-NPs on rotenone induced BChE inhibition in D. 

melanogaster 

In this study, third instar larvae of Oregon R+ exposed to ROT for 24 hours revealed a 

statistically significant (P<0.001) reduction in butyrylcholinesterase activity as compared to 

either DMSO or control, with 66.31% lower BChE levels in the aforementioned group. When 

ROT and MK-ZnO NPs were co-exposed, these greater levels of butyrylcholinesterase were 

obviously significant when compared to ROT alone treated groups, with just 24.65% inhibition 

compared to control. Surprisingly, BChE levels improved significantly in the ROT plus UD-

ZnO and ROT plus MC-ZnO NPs groups (35.6% and 45.7% inhibition, respectively). Plant 

fractions also demonstrated encouraging effects in the suppression of rotenone-induced 

butyrylcholinesterase inhibition (UD-44.53 %, MC-52.03 %, and MK-33.79 inhibition). 

After 48 hours, ROT-exposed organisms had the highest level of BChE inhibition (75.12%) 

compared to control/untreated larvae, whereas ROT + MK-ZnO NPs had the highest level of 

rescue from ROT-induced neurotoxicity (13.42%). Furthermore, as shown in Figure 6.17-b, 

the ROT plus UD-ZnO and ROT plus MC-ZnO groups exhibited significantly higher BChE 

levels than the ROT-treated group (27.63% and 36.35% inhibition, respectively). Plant extracts 

also showed promising results against rotenone induced butyrylcholinesterase inhibition (UD-

34.16 %, MC-44.46 %, and MK-27.64). 

According to the findings, biosynthesized ZnO nanoparticles efficiently increased the activity 

of BChE in Drosophila melanogaster exposed to rotenone. This suggests that the nanoparticles 

may protect the nervous system by counteracting rotenone's inhibitory effects on BChE 

activity. Although both plant-derived ZnO nanoparticles and plant extracts have the ability to 

restore BChE inhibition, the efficacy of each strategy varies depending on the specific 

application, plant species involved, and the properties of the nanoparticles or extracts 

employed. 

6.17 Modulatory effects of green ZnO-NPs on rotenone induced catalase (CAT) alterations  

Rotenone, as mentioned earlier, is a mitochondrial complex I inhibitor that induces oxidative 

stress and disrupts the antioxidant defense system. This can lead to an increase in ROS levels 

and an increase in CAT activity, which is responsible for breaking down hydrogen peroxide 

into water and oxygen. To investigate whether green ZnO-NPs could mitigate the rotenone-

induced alterations in CAT assay were carried out in Drosophila.  
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The catalase activity in the tissues of third instar larvae of Drosophila exposed to ROT (500 

µM) increased statistically significantly (P<0.001). When compared to the control group, the 

catalase activity of the larvae in the ROT group was increased after 24 hours. The lowest CAT 

activity was observed in ROT co-exposed with MK-ZnO NPs, followed by ROT+UD-ZnO 

NPs, and ROT+MC-ZnO NPs. Plant extracts (UD, MC, and MK) also shown promising effects 

in suppressing rotenone-induced CAT activity. Many plants contain bioactive compounds such 

as polyphenols, flavonoids, and other antioxidants that have the potential to scavenge reactive 

oxygen species (ROS) and modulate enzymatic activity. After 48 hours, the ROT exposure has 

significant increase in CAT activity in the larvae compared to the control group. ROT co-

exposed with MK-ZnO NPs showed a decrease in CAT activity, followed by ROT+UD-ZnO, 

and ROT+MC-ZnO NPs (Figure 6.18-a). UD, MC, and MK extracts have been found to 

regulate the expression of genes involved in antioxidant defense, including CAT. This 

modulation of gene expression can help to normalize CAT activity in the presence of rotenone. 

The obtained data were analyzed statistically to determine the effects of rotenone and/or 

biosynthesized ZnO-NPs on CAT activity in Drosophila. Based on the findings, we conclude 

that green ZnO-NPs protect against rotenone-induced oxidative stress by restoring or 

strengthening the activity of antioxidant enzymes. 

6.18 Ameliorative effects of green ZnO-NPs on rotenone induced superoxide dismutase 

(SOD) alterations 

The effects of green ZnO-NPs on rotenone-induced alterations to antioxidant enzymes, 

specifically SOD, in D. melanogaster have been studied. In this study, it was observed that 

SOD level increased considerably (P<0.001) in the tissues of third instar Drosophila larvae 

exposed to ROT (500 µM). After 24 hours, the SOD level of the larvae in the ROT group had 

risen than in the control group. ROT co-exposed with MK-ZnO NPs had the lowest 

SOD activity, followed by ROT+UD-ZnO NPs and ROT+MC-ZnO NPs. Plant extracts (UD, 

MC, and MK) have also been demonstrated to decrease rotenone-induced SOD activity. After 

48 hours, when compared to the control group, ROT exposure resulted in a substantial increase 

in SOD level in the larvae. ROT co-exposed with MK-ZnO NPs reduced SOD expression, 

followed by ROT+UD-ZnO NPs and ROT+MC-ZnO NPs (Figure 6.18-b). UD, MC, and MK 

extracts also have been reported to affect the expression of antioxidant defence genes such as 

SOD. Based on the findings, we conclude that green ZnO-NPs protect against rotenone-induced 

oxidative stress by restoring or strengthening the activity of antioxidant enzymes. 
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Figure 6.18: CAT (a) and SOD (b) activities in the third instar larvae of D. melanogaster 

(Oregon R+) exposed to 500 µM ROT alone or in combination with UD, MC, and MK extracts 

and their synthesized nanoparticles (ZnO-NPs) for 24 and 48 h. Data represent mean ± SD (n 

= 3); *p<0.05, ** p< 0.01, *** p< 0.001 vs. untreated/control or DMSO control. ## ascribed 

as significance at p< 0.01, ### p< 0.001 compared with 500 µM rotenone. Note: UD = Urtica 

dioica, UD-ZnO = Urtica dioica synthesized Zinc Oxide NPs, MC = Matricaria chamomilla 

extract, MC-ZnO = Matricaria chamomilla synthesized Zinc Oxide NPs, MK= Murraya 

koenigii extract, MK-ZnO = Murraya koenigii synthesized Zinc Oxide NPs. 
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6.19 Lipid peroxidation (MDA content) 

In this research, MDA level was significantly higher (P<0.001) in the tissues of third instar 

Drosophila larvae exposed to ROT (500 µM). After 24 hours, the MDA level in the ROT group 

was higher than in the control group. The lowest MDA concentration was found in ROT co-

exposed with MK-ZnO NPs, followed by ROT+UD-ZnO NPs and ROT+MC-ZnO NPs. Plant 

extracts (UD, MC, and MK) reduced rotenone-induced MDA level as well. After 48 hours, 

when compared to the control group, ROT exposure resulted in a significant rise in MDA levels 

in the larvae. MDA expression was decreased when ROT was co-exposed with MK-ZnO NPs, 

followed by ROT+UD-ZnO NPs and ROT+MC-ZnO NPs (Figure 6.19-a). UD, MC, and MK 

extracts all showed improved effects on the reduction of lipid peroxidation induced by 

rotenone. Rotenone exposure led to increased oxidative stress which further led to higher levels 

of LPO in cells. Plant-derived ZnO-NPs demonstrated the enhanced protective effect against 

lipid peroxidation. ZnO-NPs possess intrinsic antioxidant properties and can scavenge ROS. 

By reducing oxidative stress, these nanoparticles can help mitigate the generation of lipid 

peroxides, thereby lowering LPO levels.  

6.20 Protein carbonyl content (PC content) 

To investigate the protective effects of phyto-synthesized ZnO-NPs on rotenone-induced 

increased protein carbonyl content study was carried out. In this work, PC content was 

significantly increased (P<0.001) in the tissues of third instar larvae of D. melanogaster 

exposed to ROT (500 µM). After 24 hours, the PC concentration in the ROT group was higher 

than in the control group. The reduced PC concentration was found in ROT co-exposed with 

MK-ZnO NPs, followed by ROT+UD-ZnO NPs and ROT+MC-ZnO NPs. Plant extracts (UD, 

MC, and MK) reduced rotenone-induced PC level as well. After 48 hours, when compared to 

the control group, ROT exposure resulted in a significant rise in PC level in the larvae. PC 

expression was decreased when ROT was co-exposed with MK-ZnO NPs, followed by 

ROT+UD-ZnO NPs and ROT+MC-ZnO NPs (Figure 6.19-b). UD, MC, and MK extracts all 

showed improved effects on the reduction of protein carbonyl induced by rotenone. Protein 

carbonylation occurs as a result of oxidative damage to proteins, leading to the formation of 

carbonyl groups on amino acid residues. Green ZnO-NPs, with their intrinsic antioxidant 

properties, may have the potential to scavenge ROS and reduce oxidative stress. This reduction 

in oxidative stress could potentially result in the decreased formation of protein carbonyls 

induced by rotenone. 
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Figure 6.19: LPO (a) and PC (b) content in the third instar larvae of D. melanogaster (Oregon 

R+) exposed to 500 µM ROT alone or in combination with UD, MC, and MK extracts and their 

synthesized nanoparticles (ZnO-NPs) for 24 and 48 h. Data represent mean ± SD (n = 3); 

*p<0.05, ** p< 0.01, *** p< 0.001 vs. untreated/control or DMSO control. ## ascribed as 

significance at p< 0.01, ### p< 0.001 compared with 500 µM rotenone. Note: UD = Urtica 

dioica, UD-ZnO = Urtica dioica synthesized Zinc Oxide NPs, MC = Matricaria chamomilla 

extract, MC-ZnO = Matricaria chamomilla synthesized Zinc Oxide NPs, MK= Murraya 

koenigii extract, MK-ZnO = Murraya koenigii synthesized Zinc Oxide NPs. 
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6.21 Decreased protein concentration in Drosophila exposed with ROT after 24 and 48 h 

Rotenone can affect dopaminergic neurons in Drosophila. Dopamine-related proteins, such as 

tyrosine hydroxylase (TH) or dopamine transporters, may be altered in response to rotenone 

exposure, potentially leading to changes in protein concentration. The total protein 

concentration in the tissues of third instar larvae of Drosophila exposed to ROT (500 µM) 

decreased statistically significantly (P<0.001). When compared to the control group 

(14.98±0.211 mg/g), the protein concentration of the larvae in the ROT (6.41±0.258 mg/g) 

group was lower after 24 hours. The highest protein content was observed in ROT co-exposed 

with MK-ZnO NPs (11.09±0.214 mg/ml), followed by ROT+UD-ZnO NPs (10.08±0.212 

mg/g), and the lowest in ROT+MC-ZnO NPs (9.06±0.235 mg/g). Plant extracts  such as UD 

(8.55±0.11 mg/ml), MC (7.09±0.14 mg/ml), and MK (9.27±0.17 mg/ml) also enhanced protein 

concentration as well. After 48 hours, the ROT (5.08±0.258 mg/g) exposure has reduced the 

protein content in the larvae compared to the control group (14.77±0.328 mg/g). ROT co-

exposed with MK-ZnO NPs showed an increase in protein concentration (12.9±0.323 mg/g), 

followed by ROT+UD-ZnO (11.85±0.231 mg/g), and ROT+MC-ZnO NPs (10.65±0.256 mg/g) 

(Figure 6.20-a). Protein concentration was also increased by plant extracts including UD 

(9.94±0.24 mg/g), MC (8.04±0.24 mg/g), and MK (10.58±0.17 mg/g).  

6.22 Reduced glutathione (GSH) level in Drosophila exposed with ROT after 24 and 48 h 

The glutathione content in the tissues of third instar larvae of Drosophila exposed to ROT (500 

µM) decreased statistically significantly (P<0.001). When compared to the control group 

(1.48%), the GSH concentration of the larvae in the ROT (71.30%) group was reduced after 24 

hours. Among the ZnO-NPs synthesized groups, the highest GSH content was observed in ROT 

co-exposed with MK-ZnO NPs (24.64% reduction), followed by ROT+UD-ZnO NPs 

(39.84%), and the lowest in ROT+MC-ZnO NPs (45.75%). Plant extracts such as UD 

(44.52%), MC (59.02%), and MK (37.70%) also enhanced GSH concentration as well.  

After 48 hours, the ROT (81.12%) exposure has reduced the GSH content in the larvae 

compared to the control group (2.75%). ROT co-exposed with MK-ZnO NPs showed an 

increase in GSH concentration (16.41%), followed by ROT+UD-ZnO (28.63%), and 

ROT+MC-ZnO NPs(36.34%) (Figure 6.20-b). Glutathione concentration was also increased 

by plant extracts including UD (38.15%), MC (47.45%), and MK (27.63%). 
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Figure 6.20: Protein content (a) and GSH (b) content in the third instar larvae of D. 

melanogaster (Oregon R+) exposed to 500 µM ROT alone or in combination with UD, MC, 

and MK extracts and their synthesized nanoparticles (ZnO-NPs) for 24 and 48 h. Data represent 

mean ± SD (n = 3); *p<0.05, ** p< 0.01, *** p< 0.001 vs. untreated/control or DMSO control. 

## ascribed as significance at p< 0.01, ### p< 0.001 compared with 500 µM rotenone. Note: 

UD = Urtica dioica, UD-ZnO = Urtica dioica synthesized Zinc Oxide NPs, MC = Matricaria 

chamomilla extract, MC-ZnO = Matricaria chamomilla synthesized Zinc Oxide NPs, MK= 

Murraya koenigii extract, MK-ZnO = Murraya koenigii synthesized Zinc Oxide NPs. 
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6.23 Significant variation in locomotor activity of ROT treated Drosophila.  

Rotenone-induced mitochondrial dysfunction has also been associated with oxidative stress 

and the generation of ROS, which can further contribute to the impairment of locomotor 

activity in Drosophila. The highest climbing potential was shown by the control, DMSO, and 

zinc nitrate-treated flies in 30 seconds (only 8.33, 11.41, and 13.47 % decrease, respectively). 

The maximum decrease was detected in ROT-treated Drosophila (65.5%), and flies had trouble 

to climb the walls of cylinder. Different groups with ROT and plant-mediated ZnO-NPs 

demonstrate variable degrees of improvement in their climbing abilities. The ability of flies to 

ascend was increased by all green ZnO-NPs as illustrated in Figure 6.21-a.  

Among the synthesized ZnO-NPs groups, ROT+MK-ZnO NPs (17.62%) exhibits the minimum 

reduction, followed by the ROT+UD-ZnO (27.85%) and ROT+MC-ZnO (38.25%) showed the 

greatest reduction in climbing activity. Obtained results suggests that plant extracts as well as 

their synthesized ZnO-NPs enhanced locomotor activity in Drosophila melanogaster that had 

been exposed to rotenone. An unpaired student t-test was used to compare the mean±SEM in 

order to examine  any significant difference. The significance level was determined at P<0.001. 

6.24 Phyto-synthesized ZnO-NPs enhanced Memory in Rotenone exposed D. melanogaster  

Rotenone is known to cause mitochondrial malfunction and oxidative stress, which can impair 

neuronal function and cognitive processes such as memory. The highest memory ability was 

shown by the control, DMSO, and zinc nitrate-treated flies (only 5.33, 7.33, and 6.47 % 

reduction, respectively). The maximum decrease was detected in ROT-treated Drosophila 

(78.6%), and flies was observed random movement at the T-point of the apparatus and the flies 

were slow enough to reach the T-point. The ability of flies to memorize was increased by all 

green ZnO-NPs as illustrated in Figure 6.21-b.  

Among the synthesized ZnO-NPs groups, ROT+MK-ZnO NPs (14.33%) exhibits the minimum 

reduction, followed by the ROT+UD-ZnO (24.33 %) and ROT+MC-ZnO (31.33%) showed 

the greatest reduction in memory ability. Obtained results suggests that plant extracts as well 

as their synthesized ZnO-NPs enhanced memory in Drosophila melanogaster that had been 

exposed to rotenone. An unpaired student t-test was used to compare the mean±SEM in order 

to examine  any significant difference. The significance level was determined at P<0.001. 
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Figure 6.21: Climbing activity (a) and Memory ability (b) of Drosophila melanogaster 

(Oregon R+) flies exposed to ROT (500 µM) alone or in association with UD-ZnO, MC-ZnO, 

and MK-ZnO for 120 h; significance is ascribed as*p<0.05, ** p< 0.01, *** p< 0.001 vs. 

untreated/control or DMSO control. ## ascribed as significance at p< 0.01, ### p< 0.001 

compared with 500 µM rotenone. Note: UD = Urtica dioica, UD-ZnO = Urtica dioica 

synthesized Zinc Oxide NPs, MC = Matricaria chamomilla extract, MC-ZnO = Matricaria 

chamomilla synthesized Zinc Oxide NPs, MK= Murraya koenigii extract, MK-ZnO = Murraya 

koenigii synthesized Zinc Oxide NPs. 
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6.25 ROT affects jumping activity in Drosophila 

The normal jumping behavior is dependent on the proper functioning of the nervous system 

and muscle activity, both of which require adequate energy. When compared to control, DMSO, 

and zinc nitrate (13.67%, 17.02%, and 16.75%), we saw a considerably reduced jumping 

activity in the Drosophila flies treated with ROT (71.4%). Different groups with ROT and 

green fabricated ZnO-NPs displayed variable degrees of improvement in their jumping 

abilities. The ability of flies to ascend was increased by all green ZnO-NPs as illustrated in 

Figure 6.22-a. The lowest reduction is shown by the ROT+MK-ZnO (22.67%), followed by 

the ROT+UD-ZnO (31.67%), and the maximum reduction is shown by the ROT+MC-ZnO 

(44.04%). When exposed to rotenone, Drosophila exhibit a decrease in jumping activity. This 

decrease can be attributed to the reduced energy levels caused by the inhibition of complex I. 

The flies may show a decrease in overall motor activity, including their ability to perform 

coordinated jumping movements. An unpaired student t-test was used to compare the 

mean±SEM in order to examine  any significant difference. The significance level was 

determined at P<0.001. 

6.26 Green fabricated ZnO-NPs elevated crawling activity in ROT treated Drosophila larvae 

In order to detect any deficits in their locomotor function and consequent behavioural 

alterations, the crawling pattern of third instar larvae of Drosophila was examined. The basic 

behaviour of Drosophila larval crawling enables us to examine the involvement of genes in the 

specification of neurons in the entire organism as well as the functions of those neurons. The 

control, DMSO, and zinc nitrate-treated larvae had the highest level of crawling activity in 1 

minute (8.89±0.12, 8.66±0.09, and 8.55±0.98 cm/min, respectively). The largest reduction was 

seen in Drosophila treated with ROT (3.05±0.14 cm/min), and flies had difficulty crawling on 

petri plates. Different ROT and plant-mediated ZnO-NP groups exhibit varying degrees of 

improvement in their ability to crawl. All green ZnO-NPs improved the ability of larvae to 

crawl appropriately, as shown in Figure 6.22-b. In this study, it was observed that the crawling 

ability was highly rescued  in ROT+MK-ZnO NPs (7.25±0.25 cm/min), followed by 

ROT+UD-ZnO (6.76±0.10 cm/min), and ROT+MC-ZnO (5.56±0.05 cm/min) among the 

synthesised ZnO-NPs groups. The mean and SEM were compared using an unpaired student t-

test to determine any difference that could be statistically significant. The significance level 

was determined at P<0.001.  
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Figure 6.22: Jumping activity (a) and Crawling ability (b) of Drosophila melanogaster 

(Oregon R+) exposed to ROT (500 µM) alone or in association with UD-ZnO, MC-ZnO, and 

MK-ZnO for 120 h; significance is ascribed as*p<0.05, ** p< 0.01, *** p< 0.001 vs. 

untreated/control or DMSO control. ## ascribed as significance at p< 0.01, ### p< 0.001 

compared with 500 µM rotenone. Note: UD = Urtica dioica, UD-ZnO = Urtica dioica 

synthesized Zinc Oxide NPs, MC = Matricaria chamomilla extract, MC-ZnO = Matricaria 

chamomilla synthesized Zinc Oxide NPs, MK= Murraya koenigii extract, MK-ZnO = Murraya 

koenigii synthesized Zinc Oxide NP. 
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6.27 Rotenone-induced degeneration in the Drosophila eye 

In this study it was observed that the prominent dark area (degeneration) in ROT-treated 

Drosophila compared to control, DMSO, and zinc nitrate-treated flies which showed clear 

eyes. Different groups with ROT and plant-mediated ZnO-NPs demonstrate variable degrees 

of improvement as illustrated in Figure 6.23. Among the synthesized ZnO-NPs groups, 

ROT+MK-ZnO exhibits the minimum degeneration, followed by the ROT+UD-ZnO and 

ROT+MC-ZnO showed the greatest eye degeneration.  

Figure 6.23: Microscopic observations of Drosophila eyes exposed to ROT (500 µM) alone 

or in association with plant extracts (UD, MC, and MK) and their synthesized ZnO-NPs (UD-

ZnO, MC-ZnO, and MK-ZnO) for 48 h. The arrows demonstrates degeneration in the eyes of  

Drosophila melanogaster. Note: ROT (Rotenone), UD (Urtica dioica extract), UD-ZnO 

(Urtica dioica synthesized Zinc oxide NPs), MC (Matricaria chamomilla extract), MC-ZnO 

(Matricaria chamomilla synthesized Zinc oxide NPs), MK (Murraya koenigii extract), MK-

ZnO = Murraya koenigii synthesized Zinc oxide NPs. 
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6.28 Rotenone increased tau phosphorylation, amyloid aggregation, and α-synuclein 

expressions 

To further validate the neuroprotective properties of phyto-synthesized ZnO nanoparticles, we 

investigated whether there is an up or down regulation by detecting alterations in APP, tau, and 

α-synuclein in the third instar larvae of D. melanogaster (Oregon R+) exposed to rotenone. 

Amyloid aggregation refers to the accumulation of misfolded proteins, such as β-amyloid, into 

insoluble clumps or plaques. Tau is a protein involved in stabilizing microtubules, which are 

essential for maintaining the structure and function of nerve cells. In neurodegenerative 

diseases like AD, tau protein can become abnormally phosphorylated, leading to the formation 

of tau tangles. α-synuclein is a protein that is closely associated with Parkinson's disease and 

other synucleinopathies.  

Real-time Polymerase Chain Reaction (RT-PCR) gene expression studies was performed using 

GAPDH (159 bp) as the housekeeping gene and APP (215 bp), Tau (105 bp), and α-Syn (164 

bp) as the target genes as depicted in Figure 6.24. In case of APP gene, the maximum induction 

(P<0.05; 425.6% increase) was observed in larvae treated with ROT in comparison to control 

(98.5%), DMSO (97.6%), and zinc nitrate (98.3%), respectively.  Among the synthesized ZnO-

NPs groups, ROT+MK-ZnO NPs (99.8%) exhibits the minimum induction, followed by the 

ROT+UD-ZnO (110.25%) and ROT+MC-ZnO (162.32%) also showed the decrease in gene 

expression. Plant extracts such as ROT+UD (130.4%), ROT+MC (245.6%), and ROT+MK 

(105.3%) suppressed the APP mRNA expression as well. In terms of tau gene, the greatest 

induction (P<0.05; 429.48% increase) was seen in larvae treated with ROT compared to control 

(97.5%), DMSO (101.9%), and zinc nitrate (98.5%), respectively. Among the synthesised ZnO-

NPs groups, ROT+MK-ZnO NPs (98.5%) demonstrate the least induction, followed by 

ROT+UD-ZnO (140.6%) and ROT+MC-ZnO (174.6%). Plant extracts such as ROT+UD 

(246.1%), ROT+MC (325.1%), and ROT+MK (109.3%) also downregulated the tau mRNA 

expression. In case of α-synuclein, larvae treated with ROT demonstrated the increase in 

induction (P<0.05; 444.8% increase) compared to controls (101.5%), DMSO (98.6%), and zinc 

nitrate (100.5%), respectively. ROT+MK-ZnO NPs (101.2%) exhibit the least induction among 

the synthesised ZnO-NPs groups, followed by ROT+UD-ZnO (130.9%) and ROT+MC-ZnO 

(190.2%). Plant extracts like ROT+UD (140.3%), ROT+MC (306.2%), and ROT+MK 

(121.3%) also inhibited mRNA expression. 
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Figure 6.24: RT-PCR analysis of APP, Tau, and α-Syn mRNA in third instar larvae of 

Drosophila melanogaster (Oregon R+) exposed to ROT (500 µM) alone or in association with 

UD-ZnO, MC-ZnO, and MK-ZnO for 48 h. Panel (a) represents an agarose gel picture from 

one of the experiments. Lane 1 (control), lane 2 (DMSO), lane 3 (Zinc Nitrate), lane 4 

(Rotenone), lane 5 (ROT+UD), lane 6 (ROT+UD-ZnO NPs), lane 7 (ROT+MC), lane 8 

(ROT+MC-ZnO NPs), lane 9 (ROT+MK), lane 10 (ROT+MK-ZnO NPs), respectively. Panel 

(b) represents the quantification of  APP, Tau, and α-Syn mRNA expression levels (%) 

normalized to GAPDH. Data represent mean±SD (n=3); *P<0.05, **P<0.01, ***P<0.001 vs. 

untreated/control, DMSO or zinc nitrate control. # ascribed as significance at P<0.05, ##P<0.01, 
###P< 0.001 compared with 500 µM of rotenone. Note: ROT (Rotenone), UD (Urtica dioica 

extract), UD-ZnO (Urtica dioica synthesized Zinc oxide NPs), MC (Matricaria chamomilla 

extract), MC-ZnO (Matricaria chamomilla synthesized Zinc oxide NPs), MK (Murraya 

koenigii extract), MK-ZnO = Murraya koenigii synthesized Zinc oxide NPs. 
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Rotenone is a commonly used neurotoxin that causes pathological alterations which leads to 

mitochondrial dysfunction, oxidative stress, and neuronal damage, mimicking the features 

observed in neurodegeneration. Phyto-synthesized ZnO nanoparticles have been studied for 

their ability to inhibit the aggregation of Aβ, which is a key pathological feature of AD. These 

nanoparticles can interact with Aβ peptides, preventing their self-assembly into toxic oligomers 

and fibrils. This inhibition of Aβ aggregation can help reduce neuronal toxicity and synaptic 

dysfunction associated with AD. Tauopathies, including certain forms of dementia and 

frontotemporal dementia, are characterized by the abnormal aggregation and accumulation of 

hyperphosphorylated tau protein. Bio-synthesized ZnO nanoparticles demonstrated promise in 

reducing tau phosphorylation and stabilizing tau protein structure. These nanoparticles can 

potentially interfere with the pathological processes leading to tau aggregation, thereby 

mitigating neuronal damage and cognitive decline. PD is characterized by the degeneration of 

dopaminergic neurons and the presence of Lewy bodies, which are primarily composed of 

aggregated α-synuclein. Bioengineered ZnO nanoparticles have demonstrated anti-aggregation 

properties against α-synuclein, inhibiting its fibrillation and reducing cytotoxicity. These 

nanoparticles can also alleviate rotenone-induced oxidative stress and mitochondrial 

dysfunction, which are implicated in PD pathology. 

Overall, phyto-synthesized ZnO nanoparticles hold promise as potential neuroprotective agents 

against alterations caused by rotenone in neurodegeneration. These nanoparticles, due to their 

unique properties, can scavenge free radicals and reduce oxidative stress in neuronal cells. 

However, the research in this field is still evolving, and further studies are needed to better 

understand the mechanisms involved and assess the long-term safety and efficacy of these 

nanoparticles for neuroprotection. 
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DISCUSSION                                                                                                CHAPTER-7 

This study demonstrated the neuroprotective properties of green engineered zinc oxide 

nanoparticles (ZnO-NPs) of  Urtica dioica (UD-ZnO), Matricaria chamomilla (MC-ZnO), and 

Murraya koenigii (MK-ZnO) against rotenone-induced toxicities for the first time in a 

nontarget organism, D. melanogaster.  

Systemic administration of drug to the CNS (central nervous system) is a substantial obstacle, 

owing to their short half-life, considerable first-pass digestion, restricted accessibility to the 

brain, and potential adverse impact when accessing non-target peripheral organs (Mansor et 

al., 2019). As a result, developing systemic delivery mechanisms with higher potency is critical 

for CNS pharmacotherapy. Cholinesterase (ChE) inhibitors, tacrine, N-methyl-D-aspartate 

(NMDA) agonists in connection with Vitamin D, levodopa, or other dopaminergic agonists 

and memantine have never been utilized in conventional medicine or therapeutics to alleviate 

anything apart from motor symptoms by replenishing neurotransmitters (Nong et al., 2022). 

However, prolonged use of these medications can have substantial side effects, including other 

motor challenges (Nakmode et al., 2023). To stop or reduce the progression of numerous 

neurodegenerative disorders, researchers must create new natural neuroprotective agents due 

to the inadequacy of treatment medicines (Dunkel et al., 2012). By activating the 

Nrf2/Akt/PI3K cascade and eliminating free radicals, nutraceuticals and other phytonutrients 

have been proven to have protective benefits and to reduce the consequences of 

neurodegenerative conditions (Rahul and Siddique, 2021). It is noteworthy that the Ayurvedic 

medical system has well established benefits of UD, MC, and MK for improving cognition, 

memory, and learning. To our knowledge, this is the first study to compare the therapeutic 

value of plant extracts (UD, MC, and MK) and their biosynthesized ZnO-NPs against ROT-

induced toxicities in Drosophila. 

Plants possess a remarkable capacity to produce various compounds that act as antioxidants, 

helping to protect against reactive oxygen species. ROS are extremely reactive compounds that 

are produced as normal byproducts of cellular metabolism and can cause harm to cells and 

tissues if not properly managed (Pan et al., 2020). Antioxidants neutralize ROS by donating an 

electron or hydrogen atom, thereby stabilizing these reactive molecules and preventing them 

from causing oxidative damage (Diplock et al., 1988).  
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In this research, DPPH (2,2-diphenyl-1-picrylhydrazyl) and ABTS (2,2'-azino-bis(3-

ethylbenzothiazoline-6-sulfonic acid)) in vitro assays were used to measure the antioxidant 

activity of aqueous and ethanolic fractions of UD, MC, and MK plant extracts. The capacity of 

antioxidants to scavenge free radicals and diminish the colour intensity of the DPPH or ABTS 

radical, demonstrating their antioxidant potential, was used in these experiments. The results 

demonstrated that the ABTS activity in MK extracts did not differ significantly from the free 

radical scavenging potential measured by the DPPH assay because both of these assays use the 

same mechanism (single-electron transfer). Among the three different aqueous extracts, MK 

extract displayed the greatest scavenging activity with lowest EC50 values in the DPPH radical 

scavenging assay and as well as in the ABTS radical scavenging assay followed by UD extract 

and MC extract, as shown in Figure 6.1. 

In ethanolic extracts, the similar pattern was seen. Previous studies found that the MK fraction 

is high in phenolic components such as  flavonoids, tannins, and phenolic acids. These 

chemicals have antioxidant capabilities and can more effectively scavenge free radicals (Mitra 

et al., 2012). In investigations, MK extract has been shown to improve the activity of natural 

antioxidant enzymes such as SOD and CAT in various tissues (Yankuzo et al., 2011). By 

eliminating toxic ROS, these enzymes play a crucial role in oxidative damage defence (Mani 

et al., 2013). Rutin, caffeic acid, chlorogenic acid,  kaempferol, and quercetin are among the 

phenolic substances found in UD extract. These compounds have been shown to have 

antioxidant activity, which assists in eliminating free radicals and the decrease of oxidative 

damage. Earlier research revealed that the extract had significant antioxidant properties, as 

indicated by its ability to remove free radicals and prevent lipid peroxidation, a process that 

damages cell membranes (Vajic et al., 2018). Moreover, MC extract contains various bioactive 

compounds that contribute to its antioxidant properties, including flavonoids, terpenoids, and 

phenolic compounds. These compounds have been found to exhibit antioxidant effects in 

laboratory studies. The researchers discovered that the extract has strong antioxidant activities, 

as evidenced by the ameliorative effects of MC hydroalcoholic fraction on scopolamine 

exposed memory impairment in rats (Ionita et al., 2018).  

Additionally, chamomile's antioxidant activity might attribute to its anti-inflammatory 

qualities. Oxidative stress and inflammation are closely linked, and antioxidants can help 

reduce inflammation by neutralizing free radicals and modulating inflammatory pathways 

(Ranjbar et al., 2014). Ethanolic extracts of UD, MC, and MK were more potent in antioxidant 
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activity than aqueous extracts. This could be due to the aqueous solvent and extraction method 

used. Ethanol is often more efficient at extracting certain bioactive compounds compared to 

water, especially lipophilic compounds that may not be easily extracted using aqueous solvents 

alone (Biswas et al., 2012). 

Phenolic compounds are a diverse collection of chemical molecules with antioxidant 

characteristics. They are plentiful in plants and have been linked to a number of health 

advantages. Flavonoids are phenolic components that have anticancer, anti-inflammatory, and 

antioxidant activities (Razem et al., 2022). Total flavonoid content (TFC) and  total phenolic 

content (TPC)  assays were performed to evaluate the overall concentration of phenolic 

components and flavonoids in a given sample. In both aqueous and ethanolic fractions, the total 

concentration of TPC and TFC were highest in MK, followed by UD, and MC extract had the 

lowest TPC and TFC values. This could be due to the extraction solvent used, as ethanolic 

extraction solvent was previously regarded to be the best for extracting total flavonoids 

(Stalikas, 2007). UD has been extensively studied and has shown prominent results in the 

treatment of prostate enlargement (Bhusal et al., 2022), in preventing colon carcinogenesis in 

rats (Uyar et al., 2022), and in providing a protective effect against hyperglycemia (Chehri et 

al., 2022), hypertension (Ahmadipour and Khajali, 2019) and hypercholesterolemia (Samakar 

and Hosseinzadeh, 2022). Numerous studies have shown that MC counteracts diabetes by 

controlling GLP-1, which is essential for promoting insulin gene transcription (Perestrelo et 

al., 2022), and it might be used to treat lung cancer (Aida et al., 2021). Supplementation of MK 

leaves have been found to have a significant preventive effect against TCA-induced liver injury 

(Aniqa et al., 2022) and lung cancer (Mondal et al., 2022). Additionally, earlier research on the 

MK leaf fraction supports the finding of efficacy in the management of hyperglycemia 

(Rajkumar and Vinotha, 2022). Although UD, MC, and MK are used for some in vitro and in 

vivo investigations, there is little evidence for the effect of these three herbs on cellular and 

neurological complications. 

UV-Visible spectroscopy is an extensively utilised method to analyze the absorption and 

transmission of light in the ultraviolet (UV) and visible (Vis) regions of the electromagnetic 

spectrum by a substance, such as a plant extract. UV-Vis spectrum analysis was performed at 

intervals of 1 nm from 200 to 800 nm and revealed maximal absorption at 284 and 331 nm for 

UD, 267 and 326 nm for MC, and 286 and 317 nm for MK. The obtained UV-Visible spectrum 

of the plant extract represents the absorption or transmission pattern of light as a function of 
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wavelength. Different compounds present in the extract may exhibit characteristic absorption 

bands or peaks at specific wavelengths, allowing for the identification and analysis of those 

compounds (Zavoi et al., 2011). Peaks in crude extracts indicate the presence of a variety of 

ingredients or chemicals, particularly unsaturated bonds in conjugated or aromatic components. 

For example, various pigments, such as chlorophylls and carotenoids, present in plant extracts 

may exhibit distinctive absorption peaks in the visible region of the spectrum (Wyrostek et al., 

2020). 

The chemical structures of the bioactive elements in the plant fractions were determined using 

a fourier transform infrared spectrometer. In accordance with the peak intensity in the infrared 

radiation (IR) region. The specific wavenumbers and intensities were determined in the range 

of 4000-400 cm-1 (Al-Tameme et al., 2015). Both stretching and bending vibration assignments 

were compared to data from the literature. Figure 6.5 represents the FTIR spectrum of UD, 

MC, and MK extracts in the form of KBr pellets and shows the presence of phenols, alcohols, 

ketones, nitro compounds, esters, carboxylic acids, ethers, aliphatic fluoro, alkenes, and 

aromatic rings. The broad absorption bands observed at 3358.28, 3327.40, and 3307.88 cm-1 

can be attributed to the stretching of hydroxyl groups and H-bonding in alcohol or phenol 

groups (Qais et al., 2019). The weak absorption peaks in alkanes are detected at 2923.25, 

2921.90, and 2974.04 cm-1, which correspond to C–H stretching. N–H bends in primary amines 

are indicated by the high absorption peaks at 1698.70, 1622.77, 1601.79, and 1611.44 cm-1. C–

C stretching in aromatic groups is assigned to the medium peaks at 1455.85 and 1404.99 cm-1. 

The rocking of the methyl group was assigned to the vibrational absorption bands at 1399.89 

and 1396.51 cm-1. C-O stretching is represented by distinct bands at 1271.82 and 1275.04 cm-

1. The C–N stretch in aliphatic amines is assigned to the thin peaks at 1055.84, 1074.42, 

1043.61, and 1044.62 cm-1. The aromatic H out-of-plane bending has bands at 877.47, 720.06, 

659.68, and 620.82 cm-1 (Jiang et al., 2016). The obtained FTIR spectrum of the plant extract 

represents the absorption or transmission of infrared light as a function of wavelength or 

wavenumber. Different functional groups and chemical bonds present in the extract can absorb 

infrared light at characteristic frequencies, leading to specific peaks or bands in the spectrum. 

These peaks provide information about the chemical composition and molecular structure of 

the compounds present in the plant extract. 

HPLC is a widely used analytical technique for separating, identifying, and quantifying 

components in a plant extract. The existence of 25 chemicals in the ethanolic fractions of UD, 
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MC, and MK was identified using HPLC. In the UD ethanolic extract, three classes of phenols 

were characterized: anthocyanin compounds (rosinidin 3-O-rutinoside; peonidin 3-O-

rutinoside and peonidin 3-O-(6′-O-p-coumaroyl glucoside), hydroxycinnamic acid derivatives 

(p-coumaric acid; chlorogenic acid; caffeoylquinic acid; 2-O-caffeoylmalic acid), and 

flavonoids (rutin; isorhamnetin 3-O-rutinoside; kaempferol 3-O-glucoside; quercetin; p-

coumaroyl glucoside; kaempferol 3-O-rutinoside and quercetin 3-O-glucoside) as described 

earlier (Pinelli et al., 2008). The polyphenolic compounds found in the ethanolic fractions of 

MC flowers were identified by comparison with a previous document (Tsivelika et al., 2021). 

Our findings showed the existence of important constituents such as quercetin (quercetin-7-O-

β-glucoside; quercetin-3-O-β-rutinoside and quercetin-3-O-β-galactoside), apigenin (apigenin-

7-O-7-glucoside; apigenin-7-O-apiosyl-glucoside and apigenin-7-O-glucosyl-6'-acetate), 

luteolin (luteolin-7-O-β-glucoside; luteolin-4'-O-7-β-glucoside and luteolin-7-O-β-rutinoside), 

isorhamnetin (isorhamnetin-7-O-β-glucoside), patuletin (patuletin-7-O-β-glucoside), 

eupatoletin, astragalin, chrysosplenol and spinacetin (Nagappan et al., 2011). The MK 

ethanolic fraction was examined by HPLC-DAD, which permitted the identification of 

important components such as chlorogenic acid, quercitrin, citric acid, piperine, 7 p-coumaric 

acid, hesperidin, rutin, gallic acid, β-terpineol, ferulic acid, catechin, naringenin, D-α-pinene, 

di-α-phellandrene, dipentene, D-sabinene, caryophyllene, nicotinic acid, koenigine-quinone A 

and koenigine-quinone B (Ningappa and Srinivas, 2008). The HPLC data, including peak 

areas, retention times, and calibration curves, used for qualitative analysis of the plant extracts. 

Identification of compounds was done comparing retention times and spectral data with 

reference standards (rutin and quercetin) and published literature.  

Drug targeting and delivery of dietary antioxidants to the brain provides significant obstacles 

due to the BBB (blood-brain barrier) in treating oxidative stress-related disorders, particularly 

neurodegenerative diseases (Grewal et al., 2017). Therefore, we employed innovative 

nanotechnology-based method, such as nanoparticles as nanocarriers, to cross the BBB and 

deliver the proper dosage of drug/medicine to target brain area. 

Pure ZnO-NPs of high grade were synthesized by a completely green chemistry approach using 

UD (leaves), MC (flowers), and MK (leaves) fractions as a reducing agent and zinc nitrate 

hexahydrate (Zn(NO3)2) as the precursor. The green fabrication mechanism for the generation 

of ZnO nanoparticles based on plant phytochemicals that can function as capping and reducing 

agents to convert metal precursors into metal NPs (Ahmed et al., 2017). Phytochemicals, 
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although being antioxidants and non-toxic substances, may act as stabilising agents (Basnet et 

al., 2018). The major phytochemicals including methylxanthines, alkaloids, aldehydes, 

terpenoids, flavonoids, and phenolic acids that have attributed to the process of reduction. 

These phytoconstituents capping/reducing agents are found in variable amounts in diverse plant 

extracts (Aldalbahi et al., 2020). As a result, the content of plant extract has a substantial impact 

on the synthesis of NPs. Temperature, pH, metal salt concentration, contact duration, and 

phytochemical profile of plant extract all influence the production, stability, and formation of 

NPs. In order to stabilize the metal ions after being reduced by plant extracts, they will be 

encapsulated as an organic coating in three processes (Alhujaily et al., 2022). The activation 

phase involves reduction  of metal ion and the nucleation of reduced metal ions. The growing 

phase helps to keep nanoparticles stable. The growth phase contributes to the stability of 

nanoparticles. The NPs shapes are determined in the termination phase. Metal ions enter the 

phase of growth and stabilization through the action of phytochemicals (Agarwal and 

Shanmugam, 2020). 

The ZnO-NPs were fabricated in the form of pale yellow paste, which were calcinated at 400˚C 

to form powder and used for characterization. Their optical and structural properties were 

characterized through UV-Vis, FT-IR, XRD, DLS, EDS, SEM, Zeta size and potential in order 

to determine the agglomerated crystalline and hexagonal-shaped structure. The following 

techniques were used to analyze ZnO-NPs. 

The stability and synthesis of bio fabricated ZnO-NPs were confirmed by UV-visible 

spectroscopy investigation. The samples were dissolved in deionized water for this analysis. 

The UV-visible spectrum ranged from 200 to 800 nm. The absorption peaks for UD-ZnO, MC-

ZnO, and MK-ZnO NPs were obtained at wavelengths of 308, 319, and 305 nm, respectively. 

Barzinjy et al. (2020) claim that when the size of the NPs decreases, the absorption edge 

constantly shifts to a higher energy or lower wavelength. Previously, the peaks at 289-385 nm 

were recognised as the surface plasmon resonance of ZnO nanoparticles. The energy band gap 

is calculated from the UV-Vis graphs of UD-ZnO, MC-ZnO, and MK-ZnO NPs as 4.0, 3.8, and 

4.0eV, respectively. The mobility of the electronic cloud on the overall structure of the ZnO-

NPs may be responsible for the wide absorption band that extends towards longer wavelengths 

(Selim et al., 2020). The plant extract was also subjected to UV-vis analysis, and the findings 

revealed several peaks at various wavelengths between 200 and 350 nm. The plant fractions 

were found to contain proteins, reducing sugars and antioxidant molecules. These findings are 
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strikingly analogous to previous study (Al-Dhabi et al., 2018). In general, the considerably 

quick colour change and acute absorbance intensity shown in the initial few minutes of the 

procedure demonstrate the capabilities of the UD, MC, and MK fractions in ultra-fast 

nanoparticle production. 

The crystalline structure and phase fraction analyses of biogenic ZnO-NPs were determined 

using the X-ray diffraction method (Kiani et al., 2022). The diffraction pattern's peak locations 

were utilized to calculate the translational symmetry-size and shape of the unit cell. The 

diffraction peaks of biogenic ZnO-NPs were obtained for 2θ values at 31.7, 34.5, 36.4, 47.8, 

56.2, 62.5, 66.2, 67.6, 69.1, 72.9 and 77.2 corresponds to the plane of reflections for the values 

of (100), (002), (101), (102), (110), (103), (200), (112), (201), (004), and (202), respectively. 

These results exhibit distinct, strong peaks, which denotes that the biosynthesized ZnO-NPs 

are very pure and crystalline. The high intensity peak of ZnO-NPs from the XRD pattern at 

101 planes is recognised as the characteristic peak of UD-ZnO, MC-ZnO, and MK-ZnO NPs 

after comparison with the standard powder diffraction card of JCPDS. The purity of the 

synthesised ZnO-NPs is proven by the absence of additional diffraction peaks. Hence, the XRD 

analysis demonstrated that the reduction of metal ions by UD, MC, and MK plant fraction could 

result in the fabrication of ZnO-NPs with well-defined dimensions. Using the Debye-Scherrer 

equation, the average size of the biosynthesized UD-ZnO, MC-ZnO, and MK-ZnO NPs was 

determined as 42, 45, and 41 nm, respectively, which revealed that the nanoparticle has a 

spherical crystal structure. Earlier investigations on the green production of zinc oxide 

nanoparticles yielded similar X-ray diffraction patterns (Sana et al., 2020). 

The existence of bioactive functional groups involved in the conversion of Zn(NO3)2 to ZnO-

NPs was verified using FT-IR spectroscopy (Naseer et al., 2020). The results of the FTIR 

analysis suggest that the surface of the nanoparticles includes phytoconstituents such as 

glycosides, alkaloids, tannins, reducing sugars, ursolic acid, flavonoids, phenols, and others. 

The presence of phenolic and hydroxyl groups was suggested by the existence of wide energy 

bands between 3500-3200 cm-1, which are related to stretching of O-H group vibrations. The 

minor intensity peaks in the 2940-2970 cm-1 region might be attributed to stretching C-H 

alkaline vibrations, as well as other potential molecules. The bands detected at 2300-2370 cm-

1 might be explained by -C- stretching. There is a discernible N=O vibration in the 1660-1600 

cm-1 range. Absorption in this area, on the other hand, might indicate the existence of carbonyl 

groups. The energy bands seen at 1190-1100 cm-1 might be amine stretching. Si-o-Si stretching 
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protein vibrations might be responsible for the bands seen between 1096 and 1010 cm-1.The 

bands might be corresponded to a secondary amine activity at 867-800 cm-1. In addition, the 

weak energy bands that were caused by the stretching of the ZnO molecules at 697.28, 542.35, 

532.95  cm-1 allowed for greater detection of the generation of UD-ZnO, MC-ZnO, and MK-

ZnO NPs, respectively. The area that corresponds to metal-oxygen is between 400 and 600 cm-

1. Consequently, it can be concluded that reduction mechanism is responsible for the major 

chemical processes associated in the production of ZnO-NPs utilizing the aqueous extracts of 

UD, MC, and MK. Enzymes and phytochemicals found in biological materials have a 

contribution in converting metal compounds into nanoparticles (Cheema et al., 2022). These 

findings correlates to previously published report of ZnO NPs synthesis using leaf fraction of 

Olive (Hashemi et al., 2016). 

The stability of nanoparticles is a significant factor in determining their performance and 

potential applications. The long-term stability of phytosynthesized ZnO-NPs under varied 

fluctuation conditions was examined. Various spectrophotometric analysis revealed that the 

synthesis rate is directly proportional to the freshness of the sample and the amount of ZnO-

NPs solution. SEM revealed that a pH range of 8-10 produced tiny, stable particles with 

diameters ranging from 10 to 60 nm. The acidic pH of the reaction, on the other hand, produced 

minimally stable particles of uneven form and size, which lost their integrity on the tenth day 

of the experiment. In addition, a storage temperature of ≤5°C gives the optimum long-

term stability. Even after more than 2 months, the ZnO-NPs remained spherical, ultrafine (5-

20 nm), and stable without agglomeration. 

The size of the produced ZnO-NPs was measured using DLS. The particle size of bio-

fabricated ZnO-NPs varied from 10.63 nm to 90.37 nm, with an average size of 43.31 nm. The 

greatest and smallest sizes of the NPs were separated by a gap of 45.18 nm, showing that the 

distribution of ZnO-NPs was restricted. Furthermore, the zeta potential value was utilised to 

assess the nanoparticles' stability. It was discovered to be -19.2, -17.4, and -18.5 mV for UD-

ZnO, MC-ZnO, and MK-ZnO NPs, respectively, indicating excellent stability.  The ZnO-NPs 

have a negative surface charge because U. dioica, M. chamomilla, and M. koenigii extract 

compounds have a strong binding affinity for them, which increases their stability and reduces 

their tendency to aggregate. The finding coincides with the results that have previously been 

published (Barzinjy et al., 2020; Alyamani et al., 2021). 
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SEM is a surface optical analysis that can evaluate different particle size, formation, shape, 

density, and surface morphology of fabricated NPs at the nano and micro sizes (10-9 and 10-6, 

respectively) (Jones, 2012). According to the SEM pictures, some of the ZnO-NPs formed had 

spherical and hexagonal shapes, while others had irregular shapes. The ZnO-NPs were formed 

in a variety of shapes, some of which were spherical and hexagonal at different temperatures 

as shown in the SEM images and others of which were irregular. Different magnifications were 

used to examine the FE-SEM images. UD-ZnO, MC-ZnO, and MK-ZnO NPs have sizes 

ranging from 20 to 50 nm. The uneven shape of ZnO NPs may have been influenced by pH, 

temperature, and Zn(NO3)2 concentration (Gur et al., 2022). 

Energy Dispersive X-Ray Spectroscopy was used to determine the elemental composition of 

ZnO-NPs. Each element has a distinct atomic structure, which results in distinct peaks on the 

X-ray spectrum. On the EDX, the chemical component of the plant extract utilized as a 

reduction agent is the source of other elements such as oxygen and carbon. Zinc emits a strong 

signal in the EDX spectrum, while Cu, O, and K elements emit weak signals. These weak 

signals are the result of macromolecules such as enzymes, protein, and carbohydrates found in 

the plant fraction's cell wall emitting X-rays (Umar et al., 2018). 

The antioxidant abilities of green engineered UD-ZnO, MC-ZnO, and MK-ZnO NPs and their 

plant fractions were evaluated using the ABTS and DPPH free radical scavenging tests 

(Khaleghi et al., 2022). At different concentrations 0.1, 0.2, and 0.3 mg/mL the antioxidant 

potential was assessed. In case of DPPH, MK-ZnO NPs (72.3-92.5%) exhibited a greater 

capacity to scavenge free radicals than the UD-ZnO (68.4-81.9%) and MC-ZnO (54.1-72.7%) 

NPs. The ABTS test revealed a similar pattern, with biosynthesized MK-ZnO NPs (71.9-

93.4%) followed by UD-ZnO (64.6-84.5%) and MC-ZnO (52.7-78.9%) in terms of their ability 

to scavenge free radicals. ZnO-NPs from all three plants demonstrated the highest scavenging 

efficiency when compared to their aqueous extracts. The findings are contradictory since some 

studies found higher antioxidant activity in ZnO-NPs while others found the reverse. Given the 

huge number of research reporting both types of results, both outcomes seem possible. The 

finding suggests that the ABTS and DPPH radical scavenging activities were dose-

dependent as the concentration of biosynthesized ZnO-NPs increased, scavenging activities 

against both radicals were also increased (Tettey and Shin, 2019). 

To observe the anti-bacterial effects of biosynthesized ZnO-NPs, an experiment on E. coli and 

S. aureus was carried out. The zone of inhibition of UD-ZnO, MC-ZnO, and MK-ZnO NPs and 
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their efficiency in comparison to antibiotic (chloramphenicol) were the major considerations. 

The maximum inhibition zone of biosynthesized ZnO-NPs in case of E. coli  were observed in  

MK-ZnO NPs (1.5 cm) followed by UD-ZnO NPs (1.2 cm), and MC-ZnO NPs (1.0 cm). The 

similar pattern was observed in case of S. aureus, highest zone of inhibition was recorded in 

MK-ZnO NPs (1.7 cm) followed by UD-ZnO NPs (1.4 cm), and MC-ZnO NPs (1.4 cm). 

Although the mechanisms for delivering NPs into microbial cells have been identified, more 

research is still needed to determine exactly how nanoparticles interact with membrane 

receptors and efflux pumps to start antimicrobial activity (Happy et al., 2018). NPs can enter a 

cell in four ways: adhering to the membrane, destroying microbial DNA through the generation 

of ROS from Zn ions, tampering with ATP synthesis and replication of DNA from ionic forms 

of particles, and eventually creating thiols or phosphates from interactions with nucleic acid 

and amino acid moieties (Raghupathi et al., 2011). Nevertheless, the principal method through 

which ZnO acts with bacteria involves interfering with both capsule biosynthesis and central 

carbon metabolism. Greater zinc concentrations of ions in nanoforms reduce virulence by 

reducing the synthesis of hyaluronic acid capsules, which in turn inhibits numerous key 

enzymes that breakdown glucose and affects the development of carbon catabolic pathways 

(Aldeen et al., 2022). The green fabricated ZnO-NPs can be used for both diagnostic and 

therapeutic purposes for a variety of pathological diseases because to their promising 

properties. The destructive activity of UD-ZnO, MC-ZnO, and MK-ZnO NPs at minimum 

inhibitory levels for bacteria is most likely caused by its ability to damage cell membrane 

structures and permeability barriers with loss of chemiosmotic control. The finding corelates 

with the results that have previously been published (Azimpanah et al., 2022). 

Considering the general protective and cognitive effects of biosynthesized ZnO-NPs through 

UD, MC, and MK extracts that have been reported in the literature. In the present study, third 

instar larvae and freshly eclosed flies were treated with 500 µM ROT alone or in combination 

with biosynthesized ZnO-NPs and their UD, MC, and MK extracts for 24 h to 120 h. Following 

exposure, cytotoxicity assay (dye exclusion test), neurochemical assays (acetylcholinesterase 

and butrylcholinesterase inhibition assays), biochemical assays (CAT, SOD, LPO, PC, protein 

estimation and GSH), behavioral assays (climbing, memory, jumping and crawling assays) and 

molecular parameter (RT-PCR) were performed. ROT is a well-known generator of ROS, 

which cause cellular damage and eventually cause necrosis or programmed cell death. Due to 

a lack of an effective antioxidant system, the cell would not be able to handle the harm caused 

by ROS. L-DOPA appears to simply act as a dopamine precursor to restore endogenous 
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dopamine deficits, as previous studies have shown that feeding the drug to flies did not reduce 

cell loss (Javed et al., 2020). 

The dye exclusion test using trypan blue is a commonly used method to assess cell viability by 

distinguishing between live and dead cells. In the context, cytotoxicity of rotenone and its 

amelioration through green engineered ZnO-NPs was determined by dye exclusion test in 

whole larvae and tissues of ROT-exposed organisms. In 96% of the larvae treated to ROT, the 

whole larva and its tissues exhibited blue staining (salivary gland, midgut, brain ganglia, 

malpighian tubules, and gastric caeca). ROT co-exposed with MK-ZnO NPs demonstrated 

significantly less blue staining in the tissues mentioned above and the whole larvae when 

compared to ROT plus UD-ZnO and ROT plus MC-ZnO NPs groups, respectively. This 

conclusion is validated by a previous investigation that showed plant biomolecules 

significantly enhanced cell viability and attenuated DNA damage (Siima et al., 2020). Biogenic 

ZnO-NPs are protective due to the activation of antioxidant defence mechanisms or the 

presence of bioactive molecules that quench free radicals (Sehgal et al., 2011).  

The trypan blue staining principle  is based on the differential permeability of the cell 

membrane in living and dead cells. Trypan blue is a water-soluble dye that cannot penetrate 

living cells' undamaged cell membranes.  When the trypan blue solution is introduced to the 

cell suspension, the dye stays outside the cells and the stain is not taken up. As a result, when 

observed using a microscope, living cells seem translucent or with a light refractive appearance. 

However, the cell membrane loses its integrity in dead or injured cells, enabling trypan blue to 

enter the cell and stain its contents. The dye subsequently attaches to numerous internal 

components including proteins and nucleic acids, giving the cell a blue colour. Under the 

microscope, dead or non-viable cells show as blue-stained structures. 

Acetylcholinesterase (AChE) is a crucial enzyme of the cholinergic system that regulates 

physiological functions, including movement and memory (Chopra et al., 2022). By 

hydrolysing acetylcholine into choline and acetate, it inhibits cholinergic neurotransmission 

between synapses (Singh et al., 2022). In this study, it was observed that when the Drosophila 

larvae exposed to ROT for 24 hours showed a statistically significant (P<0.001) decrease in 

acetylcholinesterase activity compared to either DMSO or control, had ~68.91% reduced AChE 

levels. The level of AChE was enhanced when ROT was coexposed with MK-ZnO NPs and 

only 20.65% inhibition was evident. Comparing the ROT+UD-ZnO and ROT+MC-ZnO NPs 

groups to the control, the improvement in AChE levels was less prominent in both. After 48 
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hours, ROT alone exposed organisms had the highest amount of AChE inhibition compared to 

control larvae and the highest level of rescue from ROT-induced toxicity was seen in the 

ROT+MK-ZnO NPs group. Additionally, the ROT+UD-ZnO and ROT+MC-ZnO groups 

significantly had greater AChE levels than the ROT-treated group. According to obtained 

results, it suggests that the biosynthesized ZnO nanoparticles effectively enhanced the activity 

of AChE in Drosophila melanogaster that were exposed to rotenone. This implies that the 

phytosynthesized ZnO-NPs may have a protective effect on the nervous system by 

counteracting the inhibitory effects of rotenone on AChE activity, which is consisted with 

earlier studies (Ullah et al., 2022). Both plant-synthesized ZnO nanoparticles and plant extracts 

have the potential to rescue AChE inhibition, the effectiveness of each approach can vary 

depending on the specific application, the plant species involved, and the characteristics of the 

nanoparticles or extracts used (Akintunde et al., 2021). 

Butyrylcholinesterase is an enzyme found in the bloodstream and is responsible for the 

breakdown of certain chemicals called cholinesterase inhibitors, including acetylcholine (Singh 

et al., 2022). In this study, third instar larvae of Oregon R+ exposed to ROT for 24 hours 

revealed a statistically significant (P<0.001) reduction in butyrylcholinesterase activity as 

compared to either DMSO or control, with 66.31% lower BChE levels in the aforementioned 

group. When ROT and MK-ZnO NPs were co-exposed, these greater levels of 

butyrylcholinesterase were obviously significant when compared to ROT alone treated groups, 

with just 24.65% inhibition compared to control. Surprisingly, BChE levels improved 

significantly in the ROT plus UD-ZnO and ROT plus MC-ZnO NPs groups. Similar trend was 

observed after 48 hours, ROT-exposed organisms had the highest level of BChE inhibition 

compared to control/untreated larvae, whereas ROT + MK-ZnO NPs had the highest level of 

rescue from ROT-induced neurotoxicity followed by ROT plus UD-ZnO and ROT plus MC-

ZnO groups. Plant extracts also showed promising results against rotenone induced 

butyrylcholinesterase inhibition. Based on the obtained observations, it suggests that when 

rotenone was used to inhibit BChE activity, the presence of plant-synthesized ZnO 

nanoparticles enhanced the activity of BChE. This enhancement might imply that the ZnO-NPs 

have a protective or restorative effect on the BChE enzyme, potentially mitigating the 

inhibitory effects of rotenone (Akintunde et al., 2021). 

To understand the adverse consequences of rotenone, biochemical investigations were 

performed after 24 and 48 hours of administration. Rotenone is an inhibitor of mitochondrial 
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complex I that causes oxidative damage and affects the antioxidant defence mechanism. This 

can boost ROS levels and CAT activity, which is responsible for converting hydrogen peroxide 

(H2O2) into water (H2O) and molecular oxygen (O2). To investigate whether green ZnO-NPs 

could mitigate the rotenone-induced alterations in CAT assay were carried out in Drosophila. 

The catalase activity in the tissues of third instar larvae of Drosophila exposed to ROT (500 

µM) increased statistically significantly (P<0.001). When compared to the control group, the 

catalase activity of the larvae in the ROT group was increased after 24 hours. The lowest CAT 

activity was observed in ROT co-exposed with MK-ZnO NPs, followed by ROT+UD-ZnO 

NPs, and ROT+MC-ZnO NPs. Plant extracts (UD, MC, and MK) also shown promising effects 

in suppressing rotenone-induced CAT activity. Similar trend was observed after 48 hours, ROT 

co-exposed with MK-ZnO NPs showed a decrease in CAT activity, followed by ROT+UD-

ZnO, and ROT+MC-ZnO NPs (Figure 6.18-a). UD, MC, and MK extracts have been found to 

regulate the expression of genes involved in antioxidant defense, including CAT. This 

modulation of gene expression can help to normalize CAT activity in the presence of rotenone. 

Based on the data analysis, we conclude that green ZnO-NPs have a protective effect against 

rotenone-induced oxidative stress by restoring or enhancing the activity of these antioxidant 

enzymes. This outcome is consistent with earlier studies that showed pesticides decreased 

the  CAT activities in organisms (Rahimi et al., 2022). Biosynthesized ZnO nanoparticles 

possess antioxidant properties due to the presence of bioactive compounds derived from plants. 

These nanoparticles can scavenge reactive oxygen species and reduce oxidative stress. By 

reducing the burden of ROS, biosynthesized ZnO nanoparticles may help preserve the activity 

of catalase, allowing it to function more efficiently in breaking down hydrogen peroxide. 

The effects of green ZnO-NPs on rotenone-induced alterations to antioxidant enzymes, 

specifically SOD, in D. melanogaster have been studied. In this study, it was observed that 

SOD level increased considerably (P<0.05) in the tissues of third instar Drosophila larvae 

exposed to ROT (500 µM). After 24 hours, the SOD level of the larvae in the ROT group had 

risen than in the control group. ROT co-exposed with MK-ZnO NPs had the lowest 

SOD activity, followed by ROT+UD-ZnO NPs and ROT+MC-ZnO NPs. Plant extracts (UD, 

MC, and MK) have also been demonstrated to decrease rotenone-induced SOD activity. After 

48 hours, the similar trend was observed when compared to the control group, ROT exposure 

resulted in a substantial increase in SOD level in the larvae. ROT co-exposed with MK-ZnO 

NPs reduced SOD expression, followed by ROT+UD-ZnO NPs and ROT+MC-ZnO NPs 
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(Figure 6.18-b). UD, MC, and MK extracts also have been reported to affect the expression of 

antioxidant defence genes such as SOD. Biosynthesized ZnO-NPs can potentially activate 

cellular defense mechanisms, including the antioxidant response pathway (Erfani et al., 2021). 

This activation can lead to the upregulation of SOD synthesis and increased levels of the 

enzyme in cells. 

Lipid peroxidation is a process where ROS attack and damage lipids, leading to the generation 

of lipid peroxides. This assay helps assess oxidative stress and lipid damage in various 

biological systems. In this research, MDA level was significantly higher (P<0.001) in the 

tissues of third instar Drosophila larvae exposed to ROT (500 µM). After 24 hours, the MDA 

level in the ROT group was higher than in the control group. The lowest MDA concentration 

was found in ROT co-exposed with MK-ZnO NPs, followed by ROT+UD-ZnO NPs and 

ROT+MC-ZnO NPs. Plant extracts (UD, MC, and MK) reduced rotenone-induced MDA level 

as well. After 48 hours, when compared to the control group, ROT exposure resulted in a 

significant rise in MDA levels in the larvae. MDA expression was decreased when ROT was 

co-exposed with MK-ZnO NPs, followed by ROT+UD-ZnO NPs and ROT+MC-ZnO NPs. 

UD, MC, and MK extracts all showed improved effects on the reduction of lipid peroxidation 

induced by rotenone. Plant-derived ZnO-NPs demonstrated the enhanced protective effect 

against lipid peroxidation. ZnO-NPs possess intrinsic antioxidant properties and can scavenge 

ROS. By reducing oxidative stress, these nanoparticles can help mitigate the generation of lipid 

peroxides, thereby lowering LPO levels. Phyto-synthesized nanoparticles can act as free radical 

scavengers, neutralizing reactive free radicals that contribute to lipid peroxidation (Bahr et al., 

2020). By capturing and detoxifying these radicals, the nanoparticles can help protect lipids 

from oxidative damage and inhibit the process of lipid peroxidation. 

Protein carbonylation occurs when reactive species attack proteins, leading to the formation of 

carbonyl groups on specific amino acid residues, such as lysine, arginine, proline, and 

threonine. The quantification of protein carbonyl content is a widely used assay to assess 

protein oxidation and oxidative stress levels in tissue homogenate. In this work, PC content 

was significantly increased (P<0.001) in the tissues of third instar larvae of D. melanogaster 

exposed to ROT (500 µM). After 24 hours, the PC concentration in the ROT group was higher 

than in the control group. The reduced PC concentration was found in ROT co-exposed with 

MK-ZnO NPs, followed by ROT+UD-ZnO NPs and ROT+MC-ZnO NPs. Plant extracts (UD, 

MC, and MK) reduced rotenone-induced PC level as well. After 48 hours, when compared to 
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the control group, ROT exposure resulted in a significant rise in PC level in the larvae. PC 

expression was decreased when ROT was co-exposed with MK-ZnO NPs, followed by 

ROT+UD-ZnO NPs and ROT+MC-ZnO NPs. UD, MC, and MK extracts all showed improved 

effects on the reduction of protein carbonyl induced by rotenone. Green ZnO-NPs, with their 

intrinsic antioxidant properties, may have the potential to scavenge ROS and reduce oxidative 

stress (Sengani et al., 2023). This reduction in oxidative stress could potentially result in the 

decreased formation of protein carbonyls induced by rotenone. 

Rotenone can affect dopaminergic neurons in Drosophila. Dopamine-related proteins, such as 

tyrosine hydroxylase (TH) or dopamine transporters, may be altered in response to rotenone 

exposure, potentially leading to changes in protein concentration. After 24 hours, the total 

protein concentration in the larval tissues (3rd instar) of Drosophila exposed to ROT (500 µM) 

decreased statistically significantly (p<0.001), when compared to the control and vehicular 

control (DMSO) groups. The highest protein content was determined in ROT co-exposed with 

MK-ZnO, followed by ROT plus UD-ZnO, and the least in ROT plus MC-ZnO. Similar pattern 

was observed after 48 hours, the ROT exposure has reduced the total protein concentration in 

the larvae compared to the untreated/control group. ROT co-exposed with MK-ZnO NPs 

showed an increase in protein concentration, then by ROT plus UD-ZnO, and ROT plus MC-

ZnO NPs. This outcome is consistent with earlier studies that showed pesticides decreased 

the  protein concentration in organisms (Pandareesh et al., 2016). The secondary metabolites 

found in plants that function as free radical scavengers, especially against oxygen radicals, and 

inhibit SH-group oxidation could be the protective mechanism of plant-derived ZnO-NPs 

(Gülçin et al., 2012). 

The assay for reduced GSH is a commonly used method to measure the level of GSH, a vital 

antioxidant molecule, in tissue homogenate. GSH plays a crucial role in cellular defense against 

oxidative stress and is involved in various metabolic processes. The glutathione content in the 

tissues of third instar larvae of Drosophila exposed to ROT (500 µM) decreased statistically 

significantly (P<0.001). When compared to the control group, the GSH concentration of the 

larvae in the ROT group was reduced after 24 hours. Among the ZnO-NPs synthesized groups, 

the highest GSH content was observed in ROT co-exposed with MK synthesized ZnO NPs, 

followed by ROT plus UD-ZnO NPs, and the lowest in ROT plus MC-ZnO NPs. Plant extracts 

such as UD, MC, and MK also enhanced GSH concentration as well. After 48 hours, the ROT 

exposure has reduced the GSH content in the larvae compared to the control group. ROT co-
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exposed with MK synthesized ZnO NPs showed an increase in GSH concentration, followed 

by ROT plus UD-ZnO, and ROT plus MC-ZnO NPs. This outcome is consistent with earlier 

studies that showed pesticides decreased the GSH concentration in organisms. Plant-

synthesized ZnO nanoparticles exhibit antioxidant properties due to the presence of bioactive 

compounds derived from plants (Sehgal et al., 2012). These nanoparticles can scavenge 

harmful free radicals and reduce oxidative stress, which in turn can help preserve the level of 

GSH in the body. 

The behaviour of an organism reflects its usual physiological function. The ability of an 

organism to climb can be indicative of its physical strength, coordination, and overall health. 

If an organism is experiencing physiological disruptions or impairment due to the presence of 

rotenone or any other factor, it may exhibit reduced climbing behavior. For example, if rotenone 

inhibits the organism's motor functions or causes muscle weakness, it may struggle to climb or 

show a decrease in climbing activity. In this study, the highest climbing potential was shown 

by the control, DMSO, and zinc nitrate-treated flies in 30 seconds. The maximum decrease was 

detected in ROT-treated Drosophila, and flies had trouble to climb the walls of cylinder. 

Different groups with ROT and plant-mediated ZnO-NPs demonstrate variable degrees of 

improvement in their climbing abilities. The ability of flies to ascend was increased by all green 

ZnO-NPs as illustrated in Figure 6.21-a. Among the synthesized ZnO-NPs groups, ROT plus 

MK-ZnO NPs exhibits the minimum reduction, followed by the ROT plus UD-ZnO and ROT 

plus MC-ZnO showed the greatest reduction in climbing activity. Obtained results suggests 

that plant extracts as well as their synthesized ZnO-NPs effectively protected flies from 

deteriorating locomotor dysfunctions, indicating that they might be able to defend by 

replenishing the dopamine pool at the mitochondrial level (Riemensperger et al., 2013). Green 

engineered ZnO-NPs modulated and enhanced neuromuscular function, improved muscle 

strength, coordination, and overall climbing performance. 

Rotenone exposure has been associated with impaired memory function in various organisms. 

Memory deficits can manifest as difficulty in learning new tasks, impaired spatial memory, or 

reduced ability to recall previously learned information. Rotenone's impact on memory is 

thought to be related to its effects on the central nervous system, particularly the dopaminergic 

system and mitochondrial function. In this observation, the highest memory ability was shown 

by the control, DMSO, and zinc nitrate-treated flies. The greatest reduction was reported in 

ROT-treated Drosophila, and flies were observed moving randomly at the T-point of the 
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apparatus, and the flies were sluggish enough to reach the T-point. The ability of flies to 

memorize was increased by all green ZnO-NPs as illustrated in Figure 6.21-b. Among the 

synthesized ZnO-NPs groups, ROT plus MK-ZnO NPs exhibits the minimum reduction, 

followed by the ROT plus UD-ZnO  and ROT plus MC-ZnO showed the greatest reduction in 

memory ability. Obtained results suggests that plant extracts as well as their synthesized ZnO-

NPs enhanced memory in Drosophila melanogaster that had been exposed to rotenone. Plant-

synthesized ZnO-NPs with antioxidant properties can scavenge harmful reactive oxygen 

species and reduce oxidative damage, potentially preserving neuronal health and supporting 

memory processes (Amara et al., 2015). 

Jumping is a complex motor activity that requires coordination, muscle strength, and agility. 

Similar to climbing, an organism's ability to jump can reflect its physiological condition 

(Teixeira et al., 2022). If an organism is affected by rotenone, which can interfere with 

neuromuscular function, it may display reduced jumping ability or exhibit altered jumping 

patterns. The considerable reduction in jumping behaviour in exposed organisms, which was 

followed by an inhibition of AChE activity, demonstrated the pesticide's detrimental 

consequences on the organism. Poor locomotor activity has previously been identified as a 

symptom of AChE activity inhibition. The maximum rescue was demonstrated by ROT plus 

MK-ZnO, followed by ROT plus UD-ZnO and ROT plus MC-ZnO NPs. The observations 

support previous studies that plant nanoparticles have the capacity to biosynthesize several 

non-enzymatic antioxidants that can decrease ROS-induced oxidative damage (Ren et al., 

2021). Plant-synthesized ZnO-NPs modulated and enhanced the signaling and connectivity at 

the neuromuscular junction, potentially improved jumping performance (Sehgal et al., 2013). 

Crawling is a fundamental motor behavior, especially in early developmental stages of 

organisms. Rotenone exposure can disrupt motor coordination, muscle function, and neural 

pathways involved in controlling movement (Adedara et al., 2022). As a result, organisms 

exposed to rotenone may exhibit difficulty in crawling, such as reduced mobility, slower 

crawling speed, or impaired coordination of limb movements. The basic behaviour of 

Drosophila larval crawling enables us to examine the involvement of genes in the specification 

of neurons in the entire organism as well as the functions of those neurons. The control, DMSO, 

and zinc nitrate-treated larvae had the highest level of crawling activity in 1 minute. The largest 

reduction was seen in Drosophila treated with ROT, and flies had difficulty crawling on petri 

plates. Different ROT and plant-mediated ZnO-NP groups exhibit varying degrees of 
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improvement in their ability to crawl. All green ZnO-NPs improved the ability of larvae to 

crawl appropriately, as shown in Figure 6.22-b. In this study, it was observed that the crawling 

ability was highly rescued  in ROT plus MK-ZnO NPs), followed by ROT plus UD-ZnO, and 

ROT plus MC-ZnO among the synthesised ZnO-NPs groups. Phytosynthesized ZnO-NPs 

possess unique properties that can be utilized for targeted delivery of therapeutic agents or 

enhancing the efficacy of crawling ability. Plant-synthesized ZnO-NPs modulated neural 

communication pathways and improved the connectivity and signaling within the nervous 

system (Bell et al., 2015). This potentially enhanced motor coordination and crawling ability 

(Nitta and Sugie, 2022). 

To investigate whether there is any change in the size or shape of the Drosophila eyes treated 

with rotenone (500 µM) alone or in association with UD-ZnO, MC-ZnO, and MK-ZnO and 

their plant extracts for 48 h, eye imaging under stereo zoom microscope was done. In this study 

it was observed that the prominent dark area (degeneration) in ROT-treated Drosophila 

compared to control, DMSO, and zinc nitrate-treated flies which showed clear eyes. Different 

groups with ROT and plant-mediated ZnO-NPs demonstrate variable degrees of improvement 

as illustrated in Figure 6.23. Among the synthesized ZnO-NPs groups, ROT plus MK-ZnO 

exhibits the minimum degeneration, followed by the ROT plus UD-ZnO and ROT plus MC-

ZnO showed the greatest eye degeneration. Plant-synthesized ZnO nanoparticles with 

antioxidant properties can scavenge harmful reactive oxygen species  and protect cells from 

oxidative damage, potentially slowing down the degenerative process and preserving visual 

function. The observations support previous studies that plant based ZnO-NPs can potentially 

enhance tissue regeneration and repair in the eye (Varga et al., 2014). By stimulating cellular 

proliferation, migration, and differentiation, these nanoparticles may contribute to the 

restoration of damaged tissues and the recovery of visual function. 

To further understand the underlying mechanisms of rotenone-induced degeneration, we 

performed molecular analyses, such as gene expression profiling, to identify changes in 

specific genes or signaling pathways associated with the degenerative process. RT-PCR 

(Reverse Transcription Polymerase Chain Reaction) was carried out to analyze the expression 

levels of genes such as tau, amyloid precursor protein, and α-synuclein. The dysregulation of 

APP, tau, and α-Syn expressions has been strongly implicated in the pathogenesis of 

neurological diseases (AD and PD) and can contribute to the process of neurodegeneration. 

The accumulation and aggregation of APP can lead to the formation of amyloid-β plaques, a 
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hallmark pathology in AD. Increased APP expression induced by rotenone suggests a 

significant role in promoting the amyloidogenic pathway and the progression of AD pathology 

(Yang et al., 2022). Rotenone exposure has also been associated with the upregulation and 

hyperphosphorylation of tau protein. Tau is normally involved in stabilizing microtubules in 

neurons, but abnormal phosphorylation can lead to the formation of NFTs, a characteristic 

feature of tauopathies such as AD (Iqbal et al., 2005). The upregulation of tau protein induced 

by rotenone suggests a potential contribution to tau pathology and neurodegeneration. Alpha-

synuclein aggregates are a pathological hallmark of PD and other synucleinopathies (Xu and 

Pu, 2016). The upregulation of alpha-synuclein by rotenone suggests its involvement in the 

neurodegenerative processes associated with Parkinson's disease (Rocha et al., 2018). 

RT-PCR gene expression studies was performed using GAPDH (159 bp) as the housekeeping 

gene, whereas APP (215 bp), Tau (105 bp), and α-Syn (164 bp) as the target genes. In case of 

APP gene, the maximum upregulation (P<0.05) was observed in larvae treated with ROT in 

comparison to control, DMSO, and zinc nitrate, respectively.  Among the biosynthesized ZnO-

NPs groups, ROT plus MK-ZnO NPs exhibits the minimum induction, followed by the ROT 

plus UD-ZnO and ROT plus MC-ZnO also showed the decrease in gene expression. Plant 

extracts such as ROT plus UD, ROT plus MC, and ROT plus MK suppressed the APP mRNA 

expression as well. In terms of tau gene, the greatest upregulation (P<0.05) was seen in larvae 

treated with ROT compared to control, DMSO, and zinc nitrate, respectively. 

Among the synthesised ZnO-NPs groups, ROT plus MK-ZnO NPs demonstrated the least 

induction, followed by ROT plus UD-ZnO and ROT plus MC-ZnO. Plant extracts such as ROT 

plus UD, ROT plus MC, and ROT plus MK  also downregulated the tau mRNA expression. In 

case of α-Syn, larvae treated with ROT demonstrated the maximum upregulation (P<0.05) 

compared to control, DMSO, and zinc nitrate, respectively. ROT plus MK-ZnO NPs exhibited 

the least induction among the synthesised ZnO-NPs groups, followed by ROT plus UD-ZnO 

and ROT plus MC-ZnO. Plant extracts like ROT plus UD, ROT plus MC, and ROT plus MK 

also inhibited mRNA expression. The results suggests that biosynthesized ZnO-NPs have 

demonstrated promise in modulating the expressions of APP, tau, and α-Syn, which are 

involved in neurodegenerative diseases.  The finding coincides with the results that have 

previously been published (Kim et al., 2017). These nanoparticles may possess properties that 

inhibit the aggregation of APP, tau, and α-Syn proteins. By preventing or reducing the 
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formation of protein aggregates, these nanoparticles could potentially help decrease the 

expressions of these disease-related proteins.  

Altogether, the present work showed the comparative efficacy of biosynthesized ZnO-NPs 

against microorganisms (E. coli and S. aureus), in addition to the nontarget organism 

Drosophila at neuronal, organismal, cellular, and molecular levels. The synthesized ZnO 

nanoparticles were analyzed using SEM, UV-Vis, XRD, DLS, EDX, FT-IR, and Zeta potential 

techniques. The bio-fabricated ZnO-NPs  using extracts of the selected plants have been found 

to showed more intensified antioxidant and antibacterial properties as compared to plant 

extracts.  A short-term dietary administration of UD-ZnO, MC-ZnO, and MK-ZnO NPs to D. 

melanogaster has the potential to reduce ROT-induced oxidative stress, improve locomotion, 

restore AChE levels, downregulated APP, tau, and α-Syn expressions provided as evidence of 

their neuroprotective properties. The limitations of conventional drug administration are 

dramatically improved by the green synthesis of ZnO-NPs with drug targeting, sustained 

release, and significantly increased bioavailability of drugs. More investigation is required to 

elucidate and mediate the mechanisms by which the blood-brain barrier is crossed, as well as 

to improve the efficiency of nanotechnology-based brain delivery techniques. 
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SUMMARY AND CONCLUSION                                                               CHAPTER-8 

The homeostasis among both antioxidants and oxidants regulates the redox status of cells. Any 

imbalance between these two that can result in necrosis or apoptosis determines the oxidative 

status of the cell. The key factor contributing to the increased oxidative stress sensitivity of 

brain cells is ROS. It leads to dreaded conditions including neurodegenerative diseases. 

Systemic administration of drug to the CNS  is a substantial obstacle, owing to their short half-

life, considerable first-pass digestion, restricted accessibility to the brain, and potential adverse 

impact when accessing non-target peripheral organs. As a result, developing systemic delivery 

mechanisms with higher potency is critical for CNS pharmacotherapy. Cholinesterase (ChE) 

inhibitors, tacrine, N-methyl-D-aspartate (NMDA) agonists in connection with Vitamin D, 

levodopa, or other dopaminergic agonists and memantine have never been utilized in 

conventional medicine or therapeutics to alleviate anything apart from motor symptoms by 

replenishing neurotransmitters. However, prolonged use of these medications can have 

substantial side effects, including other motor challenges. To stop or reduce the progression of 

numerous neurodegenerative disorders, researchers must create new natural neuroprotective 

agents due to the inadequacy of treatment medicines. By activating the Nrf2/Akt/PI3K cascade 

and eliminating free radicals, nutraceuticals and other phytonutrients have been proven to have 

protective benefits and to reduce the consequences of neurodegenerative conditions. The 

Ayurvedic medicinal system has long employed the plants UD (Urtica dioica), MC (Matricaria 

chamomilla), and MK (Murraya koenigii) as well-known nerve relaxants and cognition 

boosters. These three herbs include phytochemicals with proven protective properties, 

including quercetin, alkaloids, vitamins, and polyphenols. Drug targeting and delivery of 

dietary antioxidants to the brain provides significant obstacles due to the BBB in treating 

oxidative stress-related disorders, particularly neurodegenerative diseases. Novel approaches 

for the improved crossing of the BBB must be developed in order to progress in the effective 

therapies.  

Nanotechnology holds significant ameliorative potential against neurodegenerative diseases as 

it can protect the therapeutic substance and allow for its sustained release. This study 

demonstrated that pure ZnO-NPs of magnificent quality were fabricated utilising zinc nitrate 

hexahydrate as the metal precursor and plant (UD, MC, and MK) extracts as the reducing 

agents against bacteria (Staphylococcus aureus and Escherichia coli) and against rotenone-

induced toxicities in D. melanogaster for the first time. Their optical and structural properties 
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were analyzed through DLS, FT-IR, XRD, EDS, SEM, UV-Vis, and Zeta potential in order to 

evaluate the agglomerated crystalline and hexagonal-shaped structure with an average diameter 

of 20-40 nm. The antioxidant and antimicrobial properties of fabricated ZnO NPs were 

evaluated employing  cell free models (DPPH and ABTS), and well diffusion method, 

respectively. The rotenone (500 µM) was administered to Drosophila third instar larvae, and 

freshly emerged flies for 24-120 hours, either alone or in combination with biogenic ZnO-NPs. 

A comparative study on the protective properties of synthesized NPs was undertaken against 

rotenone-induced toxicities. Following exposure, dye exclusion assay (cytotoxicity test), 

neurochemical assays (acetylcholinesterase and butrylcholinesterase inhibition analyses), 

biochemical assessments (CAT, SOD, LPO, PC, protein estimation and GSH), behavioral 

assays (climbing, memory, jumping and crawling assays) and molecular parameter (RT-PCR) 

were carried out. RT-PCR gene expression studies was performed using GAPDH (159 bp) as 

the housekeeping gene, whereas APP (215 bp), Tau (105 bp), and α-Syn (164 bp) as the target 

genes. Rotenone exposure has been associated with the upregulation of APP, α-Syn, and tau 

protein.  The findings revealed that among the plant derived ZnO-NPs, MK-ZnO NPs exhibit 

strong anti-microbial and antioxidant activities followed by UD-ZnO NPs, and MC-ZnO NPs. 

In this regard, ethno-nano medicinal therapeutic uses mimic the similar effects in D. 

melanogaster by suppressing (p<0.05) oxidative stress and counteracting the inhibitory 

properties of rotenone on neurochemical activities (BChE and AChE activity). Biosynthesized 

ZnO-NPs have demonstrated tremendous effects in modulating the aggregates of APP, tau, and 

α-Syn expressions, which are involved in neurodegenerative pathologies. Plant-derived ZnO-

NPs showed the enhanced protective effects against oxidative stress by restoring biochemical 

parameters (CAT, SOD, LPO, PC, GSH and proteotoxicity activity). By reducing  cellular 

toxicity (trypan blue), these nanoparticles possess intrinsic antioxidant properties and can help 

mitigate the generation of ROS. ZnO-NPs effectively protected flies from deteriorating 

locomotor dysfunctions, indicating that they might be able to defend by replenishing the 

dopamine pool at the mitochondrial level. These nanoparticles modulated and enhanced 

neuromuscular function, improved muscle strength, coordination, supporting memory 

processes, and overall climbing performance. These findings suggest that green engineered 

ZnO-NPs have potential to significantly enhance outcomes, with the promise of effective 

neurodegenerative therapy and could be used as great alternative for clinical development.  

  



 

174 
 
 

 

 

 

reFerenCeS 

 

 

 

 
  



 

175 
 
 

REFERNCES 

Aarsland D. (2016). Cognitive impairment in Parkinson's disease and dementia with 

Lewy bodies. Parkinsonism & Related Disorders, 22 Suppl 1, S144–S148. 

https://doi.org/10.1016/j.parkreldis.2015.09.034 

Abdelbaky, A. S., Abd El-Mageed, T. A., Babalghith, A. O., Selim, S., & Mohamed, A. 

M. H. A. (2022). Green Synthesis and Characterization of ZnO Nanoparticles 

Using Pelargonium odoratissimum (L.) Aqueous Leaf Extract and Their 

Antioxidant, Antibacterial and Anti-inflammatory Activities. Antioxidants 

(Basel, Switzerland), 11(8), 1444. https://doi.org/10.3390/antiox11081444 

Abomuti, M. A., Danish, E. Y., Firoz, A., Hasan, N., & Malik, M. A. (2021). Green 

Synthesis of Zinc Oxide Nanoparticles Using Salvia officinalis Leaf Extract and 

Their Photocatalytic and Antifungal Activities. Biology, 10(11), 1075. 

https://doi.org/10.3390/biology10111075 

Abramov, A. Y., Potapova, E. V., Dremin, V. V., & Dunaev, A. V. (2020). Interaction of 

Oxidative Stress and Misfolded Proteins in the Mechanism of 

Neurodegeneration. Life (Basel, Switzerland), 10(7), 101. 

https://doi.org/10.3390/life10070101 

Abul, S. B., Dhanushkodi, N. R., Ardah, M. T., Chen, W., & Haque, M. E. (2018). 

Silencing of Glucocerebrosidase Gene in Drosophila Enhances the Aggregation 

of Parkinson's Disease Associated α-Synuclein Mutant A53T and Affects 

Locomotor Activity. Frontiers in Neuroscience, 12, 81. 

https://doi.org/10.3389/fnins.2018.00081 

Adams, C., Thapa, S., & Kimura, E. (2019). Determination of a plant population density 

threshold for optimizing cotton lint yield: A synthesis. Field Crops 

Research, 230, 11-16. https://doi.org/10.1016/j.fcr.2018.10.005 

Adedara, A. O., Otenaike, T. A., Olabiyi, A. A., Adedara, I. A., & Abolaji, A. O. (2023). 

Neurotoxic and behavioral deficit in Drosophila melanogaster co-exposed to 

rotenone and iron. Metabolic Brain Disease, 38(1), 349–360. 

https://doi.org/10.1007/s11011-022-01104-3 

Agarwal, H., & Shanmugam, V. (2020). A review on anti-inflammatory activity of green 

synthesized zinc oxide nanoparticle: Mechanism-based approach. Bioorganic 

Chemistry, 94, 103423. https://doi.org/10.1016/j.bioorg.2019.103423 

Ahmadipour, B., & Khajali, F. (2019). Expression of antioxidant genes in broiler 

chickens fed nettle (Urtica dioica) and its link with pulmonary 

hypertension. Animal Nutrition (Zhongguo xu mu shou yi xue hui), 5(3), 264–269. 

https://doi.org/10.1016/j.aninu.2019.04.004 

Ahmed, S., Annu, Chaudhry, S. A., & Ikram, S. (2017). A review on biogenic synthesis 

of ZnO nanoparticles using plant extracts and microbes: A prospect towards green 

chemistry. Journal of Photochemistry and Photobiology. B, Biology, 166, 272–

284. https://doi.org/10.1016/j.jphotobiol.2016.12.011 

https://doi.org/10.1016/j.parkreldis.2015.09.034
https://doi.org/10.3390/antiox11081444
https://doi.org/10.3390/biology10111075
https://doi.org/10.3390/life10070101
https://doi.org/10.3389/fnins.2018.00081
https://doi.org/10.1016/j.fcr.2018.10.005
https://doi.org/10.1007/s11011-022-01104-3
https://doi.org/10.1016/j.bioorg.2019.103423
https://doi.org/10.1016/j.aninu.2019.04.004
https://doi.org/10.1016/j.jphotobiol.2016.12.011


 

176 
 
 

Ahmed, S., Annu, Ikram, S., & Yudha S, S. (2016). Biosynthesis of gold nanoparticles: 

A green approach. Journal of Photochemistry and Photobiology. B, Biology, 161, 

141–153. https://doi.org/10.1016/j.jphotobiol.2016.04.034 

Aida, R., Hagiwara, K., Okano, K., Nakata, K., Obata, Y., Yamashita, T., Yoshida, K., & 

Hagiwara, H. (2021). miR-34a-5p might have an important role for inducing 

apoptosis by down-regulation of SNAI1 in apigenin-treated lung cancer 

cells. Molecular Biology Reports, 48(3), 2291–2297. 

https://doi.org/10.1007/s11033-021-06255-7 

Akinade, T. C., Babatunde, O. O., Adedara, A. O., Adeyemi, O. E., Otenaike, T. A., 

Ashaolu, O. P., Johnson, T. O., Terriente-Felix, A., Whitworth, A. J., & Abolaji, 

A. O. (2022). Protective capacity of carotenoid trans-astaxanthin in rotenone-

induced toxicity in Drosophila melanogaster. Scientific Reports, 12(1), 4594. 

https://doi.org/10.1038/s41598-022-08409-4 

Akintunde, J. K., Farai, T. I., Arogundade, M. R., & Adeleke, J. T. (2021). Biogenic zinc-

oxide nanoparticles of Moringa oleifera leaves abrogates rotenone induced 

neuroendocrine toxicity by regulation of oxidative stress and acetylcholinesterase 

activity. Biochemistry and Biophysics Reports, 26, 100999. 

https://doi.org/10.1016/j.bbrep.2021.100999 

Aldalbahi, A., Alterary, S., Ali Abdullrahman Almoghim, R., Awad, M. A., Aldosari, N. 

S., Fahad Alghannam, S., Nasser Alabdan, A., Alharbi, S., Ali Mohammed 

Alateeq, B., Abdulrahman Al Mohsen, A., Alkathiri, M. A., & Abdulrahman 

Alrashed, R. (2020). Greener Synthesis of Zinc Oxide Nanoparticles: 

Characterization and Multifaceted Applications. Molecules (Basel, 

Switzerland), 25(18), 4198. https://doi.org/10.3390/molecules25184198 

Aldaz, T., Nigro, P., Sánchez-Gómez, A., Painous, C., Planellas, L., Santacruz, P., 

Cámara, A., Compta, Y., Valldeoriola, F., Martí, M. J., & Muñoz, E. (2019). Non-

motor symptoms in Huntington's disease: a comparative study with Parkinson's 

disease. Journal of Neurology, 266(6), 1340–1350. 

https://doi.org/10.1007/s00415-019-09263-7 

Aldeen, T. S., Mohamed, H. E. A., & Maaza, M. (2022). ZnO nanoparticles prepared via 

a green synthesis approach: Physical properties, photocatalytic and antibacterial 

activity. Journal of Physics and Chemistry of Solids, 160, 110313. 

https://doi.org/10.1016/j.jpcs.2021.110313 

Al-Dhabi, N. A., & Valan Arasu, M. (2018). Environmentally-Friendly Green Approach 

for the Production of Zinc Oxide Nanoparticles and Their Anti-Fungal, Ovicidal, 

and Larvicidal Properties. Nanomaterials (Basel, Switzerland), 8(7), 500. 

https://doi.org/10.3390/nano8070500 

Alharbi, N. S., Alsubhi, N. S., & Felimban, A. I. (2022). Green synthesis of silver 

nanoparticles using medicinal plants: Characterization and application. Journal 

of Radiation Research and Applied Sciences, 15(3), 109-124. 

https://doi.org/10.1016/j.jrras.2022.06.012 

Alhujaily, M., Albukhaty, S., Yusuf, M., Mohammed, M. K. A., Sulaiman, G. M., Al-

Karagoly, H., Alyamani, A. A., Albaqami, J., & AlMalki, F. A. (2022). Recent 

Advances in Plant-Mediated Zinc Oxide Nanoparticles with Their Significant 

https://doi.org/10.1016/j.jphotobiol.2016.04.034
https://doi.org/10.1007/s11033-021-06255-7
https://doi.org/10.1038/s41598-022-08409-4
https://doi.org/10.1016/j.bbrep.2021.100999
https://doi.org/10.3390/molecules25184198
https://doi.org/10.1007/s00415-019-09263-7
https://doi.org/10.1016/j.jpcs.2021.110313
https://doi.org/10.3390/nano8070500
https://doi.org/10.1016/j.jrras.2022.06.012


 

177 
 
 

Biomedical Properties. Bioengineering (Basel, Switzerland), 9(10), 541. 

https://doi.org/10.3390/bioengineering9100541 

Ali, K., Dwivedi, S., Azam, A., Saquib, Q., Al-Said, M. S., Alkhedhairy, A. A., & 

Musarrat, J. (2016). Aloe vera extract functionalized zinc oxide nanoparticles as 

nanoantibiotics against multi-drug resistant clinical bacterial isolates. Journal of 

Colloid and Interface Science, 472, 145–156. 

https://doi.org/10.1016/j.jcis.2016.03.021 

Ali, Y. O., Escala, W., Ruan, K., & Zhai, R. G. (2011). Assaying locomotor, learning, and 

memory deficits in Drosophila models of neurodegeneration. Journal of 

Visualized Experiments : JoVE, (49), 2504. https://doi.org/10.3791/2504 

Aljabali, A. A. A., Rezigue, M., Alsharedeh, R. H., Obeid, M. A., Mishra, V., Serrano-

Aroca, Á., & Tambuwala, M. M. (2022). Protein-Based Drug Delivery 

Nanomedicine Platforms: Recent Developments. Pharmaceutical 

Nanotechnology, 10(4), 257–267. 

https://doi.org/10.2174/2211738510666220817120307 

Al-Tameme, H. J., Hadi, M. Y., & Hameed, I. H. (2015). Phytochemical analysis of 

Urtica dioica leaves by fourier-transform infrared spectroscopy and gas 

chromatography-mass spectrometry. Journal of Pharmacognosy and 

Phytotherapy, 7(10), 238-252. https://doi.org/10.5897/JPP2015.0361 

Alvi, A. M., Siuly, S., & Wang, H. (2022). Neurological abnormality detection from 

electroencephalography data: a review. Artificial Intelligence Review, 55(3), 

2275-2312. https://doi.org/10.1007/s10462-021-10062-8  

Alyamani, A. A., Albukhaty, S., Aloufi, S., AlMalki, F. A., Al-Karagoly, H., & Sulaiman, 

G. M. (2021). Green Fabrication of Zinc Oxide Nanoparticles 

Using Phlomis Leaf Extract: Characterization and In Vitro Evaluation of 

Cytotoxicity and Antibacterial Properties. Molecules (Basel, 

Switzerland), 26(20), 6140. https://doi.org/10.3390/molecules26206140 

Amara, S., Slama, I. B., Omri, K., El Ghoul, J., El Mir, L., Rhouma, K. B., Abdelmelek, 

H., & Sakly, M. (2015). Effects of nanoparticle zinc oxide on emotional behavior 

and trace elements homeostasis in rat brain. Toxicology and Industrial 

Health, 31(12), 1202–1209. https://doi.org/10.1177/0748233713491802 

Ambujakshi, N. P., Raveesha, H. R., Manohara, S. R., Dhananjaya, N., Pratibha, S., & 

Shivakumara, C. (2019). Chonemorpha grandiflora extract mediated synthesis of 

Ag-ZnO nanoparticles for its anticancer, electrical and dielectric 

applications. Materials Research Express, 6(9), 095068. DOI 10.1088/2053-

1591/ab3022 

Amin M. L. (2013). P-glycoprotein Inhibition for Optimal Drug Delivery. Drug Target 

insights, 7, 27–34. https://doi.org/10.4137/DTI.S12519 

Amna, U., Halimatussakdiah, Wahyuningsih, P., Saidi, N., & Nasution, R. (2019). 

Evaluation of cytotoxic activity from Temurui (Murraya koenigii [Linn.] Spreng) 

leaf extracts against HeLa cell line using MTT assay. Journal of Advanced 

Pharmaceutical Technology & Research, 10(2), 51–55. 

https://doi.org/10.4103/japtr.JAPTR_373_18 

https://doi.org/10.3390/bioengineering9100541
https://doi.org/10.1016/j.jcis.2016.03.021
https://doi.org/10.3791/2504
https://doi.org/10.2174/2211738510666220817120307
https://doi.org/10.5897/JPP2015.0361
https://doi.org/10.1007/s10462-021-10062-8
https://doi.org/10.3390/molecules26206140
https://doi.org/10.1177/0748233713491802
https://doi.org/10.4137/DTI.S12519
https://doi.org/10.4103/japtr.JAPTR_373_18


 

178 
 
 

Anand, K., Tiloke, C., Naidoo, P., & Chuturgoon, A. A. (2017). Phytonanotherapy for 

management of diabetes using green synthesis nanoparticles. Journal of 

Photochemistry and Photobiology. B, Biology, 173, 626–639. 

https://doi.org/10.1016/j.jphotobiol.2017.06.028 

Anand, U., Tudu, C. K., Nandy, S., Sunita, K., Tripathi, V., Loake, G. J., Dey, A., & 

Proćków, J. (2022). Ethnodermatological use of medicinal plants in India: From 

ayurvedic formulations to clinical perspectives - A review. Journal of 

Ethnopharmacology, 284, 114744. https://doi.org/10.1016/j.jep.2021.114744 

Andra, S., Balu, S. K., Jeevanandham, J., Muthalagu, M., Vidyavathy, M., Chan, Y. S., 

& Danquah, M. K. (2019). Phytosynthesized metal oxide nanoparticles for 

pharmaceutical applications. Naunyn-Schmiedeberg's Archives of 

Pharmacology, 392(7), 755–771. https://doi.org/10.1007/s00210-019-01666-7 

Andrade, S., Nunes, D., Dabur, M., Ramalho, M. J., Pereira, M. C., & Loureiro, J. A. 

(2023). Therapeutic Potential of Natural Compounds in Neurodegenerative 

Diseases: Insights from Clinical Trials. Pharmaceutics, 15(1), 212. 

https://doi.org/10.3390/pharmaceutics15010212 

Angelova, P. R., Esteras, N., & Abramov, A. Y. (2021). Mitochondria and lipid 

peroxidation in the mechanism of neurodegeneration: Finding ways for 

prevention. Medicinal Research Reviews, 41(2), 770–784. 

https://doi.org/10.1002/med.21712 

Aniqa, A., Kaur, S., Negi, A., Sadwal, S., & Bharati, S. (2022). Phytomodulatory effects 

of Murraya koenigii in DMBA/TPA induced angiogenesis, hepatotoxicity and 

renal toxicity during skin carcinogenesis in mice. Journal of Advanced Scientific 

Research, 13(02), 153-165. https://doi.org/10.55218/JASR.202213221 

Armstrong, M. J., & Okun, M. S. (2020). Diagnosis and Treatment of Parkinson Disease: 

A Review. JAMA, 323(6), 548–560. https://doi.org/10.1001/jama.2019.22360 

Aryal, B., & Lee, Y. (2019). Disease model organism for Parkinson disease: Drosophila 

melanogaster. BMB Reports, 52(4), 250–258. 

https://doi.org/10.5483/BMBRep.2019.52.4.204 

Ashhurst, J. F., Tu, S., Timmins, H. C., & Kiernan, M. C. (2022). Progress, development, 

and challenges in amyotrophic lateral sclerosis clinical trials. Expert Review of 

Neurotherapeutics, 22(11-12), 905–913. 

https://doi.org/10.1080/14737175.2022.2161893 

Ashraf, G. M., Greig, N. H., Khan, T. A., Hassan, I., Tabrez, S., Shakil, S., Sheikh, I. A., 

Zaidi, S. K., Akram, M., Jabir, N. R., Firoz, C. K., Naeem, A., Alhazza, I. M., 

Damanhouri, G. A., & Kamal, M. A. (2014). Protein misfolding and aggregation 

in Alzheimer's disease and type 2 diabetes mellitus. CNS & Neurological 

Disorders Drug Targets, 13(7), 1280–1293. 

https://doi.org/10.2174/1871527313666140917095514 

Ashraf, J. M., Ansari, M. A., Fatma, S., Abdullah, S. M. S., Iqbal, J., Madkhali, A., 

Hamali, A. H., Ahmad, S.(2018). Inhibiting Effect of Zinc Oxide Nanoparticles 

on Advanced Glycation Products and Oxidative Modifications: a Potential Tool 

https://doi.org/10.1016/j.jphotobiol.2017.06.028
https://doi.org/10.1016/j.jep.2021.114744
https://doi.org/10.1007/s00210-019-01666-7
https://doi.org/10.3390/pharmaceutics15010212
https://doi.org/10.1002/med.21712
https://doi.org/10.55218/JASR.202213221
https://doi.org/10.1001/jama.2019.22360
https://doi.org/10.5483/BMBRep.2019.52.4.204
https://doi.org/10.1080/14737175.2022.2161893
https://doi.org/10.2174/1871527313666140917095514


 

179 
 
 

to Counteract Oxidative Stress in Neurodegenerative Diseases. Molecular 

Neurobiology, 55(9), 7438–7452. https://doi.org/10.1007/s12035-018-0935-x 

Ashrafian, H., Zadeh, E. H., & Khan, R. H. (2021). Review on Alzheimer's disease: 

Inhibition of amyloid beta and tau tangle formation. International Journal of 

Biological Macromolecules, 167, 382–394. 

https://doi.org/10.1016/j.ijbiomac.2020.11.192 

Asif, N., Fatima, S., Aziz, M. N., Shehzadi, Zaki, A., & Fatma, T. (2021). Bio fabrication 

and characterization of cyanobacteria derived ZnO NPs for their bioactivity 

comparison with commercial chemically synthesized nanoparticles. Bioorganic 

Chemistry, 113, 104999. https://doi.org/10.1016/j.bioorg.2021.104999 

Avallone, R., Zanoli, P., Puia, G., Kleinschnitz, M., Schreier, P., & Baraldi, M. (2000). 

Pharmacological profile of apigenin, a flavonoid isolated from Matricaria 

chamomilla. Biochemical Pharmacology, 59(11), 1387–1394. 

https://doi.org/10.1016/s0006-2952(00)00264-1 

Ayeni, E. A., Aldossary, A. M., Ayejoto, D. A., Gbadegesin, L. A., Alshehri, A. A., 

Alfassam, H. A., Afewerky, H. K., Almughem, F. A., Bello, S. M., & Tawfik, E. 

A. (2022). Neurodegenerative Diseases: Implications of Environmental and 

Climatic Influences on Neurotransmitters and Neuronal Hormones 

Activities. International Journal of Environmental Research and Public 

Health, 19(19), 12495. https://doi.org/10.3390/ijerph191912495 

 Azimpanah, R., Solati, Z., & Hashemi, M. (2022). Synthesis of ZnO nanoparticles with 

Antibacterial properties using terminalia catappa leaf extract. Chemical 

Engineering & Technology, 45(4), 658-666. 

https://doi.org/10.1002/ceat.202100430 

Babazadeh, A., Mohammadi Vahed, F., & Jafari, S. M. (2020). Nanocarrier-mediated 

brain delivery of bioactives for treatment/prevention of neurodegenerative 

diseases. Journal of Controlled Release : Official Journal of the Controlled 

Release Society, 321, 211–221. https://doi.org/10.1016/j.jconrel.2020.02.015 

Baghalian, K., Abdoshah, S.h, Khalighi-Sigaroodi, F., & Paknejad, F. (2011). 

Physiological and phytochemical response to drought stress of German 

chamomile (Matricaria recutita L.). Plant Physiology and Biochemistry : 

PPB, 49(2), 201–207. https://doi.org/10.1016/j.plaphy.2010.11.010 

Bahr, S. M., Shousha, S., Albokhadaim, I., Shehab, A., Khattab, W., Ahmed-Farid, O., 

El-Garhy, O., Abdelgawad, A., Moustafa, M., Badr, O., & Shathele, M. (2020). 

Impact of dietary zinc oxide nanoparticles on selected serum biomarkers, lipid 

peroxidation and tissue gene expression of antioxidant enzymes and cytokines in 

Japanese quail. BMC Veterinary Research, 16(1), 349. 

https://doi.org/10.1186/s12917-020-02482-5 

Bai, R., Guo, J., Ye, X. Y., Xie, Y., & Xie, T. (2022). Oxidative stress: The core 

pathogenesis and mechanism of Alzheimer's disease. Ageing Research 

Reviews, 77, 101619. https://doi.org/10.1016/j.arr.2022.101619 

Balakrishnan, R., Vijayraja, D., Jo, S. H., Ganesan, P., Su-Kim, I., & Choi, D. K. (2020). 

Medicinal Profile, Phytochemistry, and Pharmacological Activities of Murraya 

https://doi.org/10.1007/s12035-018-0935-x
https://doi.org/10.1016/j.ijbiomac.2020.11.192
https://doi.org/10.1016/j.bioorg.2021.104999
https://doi.org/10.1016/s0006-2952(00)00264-1
https://doi.org/10.3390/ijerph191912495
https://doi.org/10.1002/ceat.202100430
https://doi.org/10.1016/j.jconrel.2020.02.015
https://doi.org/10.1016/j.plaphy.2010.11.010
https://doi.org/10.1186/s12917-020-02482-5
https://doi.org/10.1016/j.arr.2022.101619


 

180 
 
 

koenigii and its Primary Bioactive Compounds. Antioxidants (Basel, 

Switzerland), 9(2), 101. https://doi.org/10.3390/antiox9020101 

Baldwin, K. J., & Correll, C. M. (2019). Prion Disease. Seminars in neurology, 39(4), 

428–439. https://doi.org/10.1055/s-0039-1687841, S., Fatima, A., Gutierrez-

Garcia, R., & Vilchez, D. (2017). Proteostasis of Huntingtin in Health and 

Disease. International Journal of Molecular Sciences, 18(7), 1568. 

https://doi.org/10.3390/ijms18071568 

Baldwin, K. J., & Correll, C. M. (2019). Prion Disease. Seminars in Neurology, 39(4), 

428–439. https://doi.org/10.1055/s-0039-1687841 

Baliyan, S., Mukherjee, R., Priyadarshini, A., Vibhuti, A., Gupta, A., Pandey, R. P., & 

Chang, C. M. (2022). Determination of antioxidants by DPPH radical scavenging 

activity and quantitative phytochemical analysis of Ficus 

religiosa. Molecules, 27(4), 1326. https://doi.org/10.3390/molecules27041326 

Bar Am, O., Amit, T., & Youdim, M. B. (2004). Contrasting neuroprotective and 

neurotoxic actions of respective metabolites of anti-Parkinson drugs rasagiline 

and selegiline. Neuroscience Letters, 355(3), 169–172. 

https://doi.org/10.1016/j.neulet.2003.10.067 

Barbu, E., Molnàr, E., Tsibouklis, J., & Górecki, D. C. (2009). The potential for 

nanoparticle-based drug delivery to the brain: overcoming the blood-brain 

barrier. Expert Opinion on Drug Delivery, 6(6), 553–565. 

https://doi.org/10.1517/17425240902939143 

Barkat, M. A., Goyal, A., Barkat, H. A., Salauddin, M., Pottoo, F. H., & Anwer, E. T. 

(2021). Herbal Medicine: Clinical Perspective and Regulatory 

Status. Combinatorial Chemistry & High Throughput Screening, 24(10), 1573–

1582. https://doi.org/10.2174/1386207323999201110192942 

Barzinjy, A. A., & Azeez, H. H. (2020). Green synthesis and characterization of zinc 

oxide nanoparticles using Eucalyptus globulus Labill. leaf extract and zinc nitrate 

hexahydrate salt. SN Applied Sciences, 2(5), 1-14. 

https://doi.org/10.1007/s42452-020-2813-1     

Barzinjy, A. A., Hamad, S. M., Abdulrahman, A. F., Biro, S. J., & Ghafor, A. A. (2020). 

Biosynthesis, Characterization and Mechanism of Formation of ZnO 

Nanoparticles Using Petroselinum Crispum Leaf Extract. Current Organic 

Synthesis, 17(7), 558–566. 

https://doi.org/10.2174/1570179417666200628140547 

Baser, K. H. C., Demirci, B., Iscan, G., Hashimoto, T., Demirci, F., Noma, Y., &Asakawa, 

Y. (2006). The essential oil constituents and antimicrobial activity of 

Anthemisaciphylla BOISS. Vardiscoidea BOISS. Chemical and Pharmaceutical 

Bulletin, 54(2), 222-225.https://doi.org/10.1248/cpb.54.222 

Basnet, P., Inakhunbi Chanu, T., Samanta, D., & Chatterjee, S. (2018). A review on bio-

synthesized zinc oxide nanoparticles using plant extracts as reductants and 

stabilizing agents. Journal of Photochemistry and Photobiology. B, Biology, 183, 

201–221. https://doi.org/10.1016/j.jphotobiol.2018.04.036 

https://doi.org/10.3390/antiox9020101
https://doi.org/10.3390/ijms18071568
https://doi.org/10.1055/s-0039-1687841
https://doi.org/10.3390/molecules27041326
https://doi.org/10.1016/j.neulet.2003.10.067
https://doi.org/10.1517/17425240902939143
https://doi.org/10.2174/1386207323999201110192942
https://doi.org/10.2174/1570179417666200628140547
https://doi.org/10.1248/cpb.54.222
https://doi.org/10.1016/j.jphotobiol.2018.04.036


 

181 
 
 

Begley D. J. (2004). Delivery of therapeutic agents to the central nervous system: the 

problems and the possibilities. Pharmacology & Therapeutics, 104(1), 29–45. 

https://doi.org/10.1016/j.pharmthera.2004.08.001 

Behl, T., Makkar, R., Sehgal, A., Singh, S., Sharma, N., Zengin, G., Bungau, S., 

Andronie-Cioara, F. L., Munteanu, M. A., Brisc, M. C., Uivarosan, D., & Brisc, 

C. (2021). Current Trends in Neurodegeneration: Cross Talks between Oxidative 

Stress, Cell Death, and Inflammation. International Journal of Molecular 

Sciences, 22(14), 7432. https://doi.org/10.3390/ijms22147432 

Bell, I. R., Sarter, B., Standish, L. J., Banerji, P., & Banerji, P. (2015). Low Doses of 

Traditional Nanophytomedicines for Clinical Treatment: Manufacturing 

Processes and Nonlinear Response Patterns. Journal of Nanoscience and 

Nanotechnology, 15(6), 4021–4038. https://doi.org/10.1166/jnn.2015.9481 

Bhandari, P. R. (2012). Curry leaf (Murraya koenigii) or cure leaf: a review of its curative 

properties. Journal of Medical Nutrition and Nutraceuticals, 1(2), 

92.DOI: 10.4103/2278-019X.101295 

Bhat, A. H., Dar, K. B., Anees, S., Zargar, M. A., Masood, A., Sofi, M. A., & Ganie, S. 

A. (2015). Oxidative stress, mitochondrial dysfunction and neurodegenerative 

diseases; a mechanistic insight. Biomedicine & Pharmacotherapy = Biomedecine 

& Pharmacotherapie, 74, 101–110. https://doi.org/10.1016/j.biopha.2015.07.025 

Bhattacharya, K., Samanta, S. K., Tripathi, R., Mallick, A., Chandra, S., Pal, B. C., Shaha, 

C., & Mandal, C. (2010). Apoptotic effects of mahanine on human leukemic cells 

are mediated through crosstalk between Apo-1/Fas signaling and the Bid protein 

and via mitochondrial pathways. Biochemical Pharmacology, 79(3), 361–372. 

https://doi.org/10.1016/j.bcp.2009.09.007 

Bhattacharya, T., Soares, G. A. B. E., Chopra, H., Rahman, M. M., Hasan, Z., Swain, S. 

S., & Cavalu, S. (2022). Applications of Phyto-Nanotechnology for the Treatment 

of Neurodegenerative Disorders. Materials (Basel, Switzerland),  15(3), 804. 

https://doi.org/10.3390/ma15030804  

Bhurtel, S., Katila, N., Srivastav, S., Neupane, S., & Choi, D. Y. (2019). Mechanistic 

comparison between MPTP and rotenone neurotoxicity in 

mice. Neurotoxicology, 71, 113–121. 

https://doi.org/10.1016/j.neuro.2018.12.009 

Bhusal, K. K., Magar, S. K., Thapa, R., Lamsal, A., Bhandari, S., Maharjan, R., Shrestha, 

S., & Shrestha, J. (2022). Nutritional and pharmacological importance of stinging 

nettle (Urtica dioica L.): A review. Heliyon, 8(6), e09717. 

https://doi.org/10.1016/j.heliyon.2022.e09717 

Bilen, J., & Bonini, N. M. (2005). Drosophila as a model for human neurodegenerative 

disease. Annual Review of Genetics, 39, 153–171. 

https://doi.org/10.1146/annurev.genet.39.110304.095804 

Biltekin, S. N., Karadağ, A. E., Demirci, F., & Demirci, B. (2023). In Vitro Anti-

Inflammatory and Anticancer Evaluation of Mentha spicata L. and Matricaria 

chamomilla L. Essential Oils. ACS Omega, 8(19), 17143–17150. 

https://doi.org/10.1021/acsomega.3c01501 

https://doi.org/10.1016/j.pharmthera.2004.08.001
https://doi.org/10.3390/ijms22147432
https://doi.org/10.1166/jnn.2015.9481
https://doi.org/10.1016/j.biopha.2015.07.025
https://doi.org/10.1016/j.bcp.2009.09.007
https://doi.org/10.3390/ma15030804
https://doi.org/10.1016/j.neuro.2018.12.009
https://doi.org/10.1016/j.heliyon.2022.e09717
https://doi.org/10.1146/annurev.genet.39.110304.095804
https://doi.org/10.1021/acsomega.3c01501


 

182 
 
 

Bisbal, M., & Sanchez, M. (2019). Neurotoxicity of the pesticide rotenone on neuronal 

polarization: a mechanistic approach. Neural Regeneration Research, 14(5), 

762–766. https://doi.org/10.4103/1673-5374.249847 

Biswas, A. K., Chatli, M. K., & Sahoo, J. (2012). Antioxidant potential of curry (Murraya 

koenigii L.) and mint (Mentha spicata) leaf extracts and their effect on colour and 

oxidative stability of raw ground pork meat during refrigeration storage. Food 

Chemistry, 133(2), 467–472. https://doi.org/10.1016/j.foodchem.2012.01.073 

Bjedov, I., Toivonen, J. M., Kerr, F., Slack, C., Jacobson, J., Foley, A., & Partridge, L. 

(2010). Mechanisms of life span extension by rapamycin in the fruit fly 

Drosophila melanogaster. Cell Metabolism, 11(1), 35–46. 

https://doi.org/10.1016/j.cmet.2009.11.010 

Bolus, H., Crocker, K., Boekhoff-Falk, G., & Chtarbanova, S. (2020). Modeling 

Neurodegenerative Disorders in Drosophila melanogaster. International Journal 

of Molecular Sciences, 21(9), 3055. https://doi.org/10.3390/ijms21093055 

Boomgarden, A. C., Sagewalker, G. D., Shah, A. C., Haider, S. D., Patel, P., Wheeler, H. 

E., Dubowy, C. M., & Cavanaugh, D. J. (2019). Chronic circadian misalignment 

results in reduced longevity and large-scale changes in gene expression in 

Drosophila. BMC Genomics, 20(1), 14. https://doi.org/10.1186/s12864-018-

5401-7 

Boote, B. W., Byun, H., & Kim, J. H. (2014). Silver-gold bimetallic nanoparticles and 

their applications as optical materials. Journal of Nanoscience and 

Nanotechnology, 14(2), 1563–1577. https://doi.org/10.1166/jnn.2014.9077 

Borumandnia, N., Majd, H. A., Dotti, H., & Olazadeh, K. (2022). The trend analysis of 

neurological disorders as major causes of death and disability according to human 

development, 1990-2019. Environmental Science and Pollution Research 

International, 29(10), 14348–14354. https://doi.org/10.1007/s11356-021-16604-

5 

Bourdenx, M., Koulakiotis, N. S., Sanoudou, D., Bezard, E., Dehay, B., & Tsarbopoulos, 

A. (2017). Protein aggregation and neurodegeneration in prototypical 

neurodegenerative diseases: Examples of amyloidopathies, tauopathies and 

synucleinopathies. Progress in Neurobiology, 155, 171–193. 

https://doi.org/10.1016/j.pneurobio.2015.07.003 

Bourgeois, C., Leclerc, É. A., Corbin, C., Doussot, J., Serrano, V., Vanier, J. R., ... & 

Hano, C. (2016). Nettle (Urtica dioica L.) as a source of antioxidant and anti-

aging phytochemicals for cosmetic applications. Comptes Rendus Chimie, 19(9), 

1090-1100. https://doi.org/10.1016/j.crci.2016.03.019 

Brandt, A., & Vilcinskas, A. (2013). The Fruit Fly Drosophila melanogaster as a Model 

for Aging Research. Advances in Biochemical Engineering/Biotechnology, 135, 

63–77. https://doi.org/10.1007/10_2013_193 

Brownlee, W. J., Hardy, T. A., Fazekas, F., & Miller, D. H. (2017). Diagnosis of multiple 

sclerosis: progress and challenges. Lancet (London, England), 389(10076), 

1336–1346. https://doi.org/10.1016/S0140-6736(16)30959-X 

https://doi.org/10.4103/1673-5374.249847
https://doi.org/10.1016/j.foodchem.2012.01.073
https://doi.org/10.1016/j.cmet.2009.11.010
https://doi.org/10.3390/ijms21093055
https://doi.org/10.1186/s12864-018-5401-7
https://doi.org/10.1186/s12864-018-5401-7
https://doi.org/10.1166/jnn.2014.9077
https://doi.org/10.1007/s11356-021-16604-5
https://doi.org/10.1007/s11356-021-16604-5
https://doi.org/10.1016/j.pneurobio.2015.07.003
https://doi.org/10.1016/j.crci.2016.03.019
https://doi.org/10.1007/10_2013_193
https://doi.org/10.1016/S0140-6736(16)30959-X


 

183 
 
 

Calabresi, P., Mechelli, A., Natale, G., Volpicelli-Daley, L., Di Lazzaro, G., & Ghiglieri, 

V. (2023). Alpha-synuclein in Parkinson's disease and other synucleinopathies: 

from overt neurodegeneration back to early synaptic dysfunction. Cell Death & 

Disease, 14(3), 176. https://doi.org/10.1038/s41419-023-05672-9 

Camberos-Luna, L., & Massieu, L. (2020). Therapeutic strategies for ketosis induction 

and their potential efficacy for the treatment of acute brain injury and 

neurodegenerative diseases. Neurochemistry International, 133, 104614. 

https://doi.org/10.1016/j.neuint.2019.104614 

Campos-Bedolla, P., Walter, F. R., Veszelka, S., & Deli, M. A. (2014). Role of the blood-

brain barrier in the nutrition of the central nervous system. Archives of Medical 

Research, 45(8), 610–638. https://doi.org/10.1016/j.arcmed.2014.11.018 

Carvalho, A. N., Firuzi, O., Gama, M. J., Horssen, J. V., & Saso, L. (2017). Oxidative 

Stress and Antioxidants in Neurological Diseases: Is There Still Hope?. Current 

Drug Targets, 18(6), 705–718. 

https://doi.org/10.2174/1389450117666160401120514 

Cemek, M., Kağa, S., Simşek, N., Büyükokuroğlu, M. E., & Konuk, M. (2008). 

Antihyperglycemic and antioxidative potential of Matricaria chamomilla L. in 

streptozotocin-induced diabetic rats. Journal of Natural Medicines, 62(3), 284–

293. https://doi.org/10.1007/s11418-008-0228-1 

Chan, H. Y., & Bonini, N. M. (2000). Drosophila models of human neurodegenerative 

disease. Cell Death and Differentiation, 7(11), 1075–1080. 

https://doi.org/10.1038/sj.cdd.4400757 

Cheema, A. I., Ahmed, T., Abbas, A., Noman, M., Zubair, M., & Shahid, M. (2022). 

Antimicrobial activity of the biologically synthesized zinc oxide nanoparticles 

against important rice pathogens. Physiology and Molecular Biology of Plants : 

An International Journal of Functional Plant Biology, 28(10), 1955–1967. 

https://doi.org/10.1007/s12298-022-01251-y 

Chehri, A., Yarani, R., Yousefi, Z., Novin Bahador, T., Shakouri, S. K., Ostadrahimi, A., 

Mobasseri, M., Pociot, F., & Araj-Khodaei, M. (2022). Anti-diabetic potential of 

Urtica Dioica: current knowledge and future direction. Journal of Diabetes and 

Metabolic Disorders, 21(1), 931–940. https://doi.org/10.1007/s40200-021-

00942-9 

Chen, Z., Bertin, R., & Froldi, G. (2013). EC50 estimation of antioxidant activity in 

DPPH· assay using several statistical programs. Food Chemistry, 138(1), 414–

420. https://doi.org/10.1016/j.foodchem.2012.11.001 

Chira, A., Rekik, I., Rahmouni, F., Ben Amor, I., Gargouri, B., Kallel, C., Jamoussi, K., 

Allouche, N., El Feki, A., Kadmi, Y., & Saoudi, M. (2022). Phytochemical 

composition of Urtica dioica essential oil with antioxidant and anti-inflammatory 

properties: In vitro and in vivo studies. Current Pharmaceutical Biotechnology, 

10.2174/1389201023666220829104541. Advance online publication. 

https://doi.org/10.2174/1389201023666220829104541 

https://doi.org/10.1038/s41419-023-05672-9
https://doi.org/10.1016/j.neuint.2019.104614
https://doi.org/10.1016/j.arcmed.2014.11.018
https://doi.org/10.2174/1389450117666160401120514
https://doi.org/10.1007/s11418-008-0228-1
https://doi.org/10.1038/sj.cdd.4400757
https://doi.org/10.1007/s12298-022-01251-y
https://doi.org/10.1007/s40200-021-00942-9
https://doi.org/10.1007/s40200-021-00942-9
https://doi.org/10.1016/j.foodchem.2012.11.001
https://doi.org/10.2174/1389201023666220829104541


 

184 
 
 

Chitnis, T., & Weiner, H. L. (2017). CNS inflammation and neurodegeneration. The 

Journal of Clinical Investigation, 127(10), 3577–3587. 

https://doi.org/10.1172/JCI90609 

Chomnawang, M. T., Surassmo, S., Nukoolkarn, V. S., & Gritsanapan, W. (2005). 

Antimicrobial effects of Thai medicinal plants against acne-inducing 

bacteria. Journal of Ethnopharmacology, 101(1-3), 330–333. 

https://doi.org/10.1016/j.jep.2005.04.038 

Chopade, P., Chopade, N., Zhao, Z., Mitragotri, S., Liao, R., & Chandran Suja, V. (2022). 

Alzheimer's and Parkinson's disease therapies in the clinic. Bioengineering & 

Translational Medicine, 8(1), e10367. https://doi.org/10.1002/btm2.10367 

Chopra, G., Shabir, S., Yousuf, S., Kauts, S., Bhat, S. A., Mir, A. H., & Singh, M. P. 

(2022). Proteinopathies: Deciphering Physiology and Mechanisms to Develop 

Effective Therapies for Neurodegenerative Diseases. Molecular 

Neurobiology, 59(12), 7513–7540. https://doi.org/10.1007/s12035-022-03042-8 

Choudhary, A., Ranjan, J. K., & Asthana, H. S. (2021). Prevalence of dementia in India: 

A systematic review and meta-analysis. Indian Journal of Public Health, 65(2), 

152–158. https://doi.org/10.4103/ijph.IJPH_1042_20 

Choudhury, R. P., & Garg, A. N. (2007). Variation in essential, trace and toxic elemental 

contents in Murraya koenigii–A spice and medicinal herb from different Indian 

states. Food Chemistry, 104(4), 1454-1463. 

https://doi.org/10.1016/j.foodchem.2007.02.013 

Ciechanover, A., & Kwon, Y. T. (2015). Degradation of misfolded proteins in 

neurodegenerative diseases: therapeutic targets and strategies. Experimental & 

Molecular Medicine, 47(3), e147. https://doi.org/10.1038/emm.2014.117 

Clarke, G., Ting, K. N., Wiart, C., & Fry, J. (2013). High Correlation of 2,2-diphenyl-1-

picrylhydrazyl (DPPH) Radical Scavenging, Ferric Reducing Activity Potential 

and Total Phenolics Content Indicates Redundancy in Use of All Three Assays to 

Screen for Antioxidant Activity of Extracts of Plants from the Malaysian 

Rainforest. Antioxidants (Basel, Switzerland), 2(1), 1–10. 

https://doi.org/10.3390/antiox2010001 

Clogston, J. D., & Patri, A. K. (2011). Zeta potential measurement. Methods in Molecular 

Biology (Clifton, N.J.), 697, 63–70. https://doi.org/10.1007/978-1-60327-198-1-

6 

Cole S. P. (2014). Targeting multidrug resistance protein 1 (MRP1, ABCC1): past, 

present, and future. Annual Review of Pharmacology and Toxicology, 54, 95–117. 

https://doi.org/10.1146/annurev-pharmtox-011613-135959 

Cotman, C. W., & Anderson, A. J. (1995). A potential role for apoptosis in 

neurodegeneration and Alzheimer's disease. Molecular Neurobiology, 10(1), 19–

45. https://doi.org/10.1007/BF02740836 

Crispino, M., Trinchese, G., Penna, E., Cimmino, F., Catapano, A., Villano, I., & Mollica, 

M. P. (2020). Interplay between Peripheral and Central Inflammation in Obesity-

Promoted Disorders: The Impact on Synaptic Mitochondrial 

https://doi.org/10.1172/JCI90609
https://doi.org/10.1016/j.jep.2005.04.038
https://doi.org/10.1002/btm2.10367
https://doi.org/10.1007/s12035-022-03042-8
https://doi.org/10.4103/ijph.IJPH_1042_20
https://doi.org/10.1016/j.foodchem.2007.02.013
https://doi.org/10.1038/emm.2014.117
https://doi.org/10.3390/antiox2010001
https://doi.org/10.1007/978-1-60327-198-1-6
https://doi.org/10.1007/978-1-60327-198-1-6
https://doi.org/10.1146/annurev-pharmtox-011613-135959
https://doi.org/10.1007/BF02740836


 

185 
 
 

Functions. International Journal of Molecular Sciences, 21(17), 5964. 

https://doi.org/10.3390/ijms21175964 

Dai, Y. L., Li, Y., Wang, Q., Niu, F. J., Li, K. W., Wang, Y. Y., Wang, J., Zhou, C. Z., & 

Gao, L. N. (2022). Chamomile: A Review of Its Traditional Uses, Chemical 

Constituents, Pharmacological Activities and Quality Control Studies. Molecules 

(Basel, Switzerland), 28(1), 133. https://doi.org/10.3390/molecules28010133 

Dallas, S., Miller, D. S., & Bendayan, R. (2006). Multidrug resistance-associated 

proteins: expression and function in the central nervous system. Pharmacological 

Reviews, 58(2), 140–161. https://doi.org/10.1124/pr.58.2.3 

Dang, X., Huan, X., Du, X., Chen, X., Bi, M., Yan, C., Jiao, Q., & Jiang, H. (2022). 

Correlation of Ferroptosis and Other Types of Cells Death in Neurodegenerative 

Diseases. Neuroscience Bulletin, 38(8), 938–952. 

https://doi.org/10.1007/s12264-022-00861-6 

Dar, S. A., Ganai, F. A., Yousuf, A. R., Balkhi, M. U., Bhat, T. M., & Sharma, P. (2013). 

Pharmacological and toxicological evaluation of Urtica dioica. Pharmaceutical 

Biology, 51(2), 170–180. https://doi.org/10.3109/13880209.2012.715172 

Dash, D., & Mestre, T. A. (2020). Therapeutic Update on Huntington's Disease: 

Symptomatic Treatments and Emerging Disease-Modifying 

Therapies. Neurotherapeutics : The Journal of the American Society for 

Experimental NeuroTherapeutics, 17(4), 1645–1659. 

https://doi.org/10.1007/s13311-020-00891-w 

Deepashree, S., Shivanandappa, T., & Ramesh, S. R. (2022). Genetic repression of the 

antioxidant enzymes reduces the lifespan in Drosophila melanogaster. Journal of 

comparative physiology. B, Biochemical, Systemic, and Environmental 

Physiology, 192(1), 1–13. https://doi.org/10.1007/s00360-021-01412-7 

Devkota, H. P., Paudel, K. R., Khanal, S., Baral, A., Panth, N., Adhikari-Devkota, A., 

Jha, N. K., Das, N., Singh, S. K., Chellappan, D. K., Dua, K., & Hansbro, P. M. 

(2022). Stinging Nettle (Urtica dioica L.): Nutritional Composition, Bioactive 

Compounds, and Food Functional Properties. Molecules (Basel, 

Switzerland), 27(16), 5219. https://doi.org/10.3390/molecules27165219 

Dey, P., Kundu, A., Chakraborty, H. J., Kar, B., Choi, W. S., Lee, B. M., Bhakta, T., 

Atanasov, A. G., & Kim, H. S. (2019). Therapeutic value of steroidal alkaloids in 

cancer: Current trends and future perspectives. International Journal of 

Cancer, 145(7), 1731–1744. https://doi.org/10.1002/ijc.31965 

Dhiman, V., Menon, G. R., Kaur, S., Mishra, A., John, D., Rao Vishnu, M. V., Tiwari, R. 

R., & Dhaliwal, R. S. (2021). A Systematic Review and Meta-analysis of 

Prevalence of Epilepsy, Dementia, Headache, and Parkinson Disease in 

India. Neurology India, 69(2), 294–301. https://doi.org/10.4103/0028-

3886.314588 

Dhouibi, R., Affes, H., Ben Salem, M., Hammami, S., Sahnoun, Z., Zeghal, K. M., & 

Ksouda, K. (2020). Screening of pharmacological uses of Urtica dioica and others 

benefits. Progress in Biophysics and Molecular Biology, 150, 67–77. 

https://doi.org/10.1016/j.pbiomolbio.2019.05.008 

https://doi.org/10.3390/ijms21175964
https://doi.org/10.3390/molecules28010133
https://doi.org/10.1124/pr.58.2.3
https://doi.org/10.1007/s12264-022-00861-6
https://doi.org/10.3109/13880209.2012.715172
https://doi.org/10.1007/s13311-020-00891-w
https://doi.org/10.1007/s00360-021-01412-7
https://doi.org/10.3390/molecules27165219
https://doi.org/10.1002/ijc.31965
https://doi.org/10.4103/0028-3886.314588
https://doi.org/10.4103/0028-3886.314588
https://doi.org/10.1016/j.pbiomolbio.2019.05.008


 

186 
 
 

Ding, M., Li, H., & Zheng, L. (2022). Drosophila exercise, an emerging model bridging 

the fields of exercise and aging in human. Frontiers in Cell and Developmental 

Biology, 10, 966531. https://doi.org/10.3389/fcell.2022.966531 

Ding, S., Khan, A. I., Cai, X., Song, Y., Lyu, Z., Du, D., Dutta, P., & Lin, Y. (2020). 

Overcoming blood-brain barrier transport: Advances in nanoparticle-based drug 

delivery strategies. Materials Today (Kidlington, England), 37, 112–125. 

https://doi.org/10.1016/j.mattod.2020.02.001 

Ding, S., Khan, A. I., Cai, X., Song, Y., Lyu, Z., Du, D., Dutta, P., & Lin, Y. (2020). 

Overcoming blood-brain barrier transport: Advances in nanoparticle-based drug 

delivery strategies. Materials Today (Kidlington, England), 37, 112–125. 

https://doi.org/10.1016/j.mattod.2020.02.001 

Diplock, A. T., Charleux, J. L., Crozier-Willi, G., Kok, F. J., Rice-Evans, C., Roberfroid, 

M., Stahl, W., & Viña-Ribes, J. (1998). Functional food science and defence 

against reactive oxidative species. The British Journal of Nutrition, 80 Suppl 1, 

S77–S112. https://doi.org/10.1079/bjn19980106 

Do, Q. D., Angkawijaya, A. E., Tran-Nguyen, P. L., Huynh, L. H., Soetaredjo, F. E., 

Ismadji, S., & Ju, Y. H. (2014). Effect of extraction solvent on total phenol 

content, total flavonoid content, and antioxidant activity of Limnophila 

aromatica. Journal of Food and Drug Analysis, 22(3), 296–302. 

https://doi.org/10.1016/j.jfda.2013.11.001 

Dong, Y., & Yong, V. W. (2022). Oxidized phospholipids as novel mediators of 

neurodegeneration. Trends in Neurosciences, 45(6), 419–429. 

https://doi.org/10.1016/j.tins.2022.03.002 

Dunkel, P., Chai, C. L., Sperlágh, B., Huleatt, P. B., & Mátyus, P. (2012). Clinical utility 

of neuroprotective agents in neurodegenerative diseases: current status of drug 

development for Alzheimer's, Parkinson's and Huntington's diseases, and 

amyotrophic lateral sclerosis. Expert Opinion on Investigational Drugs, 21(9), 

1267–1308. https://doi.org/10.1517/13543784.2012.703178 

Dutra, R. C., Campos, M. M., Santos, A. R., & Calixto, J. B. (2016). Medicinal plants in 

Brazil: Pharmacological studies, drug discovery, challenges and 

perspectives. Pharmacological Research, 112, 4–29. 

https://doi.org/10.1016/j.phrs.2016.01.021 

Ebadi, M., Brown-Borg, H., Ren, J., Sharma, S., Shavali, S., El ReFaey, H., & Carlson, 

E. C. (2006). Therapeutic efficacy of selegiline in neurodegenerative disorders 

and neurological diseases. Current Drug Targets, 7(11), 1513–1529. 

https://doi.org/10.2174/1389450110607011513 

Ebrahiminezhad, A., Zare-Hoseinabadi, A., Sarmah, A. K., Taghizadeh, S., Ghasemi, Y., 

& Berenjian, A. (2018). Plant-Mediated Synthesis and Applications of Iron 

Nanoparticles. Molecular Biotechnology, 60(2), 154–168. 

https://doi.org/10.1007/s12033-017-0053-4 

Ehsan, M., Waheed, A., Ullah, A., Kazmi, A., Ali, A., Raja, N. I., Mashwani, Z. U., 

Sultana, T., Mustafa, N., Ikram, M., & Li, H. (2022). Plant-Based Bimetallic 

Silver-Zinc Oxide Nanoparticles: A Comprehensive Perspective of Synthesis, 

https://doi.org/10.3389/fcell.2022.966531
https://doi.org/10.1016/j.mattod.2020.02.001
https://doi.org/10.1016/j.mattod.2020.02.001
https://doi.org/10.1079/bjn19980106
https://doi.org/10.1016/j.jfda.2013.11.001
https://doi.org/10.1016/j.tins.2022.03.002
https://doi.org/10.1517/13543784.2012.703178
https://doi.org/10.1016/j.phrs.2016.01.021
https://doi.org/10.2174/1389450110607011513
https://doi.org/10.1007/s12033-017-0053-4


 

187 
 
 

Biomedical Applications, and Future Trends. BioMed Research 

International, 2022, 1215183. https://doi.org/10.1155/2022/1215183 

Ellman, G.L., Courtney, K.D., Andres, V., Feather-stone, R.M. A new and rapid 

colorimetric determination of acetylcholinesterase activity. Biochem. Pharmacol. 

1961, 7, 88–95. https://doi.org/10.1016/0006-2952(61)90145-9 

Elumalai, K., Velmurugan, S., Ravi, S., Kathiravan, V., & Ashokkumar, S. (2015). Bio-

fabrication of zinc oxide nanoparticles using leaf extract of curry leaf (Murraya 

koenigii) and its antimicrobial activities. Materials Science in Semiconductor 

Processing, 34, 365-372. https://doi.org/10.1016/j.mssp.2015.01.048 

Engelhardt, B., & Sorokin, L. (2009). The blood-brain and the blood-cerebrospinal fluid 

barriers: function and dysfunction. Seminars in Immunopathology, 31(4), 497–

511. https://doi.org/10.1007/s00281-009-0177-0 

Erfani, M., Hajirahimi, A., Tabandeh, M. R., & Molaei, R. (2021). Protective effects of 

green and chemical zinc oxide nanoparticles on testis histology, sperm 

parameters, oxidative stress markers and androgen production in rats treated with 

cisplatin. Cell and Tissue Research, 384(2), 561–575. 

https://doi.org/10.1007/s00441-020-03350-2 

Esmaeili, Y., Yarjanli, Z., Pakniya, F., Bidram, E., Łos, M. J., Eshraghi, M., Klionsky, D. 

J., Ghavami, S., & Zarrabi, A. (2022). Targeting autophagy, oxidative stress, and 

ER stress for neurodegenerative disease treatment. Journal of Controlled Release 

: Official Journal of the Controlled Release Society, 345, 147–175. 

https://doi.org/10.1016/j.jconrel.2022.03.001 

Farzadfar, S., Zarinkamar, F., Modarres-Sanavy, S. A., & Hojati, M. (2013). Exogenously 

applied calcium alleviates cadmium toxicity in Matricaria chamomilla L. 

plants. Environmental Science and Pollution Research International, 20(3), 

1413–1422. https://doi.org/10.1007/s11356-012-1181-9 

Federico, A., Cardaioli, E., Da Pozzo, P., Formichi, P., Gallus, G. N., & Radi, E. (2012). 

Mitochondria, oxidative stress and neurodegeneration. Journal of the 

Neurological Sciences, 322(1-2), 254–262. 

https://doi.org/10.1016/j.jns.2012.05.030 

Feigin, V. L., Vos, T., Nichols, E., Owolabi, M. O., Carroll, W. M., Dichgans, M., 

Deuschl, G., Parmar, P., Brainin, M., & Murray, C. (2020). The global burden of 

neurological disorders: translating evidence into policy. The Lancet. 

Neurology, 19(3), 255–265. https://doi.org/10.1016/S1474-4422(19)30411-9 

Feitosa, C. M., da Silva Oliveira, G. L., do Nascimento Cavalcante, A., Morais Chaves, 

S. K., & Rai, M. (2018). Determination of Parameters of Oxidative Stress in vitro 

Models of Neurodegenerative Diseases-A Review. Current Clinical 

Pharmacology, 13(2), 100–109. 

https://doi.org/10.2174/1574884713666180301091612 

Feldman, E. L., Goutman, S. A., Petri, S., Mazzini, L., Savelieff, M. G., Shaw, P. J., & 

Sobue, G. (2022). Amyotrophic lateral sclerosis. Lancet (London, 

England), 400(10360), 1363–1380. https://doi.org/10.1016/S0140-

6736(22)01272-7 

https://doi.org/10.1155/2022/1215183
https://doi.org/10.1016/0006-2952(61)90145-9
https://doi.org/10.1016/j.mssp.2015.01.048
https://doi.org/10.1007/s00281-009-0177-0
https://doi.org/10.1007/s00441-020-03350-2
https://doi.org/10.1016/j.jconrel.2022.03.001
https://doi.org/10.1007/s11356-012-1181-9
https://doi.org/10.1016/j.jns.2012.05.030
https://doi.org/10.1016/S1474-4422(19)30411-9
https://doi.org/10.2174/1574884713666180301091612
https://doi.org/10.1016/S0140-6736(22)01272-7
https://doi.org/10.1016/S0140-6736(22)01272-7


 

188 
 
 

Fikry, H., Saleh, L. A., & Abdel Gawad, S. (2022). Neuroprotective effects of curcumin 

on the cerebellum in a rotenone-induced Parkinson's Disease Model. CNS 

Neuroscience & Therapeutics, 28(5), 732–748. https://doi.org/10.1111/cns.13805 

Filippone, A., Esposito, E., Mannino, D., Lyssenko, N., & Praticò, D. (2022). The 

contribution of altered neuronal autophagy to neurodegeneration. Pharmacology 

& Therapeutics, 238, 108178. https://doi.org/10.1016/j.pharmthera.2022.108178 

Fouda, A., El-Din Hassan, S., Salem, S. S., & Shaheen, T. I. (2018). In-Vitro cytotoxicity, 

antibacterial, and UV protection properties of the biosynthesized Zinc oxide 

nanoparticles for medical textile applications. Microbial Pathogenesis, 125, 252–

261. https://doi.org/10.1016/j.micpath.2018.09.030 

Fumia, A., Cicero, N., Gitto, M., Nicosia, N., & Alesci, A. (2022). Role of nutraceuticals 

on neurodegenerative diseases: neuroprotective and immunomodulant 

activity. Natural Product Research, 36(22), 5916–5933. 

https://doi.org/10.1080/14786419.2021.2020265 

Gaki, G. S., & Papavassiliou, A. G. (2014). Oxidative stress-induced signaling pathways 

implicated in the pathogenesis of Parkinson's disease. Neuromolecular 

Medicine, 16(2), 217–230. https://doi.org/10.1007/s12017-014-8294-x 

Gallardo, G., & Holtzman, D. M. (2019). Amyloid-β and Tau at the Crossroads of 

Alzheimer's Disease. Advances in Experimental Medicine and Biology, 1184, 

187–203. https://doi.org/10.1007/978-981-32-9358-8_16 

Gandhi, J., Antonelli, A. C., Afridi, A., Vatsia, S., Joshi, G., Romanov, V., Murray, I. V. 

J., & Khan, S. A. (2019). Protein misfolding and aggregation in 

neurodegenerative diseases: a review of pathogeneses, novel detection strategies, 

and potential therapeutics. Reviews in the Neurosciences, 30(4), 339–358. 

https://doi.org/10.1515/revneuro-2016-0035 

Garg K. (2021). Prevalence of Major Mental and Neurological Disorders in 

India. Neurology India, 69(2), 302–303. https://doi.org/10.4103/0028-

3886.314556 

GBD 2019 Dementia Forecasting Collaborators (2022). Estimation of the global 

prevalence of dementia in 2019 and forecasted prevalence in 2050: an analysis 

for the Global Burden of Disease Study 2019. The Lancet. Public health, 7(2), 

e105–e125. https://doi.org/10.1016/S2468-2667(21)00249-8 

Geetha, R. G., & Ramachandran, S. (2021). Recent Advances in the Anti-Inflammatory 

Activity of Plant-Derived Alkaloid Rhynchophylline in Neurological and 

Cardiovascular Diseases. Pharmaceutics, 13(8), 1170. 

https://doi.org/10.3390/pharmaceutics13081170 

Ghasemi, N., Razavi, S., & Nikzad, E. (2017). Multiple Sclerosis: Pathogenesis, 

Symptoms, Diagnoses and Cell-Based Therapy. Cell Journal, 19(1), 1–10. 

https://doi.org/10.22074/cellj.2016.4867 

Ghavami, S., Shojaei, S., Yeganeh, B., Ande, S. R., Jangamreddy, J. R., Mehrpour, M., 

Christoffersson, J., Chaabane, W., Moghadam, A. R., Kashani, H. H., Hashemi, 

M., Owji, A. A., & Łos, M. J. (2014). Autophagy and apoptosis dysfunction in 

https://doi.org/10.1111/cns.13805
https://doi.org/10.1016/j.pharmthera.2022.108178
https://doi.org/10.1016/j.micpath.2018.09.030
https://doi.org/10.1080/14786419.2021.2020265
https://doi.org/10.1007/s12017-014-8294-x
https://doi.org/10.1007/978-981-32-9358-8_16
https://doi.org/10.1515/revneuro-2016-0035
https://doi.org/10.4103/0028-3886.314556
https://doi.org/10.4103/0028-3886.314556
https://doi.org/10.1016/S2468-2667(21)00249-8
https://doi.org/10.3390/pharmaceutics13081170
https://doi.org/10.22074/cellj.2016.4867


 

189 
 
 

neurodegenerative disorders. Progress in Neurobiology, 112, 24–49. 

https://doi.org/10.1016/j.pneurobio.2013.10.004 

Gkekas, I., Gioran, A., Boziki, M. K., Grigoriadis, N., Chondrogianni, N., & Petrakis, S. 

(2021). Oxidative Stress and Neurodegeneration: Interconnected Processes in 

PolyQ Diseases. Antioxidants (Basel, Switzerland), 10(9), 1450. 

https://doi.org/10.3390/antiox10091450 

Glass, C. K., Saijo, K., Winner, B., Marchetto, M. C., & Gage, F. H. (2010). Mechanisms 

underlying inflammation in neurodegeneration. Cell, 140(6), 918–934. 

https://doi.org/10.1016/j.cell.2010.02.016 

Goedert M. (2001). Alpha-synuclein and neurodegenerative diseases. Nature Reviews. 

Neuroscience, 2(7), 492–501. https://doi.org/10.1038/35081564 

Golpich, M., Amini, E., Mohamed, Z., Azman Ali, R., Mohamed Ibrahim, N., & 

Ahmadiani, A. (2017). Mitochondrial Dysfunction and Biogenesis in 

Neurodegenerative diseases: Pathogenesis and Treatment. CNS Neuroscience & 

Therapeutics, 23(1), 5–22. https://doi.org/10.1111/cns.12655 

Gong, P., Epton, M. J., Fu, G., Scaife, S., Hiscox, A., Condon, K. C., Condon, G. C., 

Morrison, N. I., Kelly, D. W., Dafa'alla, T., Coleman, P. G., & Alphey, L. (2005). 

A dominant lethal genetic system for autocidal control of the Mediterranean 

fruitfly. Nature Biotechnology, 23(4), 453–456. https://doi.org/10.1038/nbt1071 

Gosselet, F., Loiola, R. A., Roig, A., Rosell, A., & Culot, M. (2021). Central nervous 

system delivery of molecules across the blood-brain barrier. Neurochemistry 

International, 144, 104952. https://doi.org/10.1016/j.neuint.2020.104952 

Gour, A., & Jain, N. K. (2019). Advances in green synthesis of nanoparticles. Artificial 

Cells, Nanomedicine, and Biotechnology, 47(1), 844–851. 

https://doi.org/10.1080/21691401.2019.1577878 

Goutman, S. A., Hardiman, O., Al-Chalabi, A., Chió, A., Savelieff, M. G., Kiernan, M. 

C., & Feldman, E. L. (2022). Recent advances in the diagnosis and prognosis of 

amyotrophic lateral sclerosis. The Lancet. Neurology, 21(5), 480–493. 

https://doi.org/10.1016/S1474-4422(21)00465-8 

Goyal, K., Koul, V., Singh, Y., & Anand, A. (2014). Targeted drug delivery to central 

nervous system (CNS) for the treatment of neurodegenerative disorders: trends 

and advances. Central Nervous System Agents in Medicinal Chemistry, 14(1), 

43–59. https://doi.org/10.2174/1871524914666141030145948 

Grant, C. E., Gao, M., DeGorter, M. K., Cole, S. P., & Deeley, R. G. (2008). Structural 

determinants of substrate specificity differences between human multidrug 

resistance protein (MRP) 1 (ABCC1) and MRP3 (ABCC3). Drug Metabolism 

and Disposition: The Biological Fate of Chemicals, 36(12), 2571–2581. 

https://doi.org/10.1124/dmd.108.022491 

Grauso, L., de Falco, B., Lanzotti, V., & Motti, R. (2020). Stinging nettle, Urtica dioica 

L.: Botanical, phytochemical and pharmacological overview. Phytochemistry 

Reviews, 19, 1341-1377. https://doi.org/10.1007/s11101-020-09680-x 

https://doi.org/10.1016/j.pneurobio.2013.10.004
https://doi.org/10.3390/antiox10091450
https://doi.org/10.1016/j.cell.2010.02.016
https://doi.org/10.1038/35081564
https://doi.org/10.1111/cns.12655
https://doi.org/10.1038/nbt1071
https://doi.org/10.1016/j.neuint.2020.104952
https://doi.org/10.1080/21691401.2019.1577878
https://doi.org/10.1016/S1474-4422(21)00465-8
https://doi.org/10.2174/1871524914666141030145948
https://doi.org/10.1124/dmd.108.022491
https://doi.org/10.1007/s11101-020-09680-x


 

190 
 
 

Graves, J. S., Krysko, K. M., Hua, L. H., Absinta, M., Franklin, R. J. M., & Segal, B. M. 

(2023). Ageing and multiple sclerosis. The Lancet. Neurology, 22(1), 66–77. 

https://doi.org/10.1016/S1474-4422(22)00184-3 

Grewal, G. K., Kukal, S., Kanojia, N., Saso, L., Kukreti, S., & Kukreti, R. (2017). Effect 

of Oxidative Stress on ABC Transporters: Contribution to Epilepsy 

Pharmacoresistance. Molecules (Basel, Switzerland), 22(3), 365. 

https://doi.org/10.3390/molecules22030365 

Grösgen, S., Grimm, M. O., Friess, P., & Hartmann, T. (2010). Role of amyloid beta in 

lipid homeostasis. Biochimica et Biophysica Acta, 1801(8), 966–974. 

https://doi.org/10.1016/j.bbalip.2010.05.002 

Grotewiel, M. S., Martin, I., Bhandari, P., & Cook-Wiens, E. (2005). Functional 

senescence in Drosophila melanogaster. Ageing Research Reviews, 4(3), 372–

397. https://doi.org/10.1016/j.arr.2005.04.001 

Gülçin İ. (2012). Antioxidant activity of food constituents: an overview. Archives of 

Toxicology, 86(3), 345–391. https://doi.org/10.1007/s00204-011-0774-2 

Gülçin, I., Küfrevioglu, O. I., Oktay, M., & Büyükokuroglu, M. E. (2004). Antioxidant, 

antimicrobial, antiulcer and analgesic activities of nettle (Urtica dioica 

L.). Journal of Ethnopharmacology, 90(2-3), 205–215. 

https://doi.org/10.1016/j.jep.2003.09.028 

Guo, Y., Li, Q., Yang, X., Jaffee, M. S., Wu, Y., Wang, F., & Bian, J. (2022). Prevalence 

of Alzheimer's and Related Dementia Diseases and Risk Factors Among 

Transgender Adults, Florida, 2012‒2020. American Journal of Public 

Health, 112(5), 754–757. https://doi.org/10.2105/AJPH.2022.306720 

Gupta, P., Garg, T., Tanmay, M., & Arora, S. (2015). Polymeric Drug-Delivery Systems: 

Role in P-gp Efflux System Inhibition. Critical Reviews in Therapeutic Drug 

Carrier Systems, 32(3), 247–275. 

https://doi.org/10.1615/critrevtherdrugcarriersyst.2015011592 

Gupta, P., Nahata, A., & Dixit, V. K. (2011). An update on Murraya koenigii spreng: a 

multifunctional Ayurvedic herb. Zhong xi yi jie he xue bao = Journal of Chinese 

Integrative Medicine, 9(8), 824–833. 

Gupta, P., Tiwari, S., Singh, A., Pal, A., Mishra, A., & Singh, S. (2021). Rivastigmine 

attenuates the Alzheimer's disease related protein degradation and apoptotic 

neuronal death signalling. The Biochemical Journal, 478(7), 1435–1451. 

https://doi.org/10.1042/BCJ20200754 

Gur, T., Meydan, I., Seckin, H., Bekmezci, M., & Sen, F. (2022). Green synthesis, 

characterization, and bioactivity of biogenic zinc oxide 

nanoparticles. Environmental Research, 204(Pt A), 111897. 

https://doi.org/10.1016/j.envres.2021.111897 

Haimeur, A., Deeley, R. G., & Cole, S. P. (2002). Charged amino acids in the sixth 

transmembrane helix of multidrug resistance protein 1 (MRP1/ABCC1) are 

critical determinants of transport activity. The Journal of Biological 

Chemistry, 277(44), 41326–41333. https://doi.org/10.1074/jbc.M206228200 

https://doi.org/10.1016/S1474-4422(22)00184-3
https://doi.org/10.3390/molecules22030365
https://doi.org/10.1016/j.bbalip.2010.05.002
https://doi.org/10.1016/j.arr.2005.04.001
https://doi.org/10.1007/s00204-011-0774-2
https://doi.org/10.1016/j.jep.2003.09.028
https://doi.org/10.2105/AJPH.2022.306720
https://doi.org/10.1615/critrevtherdrugcarriersyst.2015011592
https://doi.org/10.1042/BCJ20200754
https://doi.org/10.1016/j.envres.2021.111897
https://doi.org/10.1074/jbc.M206228200


 

191 
 
 

Hales, K. G., Korey, C. A., Larracuente, A. M., & Roberts, D. M. (2015). Genetics on the 

Fly: A Primer on the Drosophila Model System. Genetics, 201(3), 815–842. 

https://doi.org/10.1534/genetics.115.183392 

Hano, C., & Abbasi, B. H. (2021). Plant-Based Green Synthesis of Nanoparticles: 

Production, Characterization and Applications. Biomolecules, 12(1), 31. 

https://doi.org/10.3390/biom12010031 

Happy Agarwal, Soumya Menon, Venkat Kumar, S., & Rajeshkumar, S. (2018). 

Mechanistic study on antibacterial action of zinc oxide nanoparticles synthesized 

using green route. Chemico-Biological Interactions, 286, 60–70. 

https://doi.org/10.1016/j.cbi.2018.03.008 

Hashemi, S., Asrar, Z., Pourseyedi, S., & Nadernejad, N. (2016). Green synthesis of ZnO 

nanoparticles by Olive (Olea europaea). IET Nanobiotechnology, 10(6), 400–

404. https://doi.org/10.1049/iet-nbt.2015.0117 

Hawwary, S. S., Abd Almaksoud, H. M., Saber, F. R., Elimam, H., Sayed, A. M., El Raey, 

M. A., & Abdelmohsen, U. R. (2021). Green-synthesized zinc oxide 

nanoparticles, anti-Alzheimer potential and the metabolic profiling of Sabal 

blackburniana grown in Egypt supported by molecular modelling. RSC 

Advances, 11(29), 18009–18025. https://doi.org/10.1039/d1ra01725j 

He, J., Xu, H., Yang, Y., Zhang, X., & Li, X. M. (2005). Chronic administration of 

quetiapine alleviates the anxiety-like behavioural changes induced by a 

neurotoxic regimen of dl-amphetamine in rats. Behavioural Brain 

Research, 160(1), 178–187. https://doi.org/10.1016/j.bbr.2004.11.028 

Heenatigala Palliyage, G., Singh, S., Ashby, C. R., Jr, Tiwari, A. K., & Chauhan, H. 

(2019). Pharmaceutical Topical Delivery of Poorly Soluble Polyphenols: 

Potential Role in Prevention and Treatment of Melanoma. AAPS 

PharmSciTech, 20(6), 250. https://doi.org/10.1208/s12249-019-1457-1 

Heinz, S., Freyberger, A., Lawrenz, B., Schuldt, L., Schmuck, G., & Ellinger-

Ziegelbauer, H. (2017). Mechanistic Investigations of the Mitochondrial 

Complex I Inhibitor Rotenone in the Context of Pharmacological and Safety 

Evaluation. Scientific Reports, 7, 45465. https://doi.org/10.1038/srep45465 

Helfand, S. L., & Rogina, B. (2003). Genetics of aging in the fruit fly, Drosophila 

melanogaster. Annual Review of Genetics, 37, 329–348. 

https://doi.org/10.1146/annurev.genet.37.040103.095211 

Hernandez, C., & Shukla, S. (2022). Liposome based drug delivery as a potential 

treatment option for Alzheimer's disease. Neural Regeneration Research, 17(6), 

1190–1198. https://doi.org/10.4103/1673-5374.327328 

Hirth F. (2010). Drosophila melanogaster in the study of human neurodegeneration. CNS 

& Neurological Disorders Drug Targets, 9(4), 504–523. 

https://doi.org/10.2174/187152710791556104 

Hodgetts, R. B., & Konopka, R. J. (1973). Tyrosine and catecholamine metabolism in 

wild-type Drosophila melanogaster and a mutant, ebony. Journal of Insect 

Physiology, 19(6), 1211–1220. https://doi.org/10.1016/0022-1910(73)90205-9 

https://doi.org/10.1534/genetics.115.183392
https://doi.org/10.3390/biom12010031
https://doi.org/10.1016/j.cbi.2018.03.008
https://doi.org/10.1049/iet-nbt.2015.0117
https://doi.org/10.1039/d1ra01725j
https://doi.org/10.1016/j.bbr.2004.11.028
https://doi.org/10.1208/s12249-019-1457-1
https://doi.org/10.1038/srep45465
https://doi.org/10.1146/annurev.genet.37.040103.095211
https://doi.org/10.4103/1673-5374.327328
https://doi.org/10.2174/187152710791556104
https://doi.org/10.1016/0022-1910(73)90205-9


 

192 
 
 

Horabin J. I. (2013). Long noncoding RNAs as metazoan developmental 

regulators. Chromosome Research : An International Journal on the Molecular, 

Supramolecular and Evolutionary Aspects of Chromosome Biology, 21(6-7), 

673–684. https://doi.org/10.1007/s10577-013-9382-8 

Hosamani, R., & Muralidhara (2009). Neuroprotective efficacy of Bacopa monnieri 

against rotenone induced oxidative stress and neurotoxicity in Drosophila 

melanogaster. Neurotoxicology, 30(6), 977–985. 

https://doi.org/10.1016/j.neuro.2009.08.012 

Hroudová, J., Singh, N., & Fišar, Z. (2014). Mitochondrial dysfunctions in 

neurodegenerative diseases: relevance to Alzheimer's disease. BioMed Research 

International, 2014, 175062. https://doi.org/10.1155/2014/175062 

Huber, R. J., Hughes, S. M., Liu, W., Morgan, A., Tuxworth, R. I., & Russell, C. (2020). 

The contribution of multicellular model organisms to neuronal ceroid 

lipofuscinosis research. Biochimica et Biophysica acta. Molecular Basis of 

Disease, 1866(9), 165614. https://doi.org/10.1016/j.bbadis.2019.165614 

Husna, F., Suyatna, F. D., Arozal, W., & Poerwaningsih, E. H. (2018). Anti-Diabetic 

Potential of Murraya Koenigii (L.) and its Antioxidant Capacity in Nicotinamide-

Streptozotocin Induced Diabetic Rats. Drug Research, 68(11), 631–636. 

https://doi.org/10.1055/a-0620-8210 

Hussain, A. J., Jahan, S., Singh, R., Saxena, J., Ashraf, S. A., Khan, A., Choudhary, R. 

K., Balakrishnan, S., Badraoui, R., Bardakci, F., & Adnan, M. (2022). Plants in 

Anticancer Drug Discovery: From Molecular Mechanism to 

Chemoprevention. BioMed Research International, 2022, 5425485. 

https://doi.org/10.1155/2022/5425485 

Hussain, I., Singh, N. B., Singh, A., Singh, H., & Singh, S. C. (2016). Green synthesis of 

nanoparticles and its potential application. Biotechnology Letters, 38(4), 545–

560. https://doi.org/10.1007/s10529-015-2026-7 

Hussein, A., Guevara, C. A., Del Valle, P., Gupta, S., Benson, D. L., & Huntley, G. W. 

(2023). Non-Motor Symptoms of Parkinson's Disease: The Neurobiology of 

Early Psychiatric and Cognitive Dysfunction. The Neuroscientist : A Review 

Journal Bringing Neurobiology, Neurology and Psychiatry, 29(1), 97–116. 

https://doi.org/10.1177/10738584211011979 

Huttunen, K. M., Terasaki, T., Urtti, A., Montaser, A. B., & Uchida, Y. (2022). 

Pharmacoproteomics of Brain Barrier Transporters and Substrate Design for the 

Brain Targeted Drug Delivery. Pharmaceutical Research, 39(7), 1363–1392. 

https://doi.org/10.1007/s11095-022-03193-2 

Ifeanyichukwu, U. L., Fayemi, O. E., & Ateba, C. N. (2020). Green Synthesis of Zinc 

Oxide Nanoparticles from Pomegranate (Punica granatum) Extracts and 

Characterization of Their Antibacterial Activity. Molecules (Basel, 

Switzerland), 25(19), 4521. https://doi.org/10.3390/molecules25194521 

India State-Level Disease Burden Initiative Neurological Disorders Collaborators 

(2021). The burden of neurological disorders across the states of India: the Global 

https://doi.org/10.1007/s10577-013-9382-8
https://doi.org/10.1016/j.neuro.2009.08.012
https://doi.org/10.1155/2014/175062
https://doi.org/10.1016/j.bbadis.2019.165614
https://doi.org/10.1055/a-0620-8210
https://doi.org/10.1155/2022/5425485
https://doi.org/10.1007/s10529-015-2026-7
https://doi.org/10.1177/10738584211011979
https://doi.org/10.1007/s11095-022-03193-2
https://doi.org/10.3390/molecules25194521


 

193 
 
 

Burden of Disease Study 1990-2019. The Lancet. Global Health, 9(8), e1129–

e1144. https://doi.org/10.1016/S2214-109X(21)00164-9 

Ionita, R., Postu, P. A., Mihasan, M., Gorgan, D. L., Hancianu, M., (2018). Ameliorative 

effects of Matricaria chamomilla L. hydroalcoholic extract on scopolamine-

induced memory impairment in rats: A behavioral and molecular 

study. Phytomedicine : International Journal of Phytotherapy and 

Phytopharmacology, 47, 113–120. 

https://doi.org/10.1016/j.phymed.2018.04.049 

Iqbal, K., Alonso, A.delC., Chen, S., Chohan, M. O., El-Akkad, E., Gong, C. X., 

Khatoon, S., Li, B., Liu, F., Rahman, A., Tanimukai, H., & Grundke-Iqbal, I. 

(2005). Tau pathology in Alzheimer disease and other tauopathies. Biochimica et 

Biophysica Acta, 1739(2-3), 198–210. 

https://doi.org/10.1016/j.bbadis.2004.09.008 

Isaacs, D., Gibson, J. S., Stovall, J., & Claassen, D. O. (2020). The Impact of 

Anosognosia on Clinical and Patient-Reported Assessments of Psychiatric 

Symptoms in Huntington's Disease. Journal of Huntington's Disease, 9(3), 291–

302. https://doi.org/10.3233/JHD-200410 

Ischiropoulos, H., & Beckman, J. S. (2003). Oxidative stress and nitration in 

neurodegeneration: cause, effect, or association?. The Journal of Clinical 

Investigation, 111(2), 163–169. https://doi.org/10.1172/JCI17638 

Islam M. T. (2017). Oxidative stress and mitochondrial dysfunction-linked 

neurodegenerative disorders. Neurological Research, 39(1), 73–82. 

https://doi.org/10.1080/01616412.2016.1251711 

Ismail, M. M., Morsy, G. M., Mohamed, H. M., El-Mansy, M. A., & Abd-Alrazk, M. M. 

(2013). FT-IR spectroscopic analyses of 4-hydroxy-1-methyl-3-[2-nitro-2-

oxoacetyl-2(1H)quinolinone (HMNOQ). Spectrochimica acta. Part A, Molecular 

and Biomolecular Spectroscopy, 113, 191–195. 

https://doi.org/10.1016/j.saa.2013.04.117 

Iyer, J., Wang, Q., Le, T., Pizzo, L., Grönke, S., Ambegaokar, S. S., Imai, Y., Srivastava, 

A., Troisí, B. L., Mardon, G., Artero, R., Jackson, G. R., Isaacs, A. M., Partridge, 

L., Lu, B., Kumar, J. P., & Girirajan, S. (2016). Quantitative Assessment of Eye 

Phenotypes for Functional Genetic Studies Using Drosophila melanogaster. G3 

(Bethesda, Md.), 6(5), 1427–1437. https://doi.org/10.1534/g3.116.027060 

Jabri, M. A., Sakly, M., Marzouki, L., &Sebai, H. (2017). Chamomile (Matricaria 

recutita L.) decoction extract inhibits in vitro intestinal glucose absorption and 

attenuates high-fat diet-induced lipotoxicity and oxidative stress. Biomedicine & 

Pharmacotherapy, 87, 153-159.https://doi.org/10.1016/j.biopha.2016.12.043 

Jadoun, S., Arif, R., Jangid, N. K., & Meena, R. K. (2021). Green synthesis of 

nanoparticles using plant extracts: A review. Environmental Chemistry 

Letters, 19, 355-374. https://doi.org/10.1007/s10311-020-01074-x 

Jahangir, M. A., Anand, C., Muheem, A., Gilani, S. J., Taleuzzaman, M., Zafar, A., Jafar, 

M., Verma, S., & Barkat, M. A. (2020). Nano Phytomedicine Based Delivery 

https://doi.org/10.1016/S2214-109X(21)00164-9
https://doi.org/10.1016/j.phymed.2018.04.049
https://doi.org/10.1016/j.bbadis.2004.09.008
https://doi.org/10.3233/JHD-200410
https://doi.org/10.1172/JCI17638
https://doi.org/10.1080/01616412.2016.1251711
https://doi.org/10.1016/j.saa.2013.04.117
https://doi.org/10.1534/g3.116.027060
https://doi.org/10.1016/j.biopha.2016.12.043
https://doi.org/10.1007/s10311-020-01074-x


 

194 
 
 

System for CNS Disease. Current Drug Metabolism, 21(9), 661–673. 

https://doi.org/10.2174/1389200221666200523161003 

Jaiswal, V., & Lee, H. J. (2022). Antioxidant Activity of Urtica dioica: An Important 

Property Contributing to Multiple Biological Activities. Antioxidants (Basel, 

Switzerland), 11(12), 2494. https://doi.org/10.3390/antiox11122494 

James, L. M., & Georgopoulos, A. P. (2022). High Correlations Among Worldwide 

Prevalence of Dementias, Parkinson's Disease, Multiple Sclerosis, and Motor 

Neuron Diseases Indicate Common Causative Factors. Neuroscience 

Insights, 17, 26331055221117598. https://doi.org/10.1177/26331055221117598 

Javed, H., Meeran, M. F. N., Azimullah, S., Bader Eddin, L., Dwivedi, V. D., Jha, N. K., 

& Ojha, S. (2020). α-Bisabolol, a Dietary Bioactive Phytochemical Attenuates 

Dopaminergic Neurodegeneration through Modulation of Oxidative Stress, 

Neuroinflammation and Apoptosis in Rotenone-Induced Rat Model of 

Parkinson's disease. Biomolecules, 10(10), 1421. 

https://doi.org/10.3390/biom10101421 

Jeibmann, A., & Paulus, W. (2009). Drosophila melanogaster as a model organism of 

brain diseases. International Journal of Molecular Sciences, 10(2), 407–440. 

https://doi.org/10.3390/ijms10020407 

Jellinger K. A. (2010). Basic mechanisms of neurodegeneration: a critical 

update. Journal of Cellular and Molecular Medicine, 14(3), 457–487. 

https://doi.org/10.1111/j.1582-4934.2010.01010.x 

Jeromin, A., & Bowser, R. (2017). Biomarkers in Neurodegenerative Diseases. Advances 

in neurobiology, 15, 491–528. https://doi.org/10.1007/978-3-319-57193-5_20 

Jha, S., Rani, R., & Singh, S. (2023). Biogenic Zinc Oxide Nanoparticles and Their 

Biomedical Applications: A Review. Journal of Inorganic and Organometallic 

Polymers and Materials, 1–16. Advance online publication. 

https://doi.org/10.1007/s10904-023-02550-x 

Jiang, J., Pi, J., & Cai, J. (2018). The Advancing of Zinc Oxide Nanoparticles for 

Biomedical Applications. Bioinorganic Chemistry and Applications, 2018, 

1062562. https://doi.org/10.1155/2018/1062562 

Jiang, X., Li, S., Xiang, G., Li, Q., Fan, L., He, L., & Gu, K. (2016). Determination of 

the acid values of edible oils via FTIR spectroscopy based on the OH stretching 

band. Food Chemistry, 212, 585–589. 

https://doi.org/10.1016/j.foodchem.2016.06.035 

Jin, G. Z., Chakraborty, A., Lee, J. H., Knowles, J. C., & Kim, H. W. (2020). Targeting 

with nanoparticles for the therapeutic treatment of brain diseases. Journal of 

Tissue Engineering, 11, 2041731419897460. 

https://doi.org/10.1177/2041731419897460 

Jin, H., Crimmins, E., Langa, K. M., Dey, A. B., & Lee, J. (2023). Estimating the 

Prevalence of Dementia in India Using a Semi-Supervised Machine Learning 

Approach. Neuroepidemiology, 57(1), 43–50. https://doi.org/10.1159/000528904  

https://doi.org/10.2174/1389200221666200523161003
https://doi.org/10.3390/antiox11122494
https://doi.org/10.1177/26331055221117598
https://doi.org/10.3390/biom10101421
https://doi.org/10.3390/ijms10020407
https://doi.org/10.1111/j.1582-4934.2010.01010.x
https://doi.org/10.1007/978-3-319-57193-5_20
https://doi.org/10.1007/s10904-023-02550-x
https://doi.org/10.1155/2018/1062562
https://doi.org/10.1016/j.foodchem.2016.06.035
https://doi.org/10.1177/2041731419897460


 

195 
 
 

Joe, E., & Ringman, J. M. (2019). Cognitive symptoms of Alzheimer's disease: clinical 

management and prevention. BMJ (Clinical Research Ed.), 367, l6217. 

https://doi.org/10.1136/bmj.l6217 

Jollow, D., Thorgeirsson, S. S., Potter, W. Z., Hashimoto, M., & Mitchell, J. R. (1974). 

Acetaminophen-induced hepatic necrosis. Pharmacology, 12(4-5), 251-271. 

https://doi.org/10.1159/000136547 

Jones C. G. (2012). Scanning electron microscopy: preparation and imaging for 

SEM. Methods in Molecular Biology (Clifton, N.J.), 915, 1–20. 

https://doi.org/10.1007/978-1-61779-977-8_1 

Juan, C. A., Pérez de la Lastra, J. M., Plou, F. J., & Pérez-Lebeña, E. (2021). The 

Chemistry of Reactive Oxygen Species (ROS) Revisited: Outlining Their Role in 

Biological Macromolecules (DNA, Lipids and Proteins) and Induced 

Pathologies. International Journal of Molecular Sciences, 22(9), 4642. 

https://doi.org/10.3390/ijms22094642 

Kabir, M. T., Rahman, M. H., Shah, M., Jamiruddin, M. R., Basak, D., Al-Harrasi, A., 

Bhatia, S., Ashraf, G. M., Najda, A., El-Kott, A. F., Mohamed, H. R. H., Al-

Malky, H. S., Germoush, M. O., Altyar, A. E., Alwafai, E. B., & Abdel-Daim, M. 

M. (2022). Therapeutic promise of carotenoids as antioxidants and anti-

inflammatory agents in neurodegenerative disorders. Biomedicine & 

Pharmacotherapy = Biomedecine & Pharmacotherapie, 146, 112610. 

https://doi.org/10.1016/j.biopha.2021.112610 

Kader, D. A., Rashid, S. O., & Omer, K. M. (2023). Green nanocomposite: fabrication, 

characterization, and photocatalytic application of vitamin C adduct-conjugated 

ZnO nanoparticles. RSC Advances, 13(15), 9963–9977. 

https://doi.org/10.1039/d2ra06575d 

Kavitha, A., Doss, A., Pole, R. P., Rani, T. K. P., Prasad, R., & Satheesh, S. (2023). A 

mini review on plant-mediated zinc oxide nanoparticles and their antibacterial 

potency. Biocatalysis and Agricultural Biotechnology, 102654. 

https://doi.org/10.1016/j.bcab.2023.102654 

Keihanian, F., Moohebati, M., Saeidinia, A., Mohajeri, S. A., & Madaeni, S. (2021). 

Therapeutic effects of medicinal plants on isoproterenol-induced heart failure in 

rats. Biomedicine & Pharmacotherapy = Biomedecine & 

Pharmacotherapie, 134, 111101. https://doi.org/10.1016/j.biopha.2020.111101 

Khaleghi, S., Khayatzadeh, J., & Neamati, A. (2022). Biosynthesis of Zinc Oxide 

nanoparticles using Origanum majorana L. leaf extract, its antioxidant, and 

cytotoxic activities. Materials Technology, 1-10. 

https://doi.org/10.1080/10667857.2022.2044218 

Khan, N., Kalam, M. A., Alam, M. T., Haq, S. A. U., Showket, W., Dar, Z. A., Rafiq, N., 

Mushtaq, W,. (2023). Drug Standardization through Pharmacognostic 

Approaches and Estimation of Anticancer Potential of Chamomile (Matricaria 

chamomilla L.) using Prostate-Cancer cell lines: An In-vitro Study. Journal of 

Cancer, 14(3), 490–504. https://doi.org/10.7150/jca.77110 

https://doi.org/10.1136/bmj.l6217
https://doi.org/10.1159/000136547
https://doi.org/10.1007/978-1-61779-977-8_1
https://doi.org/10.3390/ijms22094642
https://doi.org/10.1016/j.biopha.2021.112610
https://doi.org/10.1039/d2ra06575d
https://doi.org/10.1016/j.bcab.2023.102654
https://doi.org/10.1016/j.biopha.2020.111101
https://doi.org/10.1080/10667857.2022.2044218
https://doi.org/10.7150/jca.77110


 

196 
 
 

Kiani, B. H., Haq, I. U., Alhodaib, A., Basheer, S., Fatima, H., Naz, I., & Ur-Rehman, T. 

(2022). Comparative Evaluation of Biomedical Applications of Zinc 

Nanoparticles Synthesized by Using Withania somnifera Plant Extracts. Plants 

(Basel, Switzerland), 11(12), 1525. https://doi.org/10.3390/plants11121525 

Kiernan, M. C., Vucic, S., Talbot, K., McDermott, C. J., Hardiman, O., Shefner, J. M., 

Al-Chalabi, A., Huynh, W., Cudkowicz, M., Talman, P., Van den Berg, L. H., 

Dharmadasa, T., Wicks, P., Reilly, C., & Turner, M. R. (2021). Improving clinical 

trial outcomes in amyotrophic lateral sclerosis. Nature Reviews. 

Neurology, 17(2), 104–118. https://doi.org/10.1038/s41582-020-00434-z 

Kim, M. J., Rehman, S. U., Amin, F. U., & Kim, M. O. (2017). Enhanced neuroprotection 

of anthocyanin-loaded PEG-gold nanoparticles against Aβ1-42-induced 

neuroinflammation and neurodegeneration via the NF-KB /JNK/GSK3β signaling 

pathway. Nanomedicine : Nanotechnology, Biology, and Medicine, 13(8), 2533–

2544. https://doi.org/10.1016/j.nano.2017.06.022 

Kinghorn, K. J., Castillo-Quan, J. I., Bartolome, F., Angelova, P. R., Li, L., Pope, S., 

Cochemé, H. M., Khan, S., Asghari, S., Bhatia, K. P., Hardy, J., Abramov, A. Y., 

& Partridge, L. (2015). Loss of PLA2G6 leads to elevated mitochondrial lipid 

peroxidation and mitochondrial dysfunction. Brain : A Journal of 

Neurology, 138(Pt 7), 1801–1816. https://doi.org/10.1093/brain/awv132 

Kinney, J. W., Bemiller, S. M., Murtishaw, A. S., Leisgang, A. M., Salazar, A. M., & 

Lamb, B. T. (2018). Inflammation as a central mechanism in Alzheimer's 

disease. Alzheimer's & Dementia (New York, N. Y.), 4, 575–590. 

https://doi.org/10.1016/j.trci.2018.06.014 

Kitchen Andren, K. A., Gabel, N. M., Stelmokas, J., Rich, A. M., & Bieliauskas, L. A. 

(2017). Population Base Rates and Disease Course of Common Psychiatric and 

Neurodegenerative Disorders. Neuropsychology Review, 27(3), 284–301. 

https://doi.org/10.1007/s11065-017-9357-1 

Kivipelto, M., Mangialasche, F., & Ngandu, T. (2018). Lifestyle interventions to prevent 

cognitive impairment, dementia and Alzheimer disease. Nature Reviews. 

Neurology, 14(11), 653–666. https://doi.org/10.1038/s41582-018-0070-3 

Kola, A., Lamponi, S., Currò, F., & Valensin, D. (2023). A Comparative Study between 

Lycorine and Galantamine Abilities to Interact with AMYLOID β and Reduce In 

Vitro Neurotoxicity. International Journal of Molecular Sciences, 24(3), 2500. 

https://doi.org/10.3390/ijms24032500 

Kolli, N., Lu, M., Maiti, P., Rossignol, J., & Dunbar, G. L. (2017). CRISPR-Cas9 

Mediated Gene-Silencing of the Mutant Huntingtin Gene in an In Vitro Model of 

Huntington's Disease. International Journal of Molecular Sciences, 18(4), 754. 

https://doi.org/10.3390/ijms18040754 

Kolodziejczyk-Czepas, J., Bijak, M., Saluk, J., Ponczek, M. B., Zbikowska, H. M., 

Nowak, P., Tsirigotis-Maniecka, M., & Pawlaczyk, I. (2015). Radical scavenging 

and antioxidant effects of Matricaria chamomilla polyphenolic-polysaccharide 

conjugates. International Journal of Biological Macromolecules, 72, 1152–1158. 

https://doi.org/10.1016/j.ijbiomac.2014.09.032 

https://doi.org/10.3390/plants11121525
https://doi.org/10.1038/s41582-020-00434-z
https://doi.org/10.1016/j.nano.2017.06.022
https://doi.org/10.1093/brain/awv132
https://doi.org/10.1016/j.trci.2018.06.014
https://doi.org/10.1007/s11065-017-9357-1
https://doi.org/10.1038/s41582-018-0070-3
https://doi.org/10.3390/ijms24032500
https://doi.org/10.3390/ijms18040754
https://doi.org/10.1016/j.ijbiomac.2014.09.032


 

197 
 
 

Kong, Y., Wang, F., Wang, J., Liu, C., Zhou, Y., Xu, Z., Zhang, C., Sun, B., & Guan, Y. 

(2020). Pathological Mechanisms Linking Diabetes Mellitus and Alzheimer's 

Disease: the Receptor for Advanced Glycation End Products (RAGE). Frontiers 

in Aging Neuroscience, 12, 217. https://doi.org/10.3389/fnagi.2020.00217 

Kregiel, D., Pawlikowska, E., & Antolak, H. (2018). Urtica spp.: Ordinary Plants with 

Extraordinary Properties. Molecules (Basel, Switzerland), 23(7), 1664. 

https://doi.org/10.3390/molecules23071664 

Król, A., Pomastowski, P., Rafińska, K., Railean-Plugaru, V., & Buszewski, B. (2017). 

Zinc oxide nanoparticles: Synthesis, antiseptic activity and toxicity 

mechanism. Advances in Colloid and Interface Science, 249, 37–52. 

https://doi.org/10.1016/j.cis.2017.07.033 

Kuhlmann, T., Moccia, M., Coetzee, T., Cohen, J. A., Correale, J., Graves, J., Marrie, R. 

A., Montalban, X., Yong, V. W., Thompson, A. J., Reich, D. S., & International 

Advisory Committee on Clinical Trials in Multiple Sclerosis (2023). Multiple 

sclerosis progression: time for a new mechanism-driven framework. The Lancet. 

Neurology, 22(1), 78–88. https://doi.org/10.1016/S1474-4422(22)00289-7 

Kumar, A., Kumar Singh, S., Kumar, V., Kumar, D., Agarwal, S., & Rana, M. K. (2015). 

Huntington's disease: an update of therapeutic strategies. Gene, 556(2), 91–97. 

https://doi.org/10.1016/j.gene.2014.11.022 

Kumar, P. P., Bawani, S. S., Anandhi, D. U., & Prashanth, K. V. H. (2022). Rotenone 

mediated developmental toxicity in Drosophila melanogaster. Environmental 

Toxicology and Pharmacology, 93, 103892. 

https://doi.org/10.1016/j.etap.2022.103892 

Kusuma, I. W., Kuspradini, H., Arung, E. T., Aryani, F., Min, Y. H., Kim, J. S., & Kim, 

Y. U. (2011). Biological activity and phytochemical analysis of three Indonesian 

medicinal plants, Murraya koenigii, Syzygiupolyanthum, and Zingiber 

purpurea. Journal of Acupuncture and Meridian Studies, 4(1), 75-

79.https://doi.org/10.1016/S2005-2901(11)60010-1 

Kutzelnigg, A., & Lassmann, H. (2014). Pathology of multiple sclerosis and related 

inflammatory demyelinating diseases. Handbook of Clinical Neurology, 122, 15–

58. https://doi.org/10.1016/B978-0-444-52001-2.00002-9 

Kuznetsov, A. V., Margreiter, R., Ausserlechner, M. J., & Hagenbuchner, J. (2022). The 

Complex Interplay between Mitochondria, ROS and Entire Cellular 

Metabolism. Antioxidants (Basel, Switzerland), 11(10), 1995. 

https://doi.org/10.3390/antiox11101995 

Lansdown, A. B., Mirastschijski, U., Stubbs, N., Scanlon, E., & Agren, M. S. (2007). 

Zinc in wound healing: theoretical, experimental, and clinical aspects. Wound 

Repair and Regeneration : Official Publication of the Wound Healing Society 

[and] the European Tissue Repair Society, 15(1), 2–16. 

https://doi.org/10.1111/j.1524-475X.2006.00179.x 

Latif, S., Jahangeer, M., Maknoon Razia, D., Ashiq, M., Ghaffar, A., Akram, M., El 

Allam, A., Bouyahya, A., Garipova, L., Ali Shariati, M., Thiruvengadam, M., & 

Azam Ansari, M. (2021). Dopamine in Parkinson's disease. Clinica Chimica 

https://doi.org/10.3389/fnagi.2020.00217
https://doi.org/10.3390/molecules23071664
https://doi.org/10.1016/j.cis.2017.07.033
https://doi.org/10.1016/S1474-4422(22)00289-7
https://doi.org/10.1016/j.gene.2014.11.022
https://doi.org/10.1016/j.etap.2022.103892
https://doi.org/10.1016/S2005-2901(11)60010-1
https://doi.org/10.1016/B978-0-444-52001-2.00002-9
https://doi.org/10.3390/antiox11101995
https://doi.org/10.1111/j.1524-475X.2006.00179.x


 

198 
 
 

Acta; International Journal of Clinical Chemistry, 522, 114–126. 

https://doi.org/10.1016/j.cca.2021.08.009 

Laturney, M., & Billeter, J. C. (2014). Neurogenetics of female reproductive behaviors 

in Drosophila melanogaster. Advances in Genetics, 85, 1–108. 

https://doi.org/10.1016/B978-0-12-800271-1.00001-9 

Lenz, S., Karsten, P., Schulz, J. B., & Voigt, A. (2013). Drosophila as a screening tool to 

study human neurodegenerative diseases. Journal of Neurochemistry, 127(4), 

453–460. https://doi.org/10.1111/jnc.12446 

Leslie, E. M., Mao, Q., Oleschuk, C. J., Deeley, R. G., & Cole, S. P. (2001). Modulation 

of multidrug resistance protein 1 (MRP1/ABCC1) transport and atpase activities 

by interaction with dietary flavonoids. Molecular Pharmacology, 59(5), 1171–

1180. https://doi.org/10.1124/mol.59.5.1171 

Letchumanan, D., Sok, S. P. M., Ibrahim, S., Nagoor, N. H., & Arshad, N. M. (2021). 

Plant-Based Biosynthesis of Copper/Copper Oxide Nanoparticles: An Update on 

Their Applications in Biomedicine, Mechanisms, and 

Toxicity. Biomolecules, 11(4), 564. https://doi.org/10.3390/biom11040564 

Li, J., Zheng, M., Shimoni, O., Banks, W. A., Bush, A. I., Gamble, J. R., & Shi, B. (2021). 

Development of Novel Therapeutics Targeting the Blood-Brain Barrier: From 

Barrier to Carrier. Advanced Science (Weinheim, Baden-Wurttemberg, 

Germany), 8(16), e2101090. https://doi.org/10.1002/advs.202101090 

Li, S., Schöneich, C., & Borchardt, R. T. (1995). Chemical instability of protein 

pharmaceuticals: Mechanisms of oxidation and strategies for 

stabilization. Biotechnology and Bioengineering, 48(5), 490–500. 

https://doi.org/10.1002/bit.260480511 

Li, Y., Ritzel, R. M., Khan, N., Cao, T., He, J., Lei, Z., Matyas, J. J., Sabirzhanov, B., Liu, 

S., Li, H., Stoica, B. A., Loane, D. J., Faden, A. I., & Wu, J. (2020). Delayed 

microglial depletion after spinal cord injury reduces chronic inflammation and 

neurodegeneration in the brain and improves neurological recovery in male 

mice. Theranostics, 10(25), 11376–11403. https://doi.org/10.7150/thno.49199 

Lim, J., Yeap, S. P., Che, H. X., & Low, S. C. (2013). Characterization of magnetic 

nanoparticle by dynamic light scattering. Nanoscale Research Letters, 8(1), 381. 

https://doi.org/10.1186/1556-276X-8-381 

Lin, M. T., & Beal, M. F. (2006). Mitochondrial dysfunction and oxidative stress in 

neurodegenerative diseases. Nature, 443(7113), 787–795. 

https://doi.org/10.1038/nature05292 

Lipovsky, A., Nitzan, Y., Gedanken, A., & Lubart, R. (2011). Antifungal activity of ZnO 

nanoparticles--the role of ROS mediated cell injury. Nanotechnology, 22(10), 

105101. https://doi.org/10.1088/0957-4484/22/10/105101 

Liu, J., Kang, R., & Tang, D. (2022). Signaling pathways and defense mechanisms of 

ferroptosis. The FEBS Journal, 289(22), 7038–7050. 

https://doi.org/10.1111/febs.16059 

https://doi.org/10.1016/j.cca.2021.08.009
https://doi.org/10.1016/B978-0-12-800271-1.00001-9
https://doi.org/10.1111/jnc.12446
https://doi.org/10.1124/mol.59.5.1171
https://doi.org/10.3390/biom11040564
https://doi.org/10.1002/advs.202101090
https://doi.org/10.1002/bit.260480511
https://doi.org/10.7150/thno.49199
https://doi.org/10.1186/1556-276X-8-381
https://doi.org/10.1038/nature05292
https://doi.org/10.1088/0957-4484/22/10/105101
https://doi.org/10.1111/febs.16059


 

199 
 
 

Liu, Z., Zhou, T., Ziegler, A. C., Dimitrion, P., & Zuo, L. (2017). Oxidative Stress in 

Neurodegenerative Diseases: From Molecular Mechanisms to Clinical 

Applications. Oxidative Medicine and Cellular Longevity, 2017, 2525967. 

https://doi.org/10.1155/2017/2525967 

Londono, C., Osorio, C., Gama, V., & Alzate, O. (2012). Mortalin, apoptosis, and 

neurodegeneration. Biomolecules, 2(1), 143–164. 

https://doi.org/10.3390/biom2010143 

Lowry, O. H., Rosebrough, N. J., Farr, A. L., & Randall, R. J. (1951). Protein 

measurement with the Folin phenol reagent. Journal of Biological 

Chemistry, 193, 265-275. 

Luckinbill, L. S., Arking, R., Clare, M. J., Cirocco, W. C., & Buck, S. A. (1984). Selection 

for delayed senescence in Drosophila melanogaster. Evolution; International 

Journal of Organic Evolution, 38(5), 996–1003. https://doi.org/10.1111/j.1558-

5646.1984.tb00369.x 

Mahaman, Y. A. R., Embaye, K. S., Huang, F., Li, L., Zhu, F., Wang, J. Z., Liu, R., Feng, 

J., & Wang, X. (2022). Biomarkers used in Alzheimer's disease diagnosis, 

treatment, and prevention. Ageing Research Reviews, 74, 101544. 

https://doi.org/10.1016/j.arr.2021.101544 

Mailänder, L. K., Lorenz, P., Bitterling, H., Stintzing, F. C., Daniels, R., & Kammerer, 

D. R. (2022). Phytochemical Characterization of Chamomile (Matricaria 

recutita L.) Roots and Evaluation of Their Antioxidant and Antibacterial 

Potential. Molecules (Basel, Switzerland), 27(23), 8508. 

https://doi.org/10.3390/molecules27238508 

Makdissi, S., Parsons, B. D., & Di Cara, F. (2023). Towards early detection of 

neurodegenerative diseases: A gut feeling. Frontiers in Cell and Developmental 

Biology, 11, 1087091. https://doi.org/10.3389/fcell.2023.1087091 

Malode, G. P., Parbat, A. Y., Shaikh, A. R., Panchale, W. A., Manwar, J. V., & Bakal, R. 

L. (2021). Phytochemistry, pharmacology and botanical aspects of Murraya 

Koenigii in the search for molecules with bioactive potential-A review. GSC 

Advanced Research and Reviews, 6(3), 143-155. 

https://doi.org/10.30574/gscarr.2021.6.3.0055 

Mandal, A. K., Katuwal, S., Tettey, F., Gupta, A., Bhattarai, S., Jaisi, S., Bhandari, D. P., 

Shah, A. K., Bhattarai, N., & Parajuli, N. (2022). Current Research on Zinc Oxide 

Nanoparticles: Synthesis, Characterization, and Biomedical 

Applications. Nanomaterials (Basel, Switzerland), 12(17), 3066. 

https://doi.org/10.3390/nano12173066 

Mani, V., Ramasamy, K., & Abdul Majeed, A. B. (2013). Anti-inflammatory, analgesic 

and anti-ulcerogenic effect of total alkaloidal extract from Murraya koenigii 

leaves in animal models. Food & Function, 4(4), 557–567. 

https://doi.org/10.1039/c3fo30356j 

Mani, V., Ramasamy, K., Ahmad, A., Wahab, S. N., Jaafar, S. M., Kek, T. L., Salleh, M. 

Z., & Majeed, A. B. (2013). Effects of the total alkaloidal extract of Murraya 

koenigii leaf on oxidative stress and cholinergic transmission in aged 

https://doi.org/10.1155/2017/2525967
https://doi.org/10.3390/biom2010143
https://doi.org/10.1111/j.1558-5646.1984.tb00369.x
https://doi.org/10.1111/j.1558-5646.1984.tb00369.x
https://doi.org/10.1016/j.arr.2021.101544
https://doi.org/10.3390/molecules27238508
https://doi.org/10.3389/fcell.2023.1087091
https://doi.org/10.30574/gscarr.2021.6.3.0055
https://doi.org/10.3390/nano12173066
https://doi.org/10.1039/c3fo30356j


 

200 
 
 

mice. Phytotherapy Research : PTR, 27(1), 46–53. 

https://doi.org/10.1002/ptr.4676 

Manojkumar, U., Kaliannan, D., Srinivasan, V., Balasubramanian, B., Kamyab, H., 

Mussa, Z. H., ... & Palaninaicker, S. (2023). Green synthesis of zinc oxide 

nanoparticles using Brassica oleracea var. botrytis leaf extract: Photocatalytic, 

antimicrobial and larvicidal activity. Chemosphere, 323, 138263. 

https://doi.org/10.1016/j.chemosphere.2023.138263 

Mansor, N. I., Nordin, N., Mohamed, F., Ling, K. H., Rosli, R., & Hassan, Z. (2019). 

Crossing the Blood-Brain Barrier: A Review on Drug Delivery Strategies for 

Treatment of the Central Nervous System Diseases. Current Drug 

Delivery, 16(8), 698–711. 

https://doi.org/10.2174/1567201816666190828153017 

Markom, M., Hasan, M., Daud, W. R. W., Singh, H., & Jahim, J. M. (2007). Extraction 

of hydrolysable tannins from Phyllanthus niruri Linn.: Effects of solvents and 

extraction methods. Separation and Purification Technology, 52(3), 487-496. 

https://doi.org/10.1016/j.seppur.2006.06.003 

Marks, N., & Berg, M. J. (1999). Recent advances on neuronal caspases in development 

and neurodegeneration. Neurochemistry International, 35(3), 195–220. 

https://doi.org/10.1016/s0197-0186(99)00061-3 

Masoudi Asil, S., , Ahlawat, J., , Guillama Barroso, G., , & Narayan, M., (2020). 

Nanomaterial based drug delivery systems for the treatment of neurodegenerative 

diseases. Biomaterials Science, 8(15), 4109–4128. 

https://doi.org/10.1039/d0bm00809e 

Matthews, M. K., Malcolm, J., & Chaston, J. M. (2021). Microbiota Influences Fitness 

and Timing of Reproduction in the Fruit Fly Drosophila 

melanogaster. Microbiology Spectrum, 9(2), e0003421. 

https://doi.org/10.1128/Spectrum.00034-21 

Maurya, R., Bhattacharjee, G., Khambhati, K., Gohil, N., Singh, P., Mani, I., Chu, D. T., 

Ramakrishna, S., Show, P. L., & Singh, V. (2023). Amyloid precursor protein in 

Alzheimer's disease. Progress in Molecular Biology and Translational 

Science, 196, 261–270. https://doi.org/10.1016/bs.pmbts.2022.09.006 

McGinley, M. P., Goldschmidt, C. H., & Rae-Grant, A. D. (2021). Diagnosis and 

Treatment of Multiple Sclerosis: A Review. JAMA, 325(8), 765–779. 

https://doi.org/10.1001/jama.2020.26858 

McKay, D. L., & Blumberg, J. B. (2006). A review of the bioactivity and potential health 

benefits of chamomile tea (Matricaria recutita L.). Phytotherapy Research : 

PTR, 20(7), 519–530. https://doi.org/10.1002/ptr.1900 

Migliore, L., Uboldi, C., Di Bucchianico, S., & Coppedè, F. (2015). Nanomaterials and 

neurodegeneration. Environmental and Molecular Mutagenesis, 56(2), 149–170. 

https://doi.org/10.1002/em.21931 

Miguel, F. G., Cavalheiro, A. H., Spinola, N. F., Ribeiro, D. L., Barcelos, G. R., 

Validation of a RP-HPLC-DAD Method for Chamomile (Matricaria recutita) 

Preparations and Assessment of the Marker, Apigenin-7-glucoside, Safety and 

https://doi.org/10.1002/ptr.4676
https://doi.org/10.1016/j.chemosphere.2023.138263
https://doi.org/10.2174/1567201816666190828153017
https://doi.org/10.1016/j.seppur.2006.06.003
https://doi.org/10.1016/s0197-0186(99)00061-3
https://doi.org/10.1039/d0bm00809e
https://doi.org/10.1128/Spectrum.00034-21
https://doi.org/10.1016/bs.pmbts.2022.09.006
https://doi.org/10.1001/jama.2020.26858
https://doi.org/10.1002/ptr.1900
https://doi.org/10.1002/em.21931


 

201 
 
 

Anti-Inflammatory Effect. Evidence-Based Complementary and Alternative 

Medicine : eCAM, 2015, 828437. https://doi.org/10.1155/2015/828437 

Mihyaoui, A., Esteves da Silva, J. C. G., Charfi, S., Candela Castillo, M. E., Lamarti, A., 

& Arnao, M. B. (2022). Chamomile (Matricaria chamomilla L.): A Review of 

Ethnomedicinal Use, Phytochemistry and Pharmacological Uses. Life (Basel, 

Switzerland), 12(4), 479. https://doi.org/10.3390/life12040479 

Miraj, S., & Alesaeidi, S. (2016). A systematic review study of therapeutic effects of 

Matricaria recuitta chamomile (chamomile). Electronic Physician, 8(9), 3024–

3031. https://doi.org/10.19082/3024 

Mishra, P. K., Mishra, H., Ekielski, A., Talegaonkar, S., & Vaidya, B. (2017). Zinc oxide 

nanoparticles: a promising nanomaterial for biomedical applications. Drug 

Discovery Today, 22(12), 1825–1834. 

https://doi.org/10.1016/j.drudis.2017.08.006  

Misra, A., Ganesh, S., Shahiwala, A., & Shah, S. P. (2003). Drug delivery to the central 

nervous system: a review. Journal of Pharmacy & Pharmaceutical Sciences : A 

Publication of the Canadian Society for Pharmaceutical Sciences, Societe 

Canadienne Des Sciences Pharmaceutiques, 6(2), 252–273. 

Mitra, E., Ghosh, A. K., Ghosh, D., Mukherjee, D., Chattopadhyay, A., Dutta, S., (2012). 

Protective effect of aqueous Curry leaf (Murraya koenigii) extract against 

cadmium-induced oxidative stress in rat heart. Food and Chemical Toxicology : 

An International Journal Published for the British Industrial Biological Research 

Association, 50(5), 1340–1353. https://doi.org/10.1016/j.fct.2012.01.048 

Moloney, A., Sattelle, D. B., Lomas, D. A., & Crowther, D. C. (2010). Alzheimer's 

disease: insights from Drosophila melanogaster models. Trends in Biochemical 

Sciences, 35(4), 228–235. https://doi.org/10.1016/j.tibs.2009.11.004 

Moloudizargari, M., Asghari, M. H., Ghobadi, E., Fallah, M., Rasouli, S., & Abdollahi, 

M. (2017). Autophagy, its mechanisms and regulation: Implications in 

neurodegenerative diseases. Ageing Research Reviews, 40, 64–74. 

https://doi.org/10.1016/j.arr.2017.09.005 

Mondal, P., Natesh, J., Penta, D., & Meeran, S. M. (2022). Extract of Murraya koenigii 

selectively causes genomic instability by altering redox-status via targeting 

PI3K/AKT/Nrf2/caspase-3 signaling pathway in human non-small cell lung 

cancer. Phytomedicine : International Journal of Phytotherapy and 

Phytopharmacology, 104, 154272. 

https://doi.org/10.1016/j.phymed.2022.154272 

Monteys, A. M., Ebanks, S. A., Keiser, M. S., & Davidson, B. L. (2017). CRISPR/Cas9 

Editing of the Mutant Huntingtin Allele In Vitro and In Vivo. Molecular Therapy 

: The Journal of the American Society of Gene Therapy, 25(1), 12–23. 

https://doi.org/10.1016/j.ymthe.2016.11.010 

Moreau, K. L., & King, J. A. (2012). Protein misfolding and aggregation in cataract 

disease and prospects for prevention. Trends in Molecular Medicine, 18(5), 273–

282. https://doi.org/10.1016/j.molmed.2012.03.005 

https://doi.org/10.1155/2015/828437
https://doi.org/10.3390/life12040479
https://doi.org/10.19082/3024
https://doi.org/10.1016/j.drudis.2017.08.006
https://doi.org/10.1016/j.fct.2012.01.048
https://doi.org/10.1016/j.tibs.2009.11.004
https://doi.org/10.1016/j.arr.2017.09.005
https://doi.org/10.1016/j.phymed.2022.154272
https://doi.org/10.1016/j.ymthe.2016.11.010
https://doi.org/10.1016/j.molmed.2012.03.005


 

202 
 
 

Moujalled, D., Strasser, A., & Liddell, J. R. (2021). Molecular mechanisms of cell death 

in neurological diseases. Cell Death and Differentiation, 28(7), 2029–2044. 

https://doi.org/10.1038/s41418-021-00814-y 

Moustafa, A. A., Chakravarthy, S., Phillips, J. R., Gupta, A., Keri, S., Polner, B., Frank, 

M. J., & Jahanshahi, M. (2016). Motor symptoms in Parkinson's disease: A 

unified framework. Neuroscience and Biobehavioral Reviews, 68, 727–740. 

https://doi.org/10.1016/j.neubiorev.2016.07.010 

Musachio, E. A. S., Poetini, M. R., Janner, D. E., Meichtry, L. B., Poleto, K. H., 

Fernandes, E. J., Guerra, G. P., & Prigol, M. (2022). Sex-specific changes in 

oxidative stress parameters and longevity produced by Bisphenol F and S 

compared to Bisphenol A in Drosophila melanogaster. Comparative Biochemistry 

and Physiology. Toxicology & Pharmacology : CBP, 257, 109329. 

https://doi.org/10.1016/j.cbpc.2022.109329 

Nagajyothi, P. C., Muthuraman, P., Tettey, C. O., Yoo, K., & Shim, J. (2021). In vitro 

anticancer activity of eco-friendly synthesized ZnO/Ag 

nanocomposites. Ceramics International, 47(24), 34940-34948. 

https://doi.org/10.1016/j.ceramint.2021.09.035 

Nagappan, T., Ramasamy, P., Wahid, M. E., Segaran, T. C., & Vairappan, C. S. (2011). 

Biological activity of carbazole alkaloids and essential oil of Murraya koenigii 

against antibiotic resistant microbes and cancer cell lines. Molecules (Basel, 

Switzerland), 16(11), 9651–9664. https://doi.org/10.3390/molecules16119651 

Nakmode, D. D., Day, C. M., Song, Y., & Garg, S. (2023). The Management of 

Parkinson's Disease: An Overview of the Current Advancements in Drug 

Delivery Systems. Pharmaceutics, 15(5), 1503. 

https://doi.org/10.3390/pharmaceutics15051503 

Nandi, A., Counts, N., Chen, S., Seligman, B., Tortorice, D., Vigo, D., & Bloom, D. E. 

(2022). Global and regional projections of the economic burden of Alzheimer's 

disease and related dementias from 2019 to 2050: A value of statistical life 

approach. EClinicalMedicine, 51, 101580. 

https://doi.org/10.1016/j.eclinm.2022.101580 

Naseer, M., Aslam, U., Khalid, B., & Chen, B. (2020). Green route to synthesize Zinc 

Oxide Nanoparticles using leaf extracts of Cassia fistula and Melia azadarach 

and their antibacterial potential. Scientific Reports, 10(1), 9055. 

https://doi.org/10.1038/s41598-020-65949-3 

Nasrollahzadeh, M., Ghorbannezhad, F., Issaabadi, Z., & Sajadi, S. M. (2019). Recent 

Developments in the Biosynthesis of Cu-Based Recyclable Nanocatalysts Using 

Plant Extracts and their Application in the Chemical Reactions. Chemical Record 

(New York, N.Y.), 19(2-3), 601–643. https://doi.org/10.1002/tcr.201800069 

Nath, M., & Debnath, P. (2022). Therapeutic role of traditionally used Indian medicinal 

plants and spices in combating COVID-19 pandemic situation. Journal of 

Biomolecular Structure & Dynamics, 1–20. Advance online publication. 

https://doi.org/10.1080/07391102.2022.2093793 

https://doi.org/10.1038/s41418-021-00814-y
https://doi.org/10.1016/j.neubiorev.2016.07.010
https://doi.org/10.1016/j.cbpc.2022.109329
https://doi.org/10.1016/j.ceramint.2021.09.035
https://doi.org/10.3390/molecules16119651
https://doi.org/10.3390/pharmaceutics15051503
https://doi.org/10.1016/j.eclinm.2022.101580
https://doi.org/10.1038/s41598-020-65949-3
https://doi.org/10.1002/tcr.201800069
https://doi.org/10.1080/07391102.2022.2093793


 

203 
 
 

Nazıroğlu, M., Muhamad, S., & Pecze, L. (2017). Nanoparticles as potential clinical 

therapeutic agents in Alzheimer's disease: focus on selenium 

nanoparticles. Expert Review of Clinical Pharmacology, 10(7), 773–782. 

https://doi.org/10.1080/17512433.2017.1324781 

Neville, M. C., Nojima, T., Ashley, E., Parker, D. J., Walker, J., Southall, T., Van de 

Sande, B., Marques, A. C., Fischer, B., Brand, A. H., Russell, S., Ritchie, M. G., 

Aerts, S., & Goodwin, S. F. (2014). Male-specific fruitless isoforms target 

neurodevelopmental genes to specify a sexually dimorphic nervous 

system. Current Biology : CB, 24(3), 229–241. 

https://doi.org/10.1016/j.cub.2013.11.035 

Nichols C. D. (2006). Drosophila melanogaster neurobiology, neuropharmacology, and 

how the fly can inform central nervous system drug discovery. Pharmacology & 

Therapeutics, 112(3), 677–700. 

https://doi.org/10.1016/j.pharmthera.2006.05.012 

Ningappa, M. B., & Srinivas, L. (2008). Purification and characterization of∼ 35 kDa 

antioxidant protein from curry leaves (Murraya koenigii L.). Toxicology In 

Vitro, 22(3), 699-709. https://doi.org/10.1016/j.tiv.2007.11.009 

Ningappa, M. B., & Srinivas, L. (2008). Purification and characterization of 

approximately 35 kDa antioxidant protein from curry leaves (Murraya koenigii 

L.). Toxicology In Vitro : an International Journal Published in Association with 

BIBRA, 22(3), 699–709. https://doi.org/10.1016/j.tiv.2007.11.009 

Nitta, Y., & Sugie, A. (2022). Studies of neurodegenerative diseases 

using Drosophila and the development of novel approaches for their 

analysis. Fly, 16(1), 275–298. https://doi.org/10.1080/19336934.2022.2087484 

Nobahar, A., Carlier, J. D., Miguel, M. G., & Costa, M. C. (2021). A review of plant 

metabolites with metal interaction capacity: a green approach for industrial 

applications. Biometals : An International Journal on the Role of Metal Ions in 

Biology, Biochemistry, and Medicine, 34(4), 761–793. 

https://doi.org/10.1007/s10534-021-00315-y 

Nojima, T., Neville, M. C., & Goodwin, S. F. (2014). Fruitless isoforms and target genes 

specify the sexually dimorphic nervous system underlying Drosophila 

reproductive behavior. Fly, 8(2), 95–100. https://doi.org/10.4161/fly.29132 

Nong, J., Glassman, P. M., & Muzykantov, V. R. (2022). Targeting vascular inflammation 

through emerging methods and drug carriers. Advanced Drug Delivery 

Reviews, 184, 114180. https://doi.org/10.1016/j.addr.2022.114180 

Ochneva, A., Zorkina, Y., Abramova, O., Pavlova, O., Ushakova, V., Morozova, A., 

Zubkov, E., Pavlov, K., Gurina, O., & Chekhonin, V. (2022). Protein Misfolding 

and Aggregation in the Brain: Common Pathogenetic Pathways in 

Neurodegenerative and Mental Disorders. International Journal of Molecular 

Sciences, 23(22), 14498. https://doi.org/10.3390/ijms232214498 

Ogunyemi, S. O., Zhang, F., Abdallah, Y., Zhang, M., Wang, Y., Sun, G., Qiu, W., & Li, 

B. (2019) Biosynthesis and characterization of magnesium oxide and manganese 

dioxide nanoparticles using Matricaria chamomilla L. extract and its inhibitory 

https://doi.org/10.1080/17512433.2017.1324781
https://doi.org/10.1016/j.cub.2013.11.035
https://doi.org/10.1016/j.pharmthera.2006.05.012
https://doi.org/10.1016/j.tiv.2007.11.009
https://doi.org/10.1016/j.tiv.2007.11.009
https://doi.org/10.1080/19336934.2022.2087484
https://doi.org/10.1007/s10534-021-00315-y
https://doi.org/10.4161/fly.29132
https://doi.org/10.1016/j.addr.2022.114180
https://doi.org/10.3390/ijms232214498


 

204 
 
 

effect on Acidovorax oryzae strain RS-2. Artif. Cells Nanomed. 

Biotechnol, 47(1), 2230–2239. https://doi.org/10.1080/21691401.2019.1622552 

Ohkawa, H., Ohishi, N., & Yagi, K. (1979). Assay for lipid peroxides in animal tissues 

by thiobarbituric acid reaction. Analytical Biochemistry, 95(2), 351–358. 

https://doi.org/10.1016/0003-2697(79)90738-3 

Oikemus, S. R., Pfister, E. L., Sapp, E., Chase, K. O., Kennington, L. A., Hudgens, E., 

Miller, R., Zhu, L. J., Chaudhary, A., Mick, E. O., Sena-Esteves, M., Wolfe, S. 

A., DiFiglia, M., Aronin, N., & Brodsky, M. H. (2022). Allele-Specific 

Knockdown of Mutant Huntingtin Protein via Editing at Coding Region Single 

Nucleotide Polymorphism Heterozygosities. Human Gene Therapy, 33(1-2), 25–

36. https://doi.org/10.1089/hum.2020.323 

Olugbenga, O. O., Adebola, S. S., Friday, A. D., Mercy, A. T., & Keniokpo, O. S. (2022). 

Effect of dietary tomato powder on growth performance and blood characteristics 

of heat-stressed broiler chickens. Tropical Animal Health and Production, 54(1), 

37. https://doi.org/10.1007/s11250-021-03041-2 

Ong E. S. (2004). Extraction methods and chemical standardization of botanicals and 

herbal preparations. Journal of Chromatography. B, Analytical Technologies in 

the Biomedical and Life Sciences, 812(1-2), 23–33. 

https://doi.org/10.1016/j.jchromb.2004.07.041 

Ong, C., Yung, L. Y., Cai, Y., Bay, B. H., & Baeg, G. H. (2015). Drosophila melanogaster 

as a model organism to study nanotoxicity. Nanotoxicology, 9(3), 396–403. 

https://doi.org/10.3109/17435390.2014.940405 

Pamies, D., Block, K., Lau, P., Gribaldo, L., Pardo, C. A., Barreras, P., Smirnova, L., 

Wiersma, D., Zhao, L., Harris, G., Hartung, T., & Hogberg, H. T. (2018). 

Rotenone exerts developmental neurotoxicity in a human brain spheroid 

model. Toxicology and Applied Pharmacology, 354, 101–114. 

https://doi.org/10.1016/j.taap.2018.02.003 

Pan, M., Liu, K., Yang, J., Liu, S., Wang, S., & Wang, S. (2020). Advances on Food-

Derived Peptidic Antioxidants-A Review. Antioxidants (Basel, 

Switzerland), 9(9), 799. https://doi.org/10.3390/antiox9090799 

Pandareesh, M. D., Shrivash, M. K., Naveen Kumar, H. N., Misra, K., & Srinivas 

Bharath, M. M. (2016). Curcumin Monoglucoside Shows Improved 

Bioavailability and Mitigates Rotenone Induced Neurotoxicity in Cell and 

Drosophila Models of Parkinson's Disease. Neurochemical Research, 41(11), 

3113–3128. https://doi.org/10.1007/s11064-016-2034-6 

Pandey, U. B., & Nichols, C. D. (2011). Human disease models in Drosophila 

melanogaster and the role of the fly in therapeutic drug 

discovery. Pharmacological Reviews, 63(2), 411–436. 

https://doi.org/10.1124/pr.110.003293 

Pandit, S., Kumar, M., Ponnusankar, S., Pal, B. C., & Mukherjee, P. K. (2011). RP-

HPLC-DAD for simultaneous estimation of mahanine and mahanimbine in 

Murraya koenigii. Biomedical Chromatography : BMC, 25(9), 959–962. 

https://doi.org/10.1002/bmc.1561 

https://doi.org/10.1080/21691401.2019.1622552
https://doi.org/10.1016/0003-2697(79)90738-3
https://doi.org/10.1089/hum.2020.323
https://doi.org/10.1007/s11250-021-03041-2
https://doi.org/10.1016/j.jchromb.2004.07.041
https://doi.org/10.3109/17435390.2014.940405
https://doi.org/10.1016/j.taap.2018.02.003
https://doi.org/10.3390/antiox9090799
https://doi.org/10.1007/s11064-016-2034-6
https://doi.org/10.1124/pr.110.003293
https://doi.org/10.1002/bmc.1561


 

205 
 
 

Pardhi, V. P., Verma, T., Flora, S. J. S., Chandasana, H., & Shukla, R. (2018). 

Nanocrystals: An Overview of Fabrication, Characterization and Therapeutic 

Applications in Drug Delivery. Current Pharmaceutical Design, 24(43), 5129–

5146. https://doi.org/10.2174/1381612825666190215121148 

Parhi, P., Mohanty, C., & Sahoo, S. K. (2012). Nanotechnology-based combinational 

drug delivery: an emerging approach for cancer therapy. Drug Discovery 

Today, 17(17-18), 1044–1052. https://doi.org/10.1016/j.drudis.2012.05.010 

Park, H., Kam, T. I., Dawson, T. M., & Dawson, V. L. (2020). Poly (ADP-ribose) (PAR)-

dependent cell death in neurodegenerative diseases. International Review of Cell 

and Molecular Biology, 353, 1–29. https://doi.org/10.1016/bs.ircmb.2019.12.009 

Patel, M. M., & Patel, B. M. (2017). Crossing the Blood-Brain Barrier: Recent Advances 

in Drug Delivery to the Brain. CNS Drugs, 31(2), 109–133. 

https://doi.org/10.1007/s40263-016-0405-9 

Patel, S. S., Parashar, A., & Udayabanu, M. (2015). Urtica dioica leaves modulates 

muscarinic cholinergic system in the hippocampus of streptozotocin-induced 

diabetic mice. Metabolic Brain Disease, 30(3), 803–811. 

https://doi.org/10.1007/s11011-014-9646-9 

Pathak, K., Pathak, M. P., Saikia, R., Gogoi, U., Sahariah, J. J., Zothantluanga, J. H., 

Samanta, A., & Das, A. (2022). Cancer Chemotherapy via Natural Bioactive 

Compounds. Current Drug Discovery Technologies, 19(4), e310322202888. 

https://doi.org/10.2174/1570163819666220331095744 

Patra, J. K., Das, G., Fraceto, L. F., Campos, E. V. R., Rodriguez-Torres, M. D. P., Acosta-

Torres, L. S., Diaz-Torres, L. A., Grillo, R., Swamy, M. K., Sharma, S., 

Habtemariam, S., & Shin, H. S. (2018). Nano based drug delivery systems: recent 

developments and future prospects. Journal of Nanobiotechnology, 16(1), 71. 

https://doi.org/10.1186/s12951-018-0392-8 

Peña-Bautista, C., Vento, M., Baquero, M., & Cháfer-Pericás, C. (2019). Lipid 

peroxidation in neurodegeneration. Clinica Chimica Acta; International Journal 

of Clinical Chemistry, 497, 178–188. https://doi.org/10.1016/j.cca.2019.07.037 

Perestrelo, B. O., Carvalho, P. M., Souza, D. N., Carneiro, M. J., Cirino, J. P. G., 

Carvalho, P. O., Sawaya, A. C. H. F., Oyama, L. M., & Nogueira, F. N. (2022). 

Antioxidant effect of chamomile tea on the salivary glands of streptozotocin-

induced diabetic rats. Brazilian Oral Research, 36, e034. 

https://doi.org/10.1590/1807-3107bor-2022.vol36.0034 

Petrozzi, L., Ricci, G., Giglioli, N. J., Siciliano, G., & Mancuso, M. (2007). Mitochondria 

and neurodegeneration. Bioscience Reports, 27(1-3), 87–104. 

https://doi.org/10.1007/s10540-007-9038-z 

Philip, D., Unni, C., Aromal, S. A., & Vidhu, V. K. (2011) Murraya Koenigii leaf-

assisted rapid green synthesis of silver and gold nanoparticles. Spectrochimica 

acta. Part A, Molecular and Biomolecular Spectroscopy, 78(2), 899–904. 

https://doi.org/10.1016/j.saa.2010.12.060  

https://doi.org/10.2174/1381612825666190215121148
https://doi.org/10.1016/j.drudis.2012.05.010
https://doi.org/10.1016/bs.ircmb.2019.12.009
https://doi.org/10.1007/s40263-016-0405-9
https://doi.org/10.1007/s11011-014-9646-9
https://doi.org/10.2174/1570163819666220331095744
https://doi.org/10.1186/s12951-018-0392-8
https://doi.org/10.1016/j.cca.2019.07.037
https://doi.org/10.1590/1807-3107bor-2022.vol36.0034
https://doi.org/10.1007/s10540-007-9038-z
https://doi.org/10.1016/j.saa.2010.12.060


 

206 
 
 

Piancone, F., La Rosa, F., Marventano, I., Saresella, M., & Clerici, M. (2021). The Role 

of the Inflammasome in Neurodegenerative Diseases. Molecules (Basel, 

Switzerland), 26(4), 953. https://doi.org/10.3390/molecules26040953 

Pinelli, P., Ieri, F., Vignolini, P., Bacci, L., Baronti, S., & Romani, A. (2008). Extraction 

and HPLC analysis of phenolic compounds in leaves, stalks, and textile fibers of 

Urtica dioica L. Journal of Agricultural and Food Chemistry, 56(19), 9127–

9132. https://doi.org/10.1021/jf801552d 

Prasad, S., & Lall, R. (2022). Zinc-curcumin based complexes in health and diseases: An 

approach in chemopreventive and therapeutic improvement. JTEMIN, 73, 

127023. https://doi.org/10.1016/j.jtemb.2022.127023  

Prasanna, P., & Upadhyay, A. (2021). Flavonoid-Based Nanomedicines in Alzheimer's 

Disease Therapeutics: Promises Made, a Long Way To Go. ACS Pharmacology 

& Translational Science, 4(1), 74–95. https://doi.org/10.1021/acsptsci.0c00224 

Puopolo, M., & Pocchiari, M. (2011). Need to improve clinical trials in rare 

neurodegenerative disorders. Annali Dell'Istituto Superiore Di Sanita, 47(1), 55–

59. https://doi.org/10.4415/ANN_11_01_12 

Purseglove, J. W. (1989). Herbs, Spices and Medicinal Plants: Recent Advances in 

Botany, Horticulture, and Pharmacology. Vol. 2. Edited by LE Craker and JE 

Simon. Encanto, USA: Oryx Press (1987), pp. 225Experimental 

Agriculture, 25(1), 135 136.https://doi.org/10.1017/S0014479700016537 

Qais, F. A., Shafiq, A., Khan, H. M., Husain, F. M., Khan, R. A., Alenazi, B., Alsalme, 

A., & Ahmad, I. (2019). Antibacterial Effect of Silver Nanoparticles Synthesized 

Using Murraya koenigii (L.) against Multidrug-Resistant 

Pathogens. Bioinorganic Chemistry and Applications, 2019, 4649506. 

https://doi.org/10.1155/2019/4649506 

Qayyum, R., Qamar, H. M., Khan, S., Salma, U., Khan, T., & Shah, A. J. (2016). 

Mechanisms underlying the antihypertensive properties of Urtica dioica. Journal 

of Translational Medicine, 14(1), 254. https://doi.org/10.1186/s12967-016-1017-

3 

Qiao, L., Dou, X., Song, X., & Xu, C. (2022). Green synthesis of nanoparticles by 

probiotics and their application. Advances in Applied Microbiology, 119, 83–128. 

https://doi.org/10.1016/bs.aambs.2022.05.003 

Qu, Z., Sun, J., Zhang, W., Yu, J., & Zhuang, C. (2020). Transcription factor NRF2 as a 

promising therapeutic target for Alzheimer's disease. Free Radical Biology & 

Medicine, 159, 87–102. https://doi.org/10.1016/j.freeradbiomed.2020.06.028 

Radak, Z., Zhao, Z., Goto, S., & Koltai, E. (2011). Age-associated neurodegeneration and 

oxidative damage to lipids, proteins and DNA. Molecular Aspects of 

Medicine, 32(4-6), 305–315. https://doi.org/10.1016/j.mam.2011.10.010 

Radha, Kumar, M., Puri, S., Pundir, A., Bangar, S. P., Changan, S., Choudhary, P., 

Parameswari, E., Alhariri, A., Samota, M. K., Damale, R. D., Singh, S., Berwal, 

M. K., Dhumal, S., Bhoite, A. G., Senapathy, M., Sharma, A., Bhushan, B., & 

Mekhemar, M. (2021). Evaluation of Nutritional, Phytochemical, and Mineral 

Composition of Selected Medicinal Plants for Therapeutic Uses from Cold Desert 

https://doi.org/10.3390/molecules26040953
https://doi.org/10.1021/jf801552d
https://doi.org/10.1016/j.jtemb.2022.127023
https://doi.org/10.1021/acsptsci.0c00224
https://doi.org/10.4415/ANN_11_01_12
https://doi.org/10.1017/S0014479700016537
https://doi.org/10.1155/2019/4649506
https://doi.org/10.1186/s12967-016-1017-3
https://doi.org/10.1186/s12967-016-1017-3
https://doi.org/10.1016/bs.aambs.2022.05.003
https://doi.org/10.1016/j.freeradbiomed.2020.06.028
https://doi.org/10.1016/j.mam.2011.10.010


 

207 
 
 

of Western Himalaya. Plants (Basel, Switzerland), 10(7), 1429. 

https://doi.org/10.3390/plants10071429 

Radi, E., Formichi, P., Battisti, C., & Federico, A. (2014). Apoptosis and oxidative stress 

in neurodegenerative diseases. Journal of Alzheimer's Disease : JAD, 42 Suppl 3, 

S125–S152. https://doi.org/10.3233/JAD-132738 

Raghupathi, K. R., Koodali, R. T., & Manna, A. C. (2011). Size-dependent bacterial 

growth inhibition and mechanism of antibacterial activity of zinc oxide 

nanoparticles. Langmuir : the ACS Journal of Surfaces and Colloids, 27(7), 

4020–4028. https://doi.org/10.1021/la104825u 

Rahimi, G., Mohammad, K. S., Zarei, M., Shokoohi, M., Oskoueian, E., Poorbagher, M. 

R. M., & Karimi, E. (2022). Zinc oxide nanoparticles synthesized using Hyssopus 

Officinalis L. Extract Induced oxidative stress and changes the expression of key 

genes involved in inflammatory and antioxidant Systems. Biological 

Research, 55(1), 24. https://doi.org/10.1186/s40659-022-00392-4 

Rahman, M. H., Bajgai, J., Fadriquela, A., Sharma, S., Trinh, T. T., Akter, R., Jeong, Y. 

J., Goh, S. H., Kim, C. S., & Lee, K. J. (2021). Therapeutic Potential of Natural 

Products in Treating Neurodegenerative Disorders and Their Future Prospects 

and Challenges. Molecules (Basel, Switzerland), 26(17), 5327. 

https://doi.org/10.3390/molecules26175327 

Rahman, M. M., Islam, M. R., Supti, F. A., Dhar, P. S., Shohag, S., Ferdous, J., Shuvo, 

S. K., Akter, A., Hossain, M. S., & Sharma, R. (2023). Exploring the Therapeutic 

Effect of Neurotrophins and Neuropeptides in Neurodegenerative Diseases: at a 

Glance. Molecular Neurobiology, 10.1007/s12035-023-03328-5. Advance online 

publication. https://doi.org/10.1007/s12035-023-03328-5 

Rahul, & Siddique, Y. H. (2021). Neurodegenerative Diseases and Flavonoids: Special 

Reference to Kaempferol. CNS & Neurological Disorders Drug Targets, 20(4), 

327–342. https://doi.org/10.2174/1871527320666210129122033 

Rajakumar, G., Thiruvengadam, M., Mydhili, G., Gomathi, T., & Chung, I. M. (2018). 

Green approach for synthesis of zinc oxide nanoparticles from Andrographis 

paniculata leaf extract and evaluation of their antioxidant, anti-diabetic, and anti-

inflammatory activities. Bioprocess and Biosystems Engineering, 41(1), 21–30. 

https://doi.org/10.1007/s00449-017-1840-9 

Rajkumar, G., & Vinotha, S. (2022). A Review of Anti-hyperglycemic Effects of Curry 

Leaf Tree (Murraya koenigii). Borneo Journal of Pharmacy, Vol 5, 104 – 114. 

http://repo.lib.jfn.ac.lk/ujrr/handle/123456789/6072 

Ranjbar, A., Mohsenzadeh, F., Chehregani, A., Khajavi, F., & Ghasemi, H. (2014). 

Ameliorative effect of Matricaria chamomilla .L on paraquat: Induced oxidative 

damage in lung rats. Pharmacognosy Research, 6(3), 199–203. 

https://doi.org/10.4103/0974-8490.132595 

Rao, S. V., Hemalatha, P., Yetish, S., Muralidhara, M., & Rajini, P. S. (2019). Prophylactic 

neuroprotective propensity of Crocin, a carotenoid against rotenone induced 

neurotoxicity in mice: behavioural and biochemical evidence. Metabolic Brain 

Disease, 34(5), 1341–1353. https://doi.org/10.1007/s11011-019-00451-y 

https://doi.org/10.3390/plants10071429
https://doi.org/10.3233/JAD-132738
https://doi.org/10.1021/la104825u
https://doi.org/10.1186/s40659-022-00392-4
https://doi.org/10.3390/molecules26175327
https://doi.org/10.1007/s12035-023-03328-5
https://doi.org/10.2174/1871527320666210129122033
https://doi.org/10.1007/s00449-017-1840-9
http://repo.lib.jfn.ac.lk/ujrr/handle/123456789/6072
https://doi.org/10.4103/0974-8490.132595
https://doi.org/10.1007/s11011-019-00451-y


 

208 
 
 

Rathod, S., Desai, H., Patil, R., & Sarolia, J. (2022). Non-ionic Surfactants as a P-

Glycoprotein(P-gp) Efflux Inhibitor for Optimal Drug Delivery-A Concise 

Outlook. AAPS PharmSciTech, 23(1), 55. https://doi.org/10.1208/s12249-022-

02211-1 

Razem, M., Ding, Y., Morozova, K., Mazzetto, F., & Scampicchio, M. (2022). Analysis 

of Phenolic Compounds in Food by Coulometric Array Detector: A 

Review. Sensors (Basel, Switzerland), 22(19), 7498. 

https://doi.org/10.3390/s22197498 

Redzic Z. (2011). Molecular biology of the blood-brain and the blood-cerebrospinal fluid 

barriers: similarities and differences. Fluids and Barriers of the CNS, 8(1), 3. 

https://doi.org/10.1186/2045-8118-8-3 

Reed T. T. (2011). Lipid peroxidation and neurodegenerative disease. Free Radical 

Biology & Medicine, 51(7), 1302–1319. 

https://doi.org/10.1016/j.freeradbiomed.2011.06.027 

Reeves, R. R., Mack, J. E., & Beddingfield, J. J. (2002). Neurotoxic syndrome associated 

with risperidone and fluvoxamine. The Annals of Pharmacotherapy, 36(3), 440–

443. https://doi.org/10.1345/aph.1A241 

Rehman, R., Anila, Muzaffar, R., Arshad, F., Hussain, R., & Altaf, A. A. (2023). Diversity 

in Phytochemical Composition and Medicinal Value of Murraya 

paniculata. Chemistry & Biodiversity, 20(2), e202200396. 

https://doi.org/10.1002/cbdv.202200396 

Ren, L., Wang, M. R., & Wang, Q. C. (2021). ROS-induced oxidative stress in plant 

cryopreservation: occurrence and alleviation. Planta, 254(6), 124. 

https://doi.org/10.1007/s00425-021-03784-0 

Riemensperger, T., Issa, A. R., Pech, U., Coulom, H., Nguyễn, M. V., Cassar, M., Jacquet, 

M., Fiala, A., & Birman, S. (2013). A single dopamine pathway underlies 

progressive locomotor deficits in a Drosophila model of Parkinson disease. Cell 

reports, 5(4), 952–960. https://doi.org/10.1016/j.celrep.2013.10.032 

Rocha, E. M., De Miranda, B., & Sanders, L. H. (2018). Alpha-synuclein: Pathology, 

mitochondrial dysfunction and neuroinflammation in Parkinson's 

disease. Neurobiology of Disease, 109(Pt B), 249–257. 

https://doi.org/10.1016/j.nbd.2017.04.004 

Rojas, J. C., Saavedra, J. A., & Gonzalez-Lima, F. (2008). Neuroprotective effects of 

memantine in a mouse model of retinal degeneration induced by rotenone. Brain 

Research, 1215, 208–217. https://doi.org/10.1016/j.brainres.2008.04.001 

Romagnolo, A., Merola, A., Artusi, C. A., Rizzone, M. G., Zibetti, M., & Lopiano, L. 

(2018). Levodopa-Induced Neuropathy: A Systematic Review. Movement 

Disorders Clinical Practice, 6(2), 96–103. https://doi.org/10.1002/mdc3.12688 

Ronaldson, P. T., & Davis, T. P. (2011). Targeting blood-brain barrier changes during 

inflammatory pain: an opportunity for optimizing CNS drug 

delivery. Therapeutic delivery, 2(8), 1015–1041. 

https://doi.org/10.4155/tde.11.67,  

https://doi.org/10.1208/s12249-022-02211-1
https://doi.org/10.1208/s12249-022-02211-1
https://doi.org/10.3390/s22197498
https://doi.org/10.1186/2045-8118-8-3
https://doi.org/10.1016/j.freeradbiomed.2011.06.027
https://doi.org/10.1345/aph.1A241
https://doi.org/10.1002/cbdv.202200396
https://doi.org/10.1007/s00425-021-03784-0
https://doi.org/10.1016/j.celrep.2013.10.032
https://doi.org/10.1016/j.nbd.2017.04.004
https://doi.org/10.1016/j.brainres.2008.04.001
https://doi.org/10.1002/mdc3.12688


 

209 
 
 

Ronaldson, P. T., & Davis, T. P. (2011). Targeting blood-brain barrier changes during 

inflammatory pain: an opportunity for optimizing CNS drug 

delivery. Therapeutic Delivery, 2(8), 1015–1041. 

https://doi.org/10.4155/tde.11.67 

Saitoh T. (1988). Suppression of 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)-

induced dopaminergic neurotoxicity in mouse brain by piroheptine and 

trihexyphenidyl. Journal of the Neurological Sciences, 83(2-3), 161–166. 

https://doi.org/10.1016/0022-510x(88)90065-2 

Samakar, B., Mehri, S., & Hosseinzadeh, H. (2022). A review of the effects of Urtica 

dioica (nettle) in metabolic syndrome. Iranian Journal of Basic Medical 

Sciences, 25(5), 543–553. https://doi.org/10.22038/IJBMS.2022.58892.13079 

Samanta, S. K., Kandimalla, R., Gogoi, B., Dutta, K. N., Choudhury, P., Deb, P. K., ... & 

Talukdar, N. C. (2018). Phytochemical portfolio and anticancer activity of 

Murraya koenigii and its primary active component, mahanine. Pharmacological 

Research, 129, 227-236. https://doi.org/10.1016/j.phrs.2017.11.024 

Sana, S. S., Kumbhakar, D. V., Pasha, A., Pawar, S. C., Grace, A. N., Singh, R. P., 

Nguyen, V. H., Le, Q. V., & Peng, W. (2020). Crotalaria verrucosa Leaf Extract 

Mediated Synthesis of Zinc Oxide Nanoparticles: Assessment of Antimicrobial 

and Anticancer Activity. Molecules (Basel, Switzerland), 25(21), 4896. 

https://doi.org/10.3390/molecules25214896 

Sana, S. S., Singh, R. P., Sharma, M., Srivastava, A. K., Manchanda, G., Rai, A. R., & 

Zhang, Z. J. (2021). Biogenesis and Application of Nickel Nanoparticles: A 

Review. Current Pharmaceutical Biotechnology, 22(6), 808–822. 

https://doi.org/10.2174/1389201022999210101235233 

Sang, T. K., & Jackson, G. R. (2005). Drosophila models of neurodegenerative 

disease. NeuroRx : The Journal of the American Society for Experimental 

NeuroTherapeutics, 2(3), 438–446. https://doi.org/10.1602/neurorx.2.3.438 

Sanghai, N., & Tranmer, G. K. (2021). Hydrogen Peroxide and Amyotrophic Lateral 

Sclerosis: From Biochemistry to Pathophysiology. Antioxidants (Basel, 

Switzerland), 11(1), 52. https://doi.org/10.3390/antiox11010052 

Saxena, G., Singh, S. P., Agrawal, R., & Nath, C. (2008). Effect of donepezil and tacrine 

on oxidative stress in intracerebral streptozotocin-induced model of dementia in 

mice. European Journal of Pharmacology, 581(3), 283–289. 

https://doi.org/10.1016/j.ejphar.2007.12.009 

Scannevin R. H. (2018). Therapeutic strategies for targeting neurodegenerative protein 

misfolding disorders. Current Opinion in Chemical Biology, 44, 66–74. 

https://doi.org/10.1016/j.cbpa.2018.05.018 

Schieber, M., & Chandel, N. S. (2014). ROS function in redox signaling and oxidative 

stress. Current Biology : CB, 24(10), R453–R462. 

https://doi.org/10.1016/j.cub.2014.03.034 

Sehgal, A., Kumar, M., , & Dhawan, D. K. (2011). Combined effects of curcumin and 

piperine in ameliorating benzo(a)pyrene induced DNA damage. Food and 

Chemical Toxicology : An International Journal Published for the British 

https://doi.org/10.4155/tde.11.67
https://doi.org/10.1016/0022-510x(88)90065-2
https://doi.org/10.22038/IJBMS.2022.58892.13079
https://doi.org/10.1016/j.phrs.2017.11.024
https://doi.org/10.3390/molecules25214896
https://doi.org/10.2174/1389201022999210101235233
https://doi.org/10.1602/neurorx.2.3.438
https://doi.org/10.3390/antiox11010052
https://doi.org/10.1016/j.ejphar.2007.12.009
https://doi.org/10.1016/j.cbpa.2018.05.018
https://doi.org/10.1016/j.cub.2014.03.034


 

210 
 
 

Industrial Biological Research Association, 49(11), 3002–3006. 

https://doi.org/10.1016/j.fct.2011.07.058 

Sehgal, A., Kumar, M., Jain, M., & Dhawan, D. K. (2012). Synergistic effects of piperine 

and curcumin in modulating benzo(a)pyrene induced redox imbalance in mice 

lungs. Toxicology Mechanisms and Methods, 22(1), 74–80. 

https://doi.org/10.3109/15376516.2011.603392 

Sehgal, A., Kumar, M., Jain, M., & Dhawan, D. K. (2013). Modulatory effects of 

curcumin in conjunction with piperine on benzo(a)pyrene-mediated DNA adducts 

and biotransformation enzymes. Nutrition and Cancer, 65(6), 885–890. 

https://doi.org/10.1080/01635581.2013.805421 

Selim, Y. A., Azb, M. A., Ragab, I., & H M Abd El-Azim, M. (2020). Green Synthesis of 

Zinc Oxide Nanoparticles Using Aqueous Extract of Deverra tortuosa and their 

Cytotoxic Activities. Scientific Reports, 10(1), 3445. 

https://doi.org/10.1038/s41598-020-60541-1 

Selvan, D. S. A., Kumar, R. S., Murugesan, S., Shobana, S., &Rahiman, A. K. (2022). 

Antidiabetic activity of photosynthesized Ag/CuO nanocomposites using 

Murraya koenigii and Zingiber officinale extracts. Journal of Drug Delivery 

Science and Technology, 67, 102838. 

https://doi.org/10.1016/j.jddst.2021.102838 

Sengani, M., Chakraborty, S., Balaji, M. P., Govindasamy, R., Alahmadi, T. A., Al Obaid, 

S., ... & Brindhadevi, K. (2023). Anti-diabetic efficacy and selective inhibition of 

methyl glyoxal, intervention with biogenic Zinc oxide 

nanoparticle. Environmental Research, 216, 114475. 

https://doi.org/10.1016/j.envres.2022.114475 

Sezgin, M., Bilgic, B., Tinaz, S., & Emre, M. (2019). Parkinson's Disease Dementia and 

Lewy Body Disease. Seminars in Neurology, 39(2), 274–282. 

https://doi.org/10.1055/s-0039-1678579 

Shabir, S., & Singh, M. P. (2022). The aging: introduction, theories, principles, and future 

prospective. In Anti-Aging Drug Discovery on the Basis of Hallmarks of Aging, 

(pp. 1-17). Academic Press. https://doi.org/10.1016/B978-0-323-90235-9.00017-

3 

Shabir, S., Yousuf, S., Singh, S. K., Vamanu, E., & Singh, M. P. (2022). 

Ethnopharmacological Effects of Urtica dioica, Matricaria chamomilla, 

and Murraya koenigii on Rotenone-Exposed D. melanogaster: An Attenuation of 

Cellular, Biochemical, and Organismal Markers. Antioxidants (Basel, 

Switzerland), 11(8), 1623. https://doi.org/10.3390/antiox11081623 

Shah, A. S., Wakade, A. S., & Juvekar, A. R. (2008). Immunomodulatory activity of 

methanolic extract of Murraya koenigii (L) Spreng. leaves. Indian Journal of 

Experimental Biology, 46(7), 505–509. 

Shanmuganathan, R., Karuppusamy, I., Saravanan, M., Muthukumar, H., Ponnuchamy, 

K., Ramkumar, V. S., & Pugazhendhi, A. (2019). Synthesis of Silver 

Nanoparticles and their Biomedical Applications - A Comprehensive 

https://doi.org/10.1016/j.fct.2011.07.058
https://doi.org/10.3109/15376516.2011.603392
https://doi.org/10.1080/01635581.2013.805421
https://doi.org/10.1038/s41598-020-60541-1
https://doi.org/10.1016/j.jddst.2021.102838
https://doi.org/10.1016/j.envres.2022.114475
https://doi.org/10.1055/s-0039-1678579
https://doi.org/10.1016/B978-0-323-90235-9.00017-3
https://doi.org/10.1016/B978-0-323-90235-9.00017-3
https://doi.org/10.3390/antiox11081623


 

211 
 
 

Review. Current Pharmaceutical Design, 25(24), 2650–2660. 

https://doi.org/10.2174/1381612825666190708185506 

Sharma, A., Mishra, M., Shukla, A. K., Kumar, R., Abdin, M. Z., & Chowdhuri, D. K. 

(2012). Organochlorine pesticide, endosulfan induced cellular and organismal 

response in Drosophila melanogaster. Journal of Hazardous Materials, 221-222, 

275–287. https://doi.org/10.1016/j.jhazmat.2012.04.045 

Sharma, K., Verma, R., Kumar, D., Nepovimova, E., Kuča, K., Kumar, A., Raghuvanshi, 

D., Dhalaria, R., & Puri, S. (2022). Ethnomedicinal plants used for the treatment 

of neurodegenerative diseases in Himachal Pradesh, India in Western 

Himalaya. Journal of Ethnopharmacology, 293, 115318. 

https://doi.org/10.1016/j.jep.2022.115318 

Shebbo, S., El Joumaa, M., Kawach, R., & Borjac, J. (2020). Hepatoprotective effect 

of Matricaria chamomilla aqueous extract against 1,2-Dimethylhydrazine-

induced carcinogenic hepatic damage in mice. Heliyon, 6(6), e04082. 

https://doi.org/10.1016/j.heliyon.2020.e04082 

Shoara, R., Hashempur, M. H., Ashraf, A., Salehi, A., Dehshahri, S., & Habibagahi, Z. 

(2015). Efficacy and safety of topical Matricaria chamomilla L. (chamomile) oil 

for knee osteoarthritis: A randomized controlled clinical trial. Complementary 

Therapies in Clinical Practice, 21(3), 181–187. 

https://doi.org/10.1016/j.ctcp.2015.06.003 

Siddiqui, M. A., Ahmad, J., Farshori, N. N., Saquib, Q., Jahan, S., Kashyap, M. P., 

Ahamed, M., Musarrat, J., & Al-Khedhairy, A. A. (2013). Rotenone-induced 

oxidative stress and apoptosis in human liver HepG2 cells. Molecular and 

Cellular Biochemistry, 384(1-2), 59–69. https://doi.org/10.1007/s11010-013-

1781-9 

Siima, A. A., Stephano, F., Munissi, J. J. E., & Nyandoro, S. S. (2020). Ameliorative 

effects of flavonoids and polyketides on the rotenone induced Drosophila model 

of Parkinson's disease. Neurotoxicology, 81, 209–215. 

https://doi.org/10.1016/j.neuro.2020.09.004 

Simpson, D. S. A., & Oliver, P. L. (2020). ROS Generation in Microglia: Understanding 

Oxidative Stress and Inflammation in Neurodegenerative Disease. Antioxidants 

(Basel, Switzerland), 9(8), 743. https://doi.org/10.3390/antiox9080743 

Singh, A., Kukreti, R., Saso, L., & Kukreti, S. (2019). Oxidative Stress: A Key Modulator 

in Neurodegenerative Diseases. Molecules (Basel, Switzerland), 24(8), 1583. 

https://doi.org/10.3390/molecules24081583 

Singh, J., Dutta, T., Kim, K. H., Rawat, M., Samddar, P., & Kumar, P. (2018). 'Green' 

synthesis of metals and their oxide nanoparticles: applications for environmental 

remediation. Journal of Nanobiotechnology, 16(1), 84. 

https://doi.org/10.1186/s12951-018-0408-4 

Singh, M. P., Chakrabarty, R., Shabir, S., Yousuf, S., Obaid, A. A., Moustafa, M., Al-

Shehri, M., Al-Emam, A., Alamri, A. S., Alsanie, W. F., Alhomrani, M., Shkodina, 

A. D., & Singh, S. K. (2022). Influence of the Gut Microbiota on the 

Development of Neurodegenerative Diseases. Mediators of Inflammation, 2022, 

3300903. https://doi.org/10.1155/2022/3300903 

https://doi.org/10.2174/1381612825666190708185506
https://doi.org/10.1016/j.jhazmat.2012.04.045
https://doi.org/10.1016/j.jep.2022.115318
https://doi.org/10.1016/j.heliyon.2020.e04082
https://doi.org/10.1016/j.ctcp.2015.06.003
https://doi.org/10.1007/s11010-013-1781-9
https://doi.org/10.1007/s11010-013-1781-9
https://doi.org/10.1016/j.neuro.2020.09.004
https://doi.org/10.3390/antiox9080743
https://doi.org/10.3390/molecules24081583
https://doi.org/10.1186/s12951-018-0408-4
https://doi.org/10.1155/2022/3300903


 

212 
 
 

Singh, M. P., Himalian, R., Shabir, S., Obaid, A. A., Alamri, A. S., Galanakis, C. M., ... 

& Vamanu, E. (2022). Protection of Phytoextracts against Rotenone-Induced 

Organismal Toxicities in Drosophila melanogaster via the Attenuation of ROS 

Generation. Applied Sciences, 12(19), 9822. 

https://doi.org/10.3390/app12199822 

Singh, M. P., Mishra, M., Sharma, A., Shukla, A. K., Mudiam, M. K., Patel, D. K., Ram, 

K. R., & Chowdhuri, D. K. (2011). Genotoxicity and apoptosis in Drosophila 

melanogaster exposed to benzene, toluene, and xylene: attenuation by quercetin 

and curcumin. Toxicology and Applied Pharmacology, 253(1), 14–30. 

https://doi.org/10.1016/j.taap.2011.03.006 

Singh, M. P., Ram, K. R., Mishra, M., Shrivastava, M., Saxena, D. K., & Chowdhuri, D. 

K. (2010). Effects of co-exposure of benzene, toluene, and xylene to Drosophila 

melanogaster: alteration in hsp70, hsp60, hsp83, hsp26, ROS generation and 

oxidative stress markers. Chemosphere, 79(5), 577–587. 

https://doi.org/10.1016/j.chemosphere.2010.01.054 

Singh, M. P., Reddy, M. M., Mathur, N., Saxena, D. K., & Chowdhuri, D. K. (2009). 

Induction of hsp70, hsp60, hsp83 and hsp26 and oxidative stress markers in 

benzene, toluene, and xylene exposed Drosophila melanogaster: role of ROS 

generation. Toxicology and Applied Pharmacology, 235(2), 226–243. 

https://doi.org/10.1016/j.taap.2008.12.002 

Singh, M. P., Shabir, S., Deopa, A. S., Raina, S. R., Bantun, F., Jalal, N. A., Abdel-Razik, 

N. E., Jamous, Y. F., Alhumaidi, M. S., Altammar, K. A., Hjazi, A., Singh, S. K., 

& Vamanu, E. (2022) Synthesis of Green Engineered Silver Nanoparticles 

through Urtica dioica: An Inhibition of Microbes and Alleviation of Cellular and 

Organismal Toxicity in Drosophila melanogaster. Antibiotics (Basel, 

Switzerland), 11(12), 1690. https://doi.org/10.3390/antibiotics11121690  

Singh, O., Khanam, Z., Misra, N., & Srivastava, M. K. (2011). Chamomile (Matricaria 

chamomilla L.): An overview. Pharmacognosy Reviews, 5(9), 82–95. 

https://doi.org/10.4103/0973-7847.79103 

Singh, V., Singh, N., Verma, M., Kamal, R., Tiwari, R., Sanjay Chivate, M., Rai, S. N., 

Kumar, A., Singh, A., Singh, M. P., Vamanu, E., & Mishra, V. (2022). Hexavalent-

Chromium-Induced Oxidative Stress and the Protective Role of Antioxidants 

against Cellular Toxicity. Antioxidants (Basel, Switzerland), 11(12), 2375. 

https://doi.org/10.3390/antiox11122375  

Sisay, W., Andargie, Y., Molla, M., & Norahun, A. (2021). Hydromethanolic Crude 

Extract of the Leaf of Urtica simensis Hochst. ex. A. Rich. (Urticaceae) Acquires 

Appreciable Antiulcer Effect: Validation for In Vivo Antiulcer 

Activity. Evidence-Based Complementary and Alternative Medicine : 

eCAM, 2021, 6591070. https://doi.org/10.1155/2021/6591070 

Sofowora A. (1996). Research on medicinal plants and traditional medicine in 

Africa. Journal of Alternative and Complementary Medicine (New York, 

N.Y.), 2(3), 365–372. https://doi.org/10.1089/acm.1996.2.365 

Sogawa, C., Eguchi, T., Tran, M. T., Ishige, M., Trin, K., Okusha, Y., Taha, E. A., Lu, Y., 

Kawai, H., Sogawa, N., Takigawa, M., Calderwood, S. K., Okamoto, K., & 

https://doi.org/10.3390/app12199822
https://doi.org/10.1016/j.taap.2011.03.006
https://doi.org/10.1016/j.chemosphere.2010.01.054
https://doi.org/10.1016/j.taap.2008.12.002
https://doi.org/10.3390/antibiotics11121690
https://doi.org/10.4103/0973-7847.79103
https://doi.org/10.3390/antiox11122375
https://doi.org/10.1155/2021/6591070
https://doi.org/10.1089/acm.1996.2.365


 

213 
 
 

Kozaki, K. I. (2020). Antiparkinson Drug Benztropine Suppresses Tumor 

Growth, Circulating Tumor Cells, and Metastasis by Acting on SLC6A3/DAT and 

Reducing STAT3. Cancers, 12(2), 523. https://doi.org/10.3390/cancers12020523 

Sohail, M. F., Rehman, M., Hussain, S. Z., Huma, Z. E., Shahnaz, G., Qureshi, O. S., ... 

& Webster, T. J. (2020). Green synthesis of zinc oxide nanoparticles by Neem 

extract as multi-facet therapeutic agents. Journal of Drug Delivery Science and 

Technology, 59, 101911. https://doi.org/10.1016/j.jddst.2020.101911 

Sood, K., Kaur, J., Singh, H., Kumar Arya, S., & Khatri, M. (2019). Comparative toxicity 

evaluation of graphene oxide (GO) and zinc oxide (ZnO) nanoparticles 

on Drosophila melanogaster. Toxicology Reports, 6, 768–781. 

https://doi.org/10.1016/j.toxrep.2019.07.009 

Sood, R., & Chopra, D. S. (2018). Metal-plant frameworks in nanotechnology: An 

overview. Phytomedicine : International Journal of Phytotherapy and 

Phytopharmacology, 50, 148–156. 

https://doi.org/10.1016/j.phymed.2017.08.025 

Soto, C., & Pritzkow, S. (2018). Protein misfolding, aggregation, and conformational 

strains in neurodegenerative diseases. Nature Neuroscience, 21(10), 1332–1340. 

https://doi.org/10.1038/s41593-018-0235-9 

Spillantini, M. G., & Goedert, M. (2013). Tau pathology and neurodegeneration. The 

Lancet. Neurology, 12(6), 609–622. https://doi.org/10.1016/S1474-

4422(13)70090-5 

Squillaro, T., Cimini, A., Peluso, G., Giordano, A., & Melone, M. A. B. (2018). Nano-

delivery systems for encapsulation of dietary polyphenols: An experimental 

approach for neurodegenerative diseases and brain tumors. Biochemical 

Pharmacology, 154, 303–317. https://doi.org/10.1016/j.bcp.2018.05.016 

Sreenivasulu, N., & Fernie, A. R. (2022). Diversity: current and prospective secondary 

metabolites for nutrition and medicine. Current Opinion in Biotechnology, 74, 

164–170. https://doi.org/10.1016/j.copbio.2021.11.010 

Stalikas C. D. (2007). Extraction, separation, and detection methods for phenolic acids 

and flavonoids. Journal of Separation Science, 30(18), 3268–3295. 

https://doi.org/10.1002/jssc.200700261 

Stanzione, P., & Tropepi, D. (2011). Drugs and clinical trials in neurodegenerative 

diseases. Annali Dell'Istituto Superiore Di Sanita, 47(1), 49–54. 

https://doi.org/10.4415/ANN_11_01_11 

Stefani, I. C., Wright, D., Polizzi, K. M., & Kontoravdi, C. (2012). The role of ER stress-

induced apoptosis in neurodegeneration. Current Alzheimer Research, 9(3), 373–

387. https://doi.org/10.2174/156720512800107618 

Strazielle, N., & Ghersi-Egea, J. F. (2016). Potential Pathways for CNS Drug Delivery 

Across the Blood-Cerebrospinal Fluid Barrier. Current Pharmaceutical 

Design, 22(35), 5463–5476. 

https://doi.org/10.2174/1381612822666160726112115 

https://doi.org/10.3390/cancers12020523
https://doi.org/10.1016/j.jddst.2020.101911
https://doi.org/10.1016/j.toxrep.2019.07.009
https://doi.org/10.1016/j.phymed.2017.08.025
https://doi.org/10.1038/s41593-018-0235-9
https://doi.org/10.1016/S1474-4422(13)70090-5
https://doi.org/10.1016/S1474-4422(13)70090-5
https://doi.org/10.1016/j.bcp.2018.05.016
https://doi.org/10.1016/j.copbio.2021.11.010
https://doi.org/10.1002/jssc.200700261
https://doi.org/10.4415/ANN_11_01_11
https://doi.org/10.2174/156720512800107618
https://doi.org/10.2174/1381612822666160726112115


 

214 
 
 

Sultana, R., Perluigi, M., & Butterfield, D. A. (2013). Lipid peroxidation triggers 

neurodegeneration: a redox proteomics view into the Alzheimer disease 

brain. Free Radical Biology & Medicine, 62, 157–169. 

https://doi.org/10.1016/j.freeradbiomed.2012.09.027 

Sumanth, B., Lakshmeesha, T. R., Ansari, M. A., Alzohairy, M. A., Udayashankar, A. C., 

Shobha, B., Niranjana, S. R., Srinivas, C., & Almatroudi, A. (2020). Mycogenic 

Synthesis of Extracellular Zinc Oxide Nanoparticles from Xylaria acuta and Its 

Nanoantibiotic Potential. International Journal of Nanomedicine, 15, 8519–

8536. https://doi.org/10.2147/IJN.S271743 

Sun, J., Folk, D., Bradley, T. J., & Tower, J. (2002). Induced overexpression of 

mitochondrial Mn-superoxide dismutase extends the life span of adult Drosophila 

melanogaster. Genetics, 161(2), 661–672. 

https://doi.org/10.1093/genetics/161.2.661 

Sun, Y., Yu, H., & Guan, Y. (2023). Glia Connect Inflammation and Neurodegeneration 

in Multiple Sclerosis. Neuroscience Bulletin, 39(3), 466–478. 

https://doi.org/10.1007/s12264-023-01034-9 

Sunny, N. E., Mathew, S. S., Chandel, N., Saravanan, P., Rajeshkannan, R., Rajasimman, 

M., Vasseghian, Y., Rajamohan, N., & Kumar, S. V. (2022). Green synthesis of 

titanium dioxide nanoparticles using plant biomass and their applications- A 

review. Chemosphere, 300, 134612. 

https://doi.org/10.1016/j.chemosphere.2022.134612 

Swierczewska, M., Crist, R. M., & McNeil, S. E. (2018). Evaluating Nanomedicines: 

Obstacles and Advancements. Methods in Molecular Biology (Clifton, 

N.J.), 1682, 3–16. https://doi.org/10.1007/978-1-4939-7352-1_1 

Syam, S., Abdul, A. B., Sukari, M. A., Mohan, S., Abdelwahab, S. I., & Wah, T. S. (2011). 

The growth suppressing effects of girinimbine on HepG2 involve induction of 

apoptosis and cell cycle arrest. Molecules (Basel, Switzerland), 16(8), 7155–

7170. https://doi.org/10.3390/molecules16087155 

Tabrizi, R., Sekhavati, E., Nowrouzi-Sohrabi, P., Rezaei, S., Tabari, P., Ghoran, S. H., 

Jamali, N., Jalali, M., Moosavi, M., Kolahi, A. A., Bettampadi, D., Sahebkar, A., 

& Safiri, S. (2022). Effects of Urtica dioica on Metabolic Profiles in Type 2 

Diabetes: A Systematic Review and Meta-analysis of Clinical Trials. Mini 

Reviews in Medicinal Chemistry, 22(3), 550–563. 

https://doi.org/10.2174/1389557521666210929143112 

Tabrizi, S. J., Schobel, S., Gantman, E. C., Mansbach, A., Borowsky, B., Konstantinova, 

P., Mestre, T. A., Panagoulias, J., Ross, C. A., Zauderer, M., Mullin, A. P., 

Romero, K., Sivakumaran, S., Turner, E. C., Long, J. D., Sampaio, C., & 

Huntington's Disease Regulatory Science Consortium (HD-RSC) (2022). A 

biological classification of Huntington's disease: the Integrated Staging 

System. The Lancet. Neurology, 21(7), 632–644. https://doi.org/10.1016/S1474-

4422(22)00120-X 

Taheri, Y., Quispe, C., Herrera-Bravo, J., Sharifi-Rad, J., Ezzat, S. M., Merghany, R. M., 

Shaheen, S., Azmi, L., Prakash Mishra, A., Sener, B., Kılıç, M., Sen, S., Acharya, 

K., Nasiri, A. (2022). Urtica dioica-Derived Phytochemicals for Pharmacological 

https://doi.org/10.1016/j.freeradbiomed.2012.09.027
https://doi.org/10.2147/IJN.S271743
https://doi.org/10.1093/genetics/161.2.661
https://doi.org/10.1007/s12264-023-01034-9
https://doi.org/10.1016/j.chemosphere.2022.134612
https://doi.org/10.1007/978-1-4939-7352-1_1
https://doi.org/10.3390/molecules16087155
https://doi.org/10.2174/1389557521666210929143112
https://doi.org/10.1016/S1474-4422(22)00120-X
https://doi.org/10.1016/S1474-4422(22)00120-X


 

215 
 
 

and Therapeutic Applications. Evidence-Based Complementary and Alternative 

Medicine : eCAM, 2022, 4024331. https://doi.org/10.1155/2022/4024331 

Tan, M. A., Sharma, N., & An, S. S. A. (2022). Multi-Target Approach of Murraya 

koenigii Leaves in Treating Neurodegenerative Diseases. Pharmaceuticals 

(Basel, Switzerland), 15(2), 188. https://doi.org/10.3390/ph15020188 

Tatton, W. G., & Olanow, C. W. (1999). Apoptosis in neurodegenerative diseases: the 

role of mitochondria. Biochimica et Biophysica Acta, 1410(2), 195–213. 

https://doi.org/10.1016/s0005-2728(98)00167-4 

Teixeira, A., Sárria, M. P., Pinto, I., Espiña, B., Gomes, A. C., & Dias, A. C. P. (2022). 

Protection against Paraquat-Induced Oxidative Stress by Curcuma longa Extract-

Loaded Polymeric Nanoparticles in Zebrafish Embryos. Polymers, 14(18), 3773. 

https://doi.org/10.3390/polym14183773 

Teleanu, D. M., Negut, I., Grumezescu, V., Grumezescu, A. M., & Teleanu, R. I. (2019). 

Nanomaterials for Drug Delivery to the Central Nervous System. Nanomaterials 

(Basel, Switzerland), 9(3), 371. https://doi.org/10.3390/nano9030371 

Teleanu, D. M., Niculescu, A. G., Lungu, I. I., Radu, C. I., Vladâcenco, O., Roza, E., 

Costăchescu, B., Grumezescu, A. M., & Teleanu, R. I. (2022). An Overview of 

Oxidative Stress, Neuroinflammation, and Neurodegenerative 

Diseases. International Journal of Molecular Sciences, 23(11), 5938. 

https://doi.org/10.3390/ijms23115938 

Tesco, G., & Lomoio, S. (2022). Pathophysiology of neurodegenerative diseases: An 

interplay among axonal transport failure, oxidative stress, and 

inflammation?. Seminars in Immunology, 59, 101628. 

https://doi.org/10.1016/j.smim.2022.101628 

Tettey, C. O., & Shin, H. M. (2019). Evaluation of the antioxidant and cytotoxic activities 

of zinc oxide nanoparticles synthesized using Scutellaria baicalensis 

root. Scientific African, 6, e00157. https://doi.org/10.1016/j.sciaf.2019.e00157 

Thiruvengadam, M., Chung, I. M., Gomathi, T., Ansari, M. A., Gopiesh Khanna, V., 

Babu, V., & Rajakumar, G. (2019). Synthesis, characterization and 

pharmacological potential of green synthesized copper nanoparticles. Bioprocess 

and Biosystems Engineering, 42(11), 1769–1777. 

https://doi.org/10.1007/s00449-019-02173-y 

Thompson, J. B., Su, O. O., Yang, N., & Bauer, J. H. (2020). Sleep-length differences are 

associated with altered longevity in the fruit fly Drosophila 

melanogaster. Biology Open, 9(9), bio054361. 

https://doi.org/10.1242/bio.054361 

Thukral, P., Chowdhury, R., Sable, H., Kaushik, A., & Chaudhary, V. (2023). Sustainable 

green synthesized nanoparticles for neurodegenerative diseases diagnosis and 

treatment. Materials Today: Proceedings, 73, 323-328. 

https://doi.org/10.1016/j.matpr.2022.10.315 

Tickoo, S., & Russell, S. (2002). Drosophila melanogaster as a model system for drug 

discovery and pathway screening. Current Opinion in Pharmacology, 2(5), 555–

560. https://doi.org/10.1016/s1471-4892(02)00206-0 

https://doi.org/10.1155/2022/4024331
https://doi.org/10.3390/ph15020188
https://doi.org/10.1016/s0005-2728(98)00167-4
https://doi.org/10.3390/polym14183773
https://doi.org/10.3390/nano9030371
https://doi.org/10.3390/ijms23115938
https://doi.org/10.1016/j.smim.2022.101628
https://doi.org/10.1016/j.sciaf.2019.e00157
https://doi.org/10.1007/s00449-019-02173-y
https://doi.org/10.1242/bio.054361
https://doi.org/10.1016/j.matpr.2022.10.315
https://doi.org/10.1016/s1471-4892(02)00206-0


 

216 
 
 

Tiwari, P. C., & Pal, R. (2017). The potential role of neuroinflammation and transcription 

factors in Parkinson disease. Dialogues in Clinical Neuroscience, 19(1), 71–80. 

https://doi.org/10.31887/DCNS.2017.19.1/rpal 

Tiwari, P., Sangwan, R. S., & Sangwan, N. S. (2016). Plant secondary metabolism linked 

glycosyltransferases: An update on expanding knowledge and 

scopes. Biotechnology Advances, 34(5), 714–739. 

https://doi.org/10.1016/j.biotechadv.2016.03.006 

Tolosa, E., Garrido, A., Scholz, S. W., & Poewe, W. (2021). Challenges in the diagnosis 

of Parkinson's disease. The Lancet. Neurology, 20(5), 385–397. 

https://doi.org/10.1016/S1474-4422(21)00030-2 

Tsivelika, N., Irakli, M., Mavromatis, A., Chatzopoulou, P., & Karioti, A. (2021). 

Phenolic Profile by HPLC-PDA-MS of Greek Chamomile Populations and 

Commercial Varieties and Their Antioxidant Activity. Foods (Basel, 

Switzerland), 10(10), 2345. https://doi.org/10.3390/foods10102345 

Tsoi, P. S., Quan, M. D., Ferreon, J. C., & Ferreon, A. C. M. (2023). Aggregation of 

Disordered Proteins Associated with Neurodegeneration. International Journal 

of Molecular Sciences, 24(4), 3380. https://doi.org/10.3390/ijms24043380 

Tue, N. T., Dat, T. Q., Ly, L. L., Anh, V. D., & Yoshida, H. (2020). Insights from 

Drosophila melanogaster model of Alzheimer's disease. Frontiers in Bioscience 

(Landmark edition), 25(1), 134–146. https://doi.org/10.2741/4798 

Uberti, D., Bianchi, I., Olivari, L., Ferrari-Toninelli, G., Canonico, P., & Memo, M. 

(2007). Pramipexole prevents neurotoxicity induced by oligomers of beta-

amyloid. European Journal of Pharmacology, 569(3), 194–196. 

https://doi.org/10.1016/j.ejphar.2007.05.009 

Ueno, M., Chiba, Y., Murakami, R., Matsumoto, K., Kawauchi, M., & Fujihara, R. 

(2016). Blood-brain barrier and blood-cerebrospinal fluid barrier in normal and 

pathological conditions. Brain Tumor Pathology, 33(2), 89–96. 

https://doi.org/10.1007/s10014-016-0255-7 

Ullah, H., Ullah, I., Rehman, G., Hamayun, M., Ali, S., Rahman, A., & Lee, I. J. (2022). 

Magnesium and Zinc Oxide Nanoparticles from Datura alba Improve Cognitive 

Impairment and Blood Brain Barrier Leakage. Molecules (Basel, 

Switzerland), 27(15), 4753. https://doi.org/10.3390/molecules27154753 

Ullah, H., Ullah, I., Rehman, G., Hamayun, M., Ali, S., Rahman, A., & Lee, I. J. (2022). 

Magnesium and Zinc Oxide Nanoparticles from Datura alba Improve Cognitive 

Impairment and Blood Brain Barrier Leakage. Molecules (Basel, 

Switzerland), 27(15), 4753. https://doi.org/10.3390/molecules27154753 

Umar, H., Kavaz, D., & Rizaner, N. (2018). Biosynthesis of zinc oxide nanoparticles 

using Albizia lebbeck stem bark, and evaluation of its antimicrobial, antioxidant, 

and cytotoxic activities on human breast cancer cell lines. International Journal 

of Nanomedicine, 14, 87–100. https://doi.org/10.2147/IJN.S186888 

Utaipan, T., Athipornchai, A., Suksamrarn, A., Jirachotikoon, C., Yuan, X., 

Lertcanawanichakul, M., & Chunglok, W. (2017). Carbazole alkaloids from 

Murraya koenigii trigger apoptosis and autophagic flux inhibition in human oral 

https://doi.org/10.31887/DCNS.2017.19.1/rpal
https://doi.org/10.1016/j.biotechadv.2016.03.006
https://doi.org/10.1016/S1474-4422(21)00030-2
https://doi.org/10.3390/foods10102345
https://doi.org/10.3390/ijms24043380
https://doi.org/10.2741/4798
https://doi.org/10.1016/j.ejphar.2007.05.009
https://doi.org/10.1007/s10014-016-0255-7
https://doi.org/10.3390/molecules27154753
https://doi.org/10.3390/molecules27154753
https://doi.org/10.2147/IJN.S186888


 

217 
 
 

squamous cell carcinoma cells. Journal of Natural Medicines, 71(1), 158–169. 

https://doi.org/10.1007/s11418-016-1045-6 

Uyar, A., Doğan, A., Yaman, T., Keleş, Ö. F., Yener, Z., Çelik, İ., & Alkan, E. E. (2022). 

The Protective Role of Urtica dioica Seed Extract Against Azoxymethane-

Induced Colon Carcinogenesis in Rats. Nutrition and Cancer, 74(1), 306–319. 

https://doi.org/10.1080/01635581.2021.1881568 

Vajic, U. J., Grujic-Milanovic, J., Miloradovic, Z., Jovovic, D., Ivanov, M., Karanovic, 

D., Savikin, K., Bugarski, B., & Mihailovic-Stanojevic, N. (2018). Urtica dioica 

L. leaf extract modulates blood pressure and oxidative stress in spontaneously 

hypertensive rats. Phytomedicine : International Journal of Phytotherapy and 

Phytopharmacology, 46, 39–45. https://doi.org/10.1016/j.phymed.2018.04.037 

Valko, M., Leibfritz, D., Moncol, J., Cronin, M. T., Mazur, M., & Telser, J. (2007). Free 

radicals and antioxidants in normal physiological functions and human 

disease. The international Journal of Biochemistry & Cell Biology, 39(1), 44–84. 

https://doi.org/10.1016/j.biocel.2006.07.001 

VanDuyn, N., & Nass, R. (2014). The putative multidrug resistance protein MRP-7 

inhibits methylmercury-associated animal toxicity and dopaminergic 

neurodegeneration in Caenorhabditis elegans. Journal of 

Neurochemistry, 128(6), 962–974. https://doi.org/10.1111/jnc.12515 

Varga, S. J., Qi, C., Podolsky, E., & Lee, D. (2014). A new Drosophila model to study the 

interaction between genetic and environmental factors in Parkinson's 

disease. Brain Research, 1583, 277–286. 

https://doi.org/10.1016/j.brainres.2014.08.021 

Venkatadri, B., Shanparvish, E., Rameshkumar, M. R., Arasu, M. V., Al-Dhabi, N. A., 

Ponnusamy, V. K., & Agastian, P. (2020). Green synthesis of silver nanoparticles 

using aqueous rhizome extract of Zingiber officinale and Curcuma longa: In-

vitro anti-cancer potential on human colon carcinoma HT-29 cells. Saudi Journal 

of Biological Sciences, 27(11), 2980–2986. 

https://doi.org/10.1016/j.sjbs.2020.09.021 

Ventruti, A., & Cuervo, A. M. (2007). Autophagy and neurodegeneration. Current 

Neurology and Neuroscience Reports, 7(5), 443–451. 

https://doi.org/10.1007/s11910-007-0068-5 

Villalón-García, I., Álvarez-Córdoba, M., Povea-Cabello, S., Talaverón-Rey, M., 

Villanueva-Paz, M., Luzón-Hidalgo, R., Suárez-Rivero, J. M., Suárez-Carrillo, 

A., Munuera-Cabeza, M., Salas, J. J., Falcón-Moya, R., Rodríguez-Moreno, A., 

Armengol, J. A., & Sánchez-Alcázar, J. A. (2022). Vitamin E prevents lipid 

peroxidation and iron accumulation in PLA2G6-Associated 

Neurodegeneration. Neurobiology of Disease, 165, 105649. 

https://doi.org/10.1016/j.nbd.2022.105649 

Villella, A., & Hall, J. C. (2008). Neurogenetics of courtship and mating in 

Drosophila. Advances in Genetics, 62, 67–184. https://doi.org/10.1016/S0065-

2660(08)00603-2 

https://doi.org/10.1007/s11418-016-1045-6
https://doi.org/10.1080/01635581.2021.1881568
https://doi.org/10.1016/j.phymed.2018.04.037
https://doi.org/10.1016/j.biocel.2006.07.001
https://doi.org/10.1111/jnc.12515
https://doi.org/10.1016/j.brainres.2014.08.021
https://doi.org/10.1016/j.sjbs.2020.09.021
https://doi.org/10.1007/s11910-007-0068-5
https://doi.org/10.1016/j.nbd.2022.105649
https://doi.org/10.1016/S0065-2660(08)00603-2
https://doi.org/10.1016/S0065-2660(08)00603-2


 

218 
 
 

Wahba, N. S., Shaban, S. F., Kattaia, A. A., & Kandeel, S. A. (2016). Efficacy of zinc 

oxide nanoparticles in attenuating pancreatic damage in a rat model of 

streptozotocin-induced diabetes. Ultrastructural Pathology, 40(6), 358–373. 

https://doi.org/10.1080/01913123.2016.1246499 

Walker K. A. (2018). Inflammation and neurodegeneration: chronicity 

matters. Aging, 11(1), 3–4. https://doi.org/10.18632/aging.101704 

Wang, D. X., Chen, A. D., Wang, Q. J., Xin, Y. Y., Yin, J., & Jing, Y. H. (2020). Protective 

effect of metformin against rotenone-induced parkinsonism in mice. Toxicology 

Mechanisms and Methods, 30(5), 350–357. 

https://doi.org/10.1080/15376516.2020.1741053 

Wang, Q., & Zuo, Z. (2018). Impact of transporters and enzymes from blood-

cerebrospinal fluid barrier and brain parenchyma on CNS drug uptake. Expert 

Opinion on Drug Metabolism & Toxicology, 14(9), 961–972. 

https://doi.org/10.1080/17425255.2018.1513493 

Wang, S., Long, S., Deng, Z., & Wu, W. (2020). Positive Role of Chinese Herbal 

Medicine in Cancer Immune Regulation. The American Journal of Chinese 

Medicine, 48(7), 1577–1592. https://doi.org/10.1142/S0192415X20500780 

Wang, Y., Xu, E., Musich, P. R., & Lin, F. (2019). Mitochondrial dysfunction in 

neurodegenerative diseases and the potential countermeasure. CNS Neuroscience 

& Therapeutics, 25(7), 816–824. https://doi.org/10.1111/cns.13116 

Wegner C. (2013). Recent insights into the pathology of multiple sclerosis and 

neuromyelitis optica. Clinical Neurology and Neurosurgery, 115 Suppl 1, S38–

S41. https://doi.org/10.1016/j.clineuro.2013.09.019 

Wei, W., Ma, D., Li, L., & Zhang, L. (2021). Progress in the Application of Drugs for the 

Treatment of Multiple Sclerosis. Frontiers in Pharmacology, 12, 724718. 

https://doi.org/10.3389/fphar.2021.724718 

Weiss, A. R., Liguore, W. A., Brandon, K., Wang, X., Liu, Z., Domire, J. S., Button, D., 

Srinivasan, S., Kroenke, C. D., & McBride, J. L. (2022). A novel rhesus macaque 

model of Huntington's disease recapitulates key neuropathological changes along 

with motor and cognitive decline. eLife, 11, e77568. 

https://doi.org/10.7554/eLife.77568 

WHO global meeting to accelerate progress on SDG target 3.4 on noncommunicable 

diseases and mental health. (2021). Eastern Mediterranean Health Journal = La 

Revue De Sante de la Mediterranee Orientale = Al-Majallah Al-Sihhiyah Li-

Sharq al-Mutawassit, 27(5), 524–525. https://doi.org/10.26719/2021.27.5.524 

Wild, E. J., & Tabrizi, S. J. (2017). Therapies targeting DNA and RNA in Huntington's 

disease. The Lancet. Neurology, 16(10), 837–847. 

https://doi.org/10.1016/S1474-4422(17)30280-6 

Wilson, D. M., 3rd, Cookson, M. R., Van Den Bosch, L., Zetterberg, H., Holtzman, D. 

M., & Dewachter, I. (2023). Hallmarks of neurodegenerative 

diseases. Cell, 186(4), 693–714. https://doi.org/10.1016/j.cell.2022.12.032 

https://doi.org/10.1080/01913123.2016.1246499
https://doi.org/10.18632/aging.101704
https://doi.org/10.1080/15376516.2020.1741053
https://doi.org/10.1080/17425255.2018.1513493
https://doi.org/10.1142/S0192415X20500780
https://doi.org/10.1111/cns.13116
https://doi.org/10.1016/j.clineuro.2013.09.019
https://doi.org/10.3389/fphar.2021.724718
https://doi.org/10.7554/eLife.77568
https://doi.org/10.26719/2021.27.5.524
https://doi.org/10.1016/S1474-4422(17)30280-6
https://doi.org/10.1016/j.cell.2022.12.032


 

219 
 
 

Wingerchuk, D. M., & Carter, J. L. (2014). Multiple sclerosis: current and emerging 

disease-modifying therapies and treatment strategies. Mayo Clinic 

Proceedings, 89(2), 225–240. https://doi.org/10.1016/j.mayocp.2013.11.002 

Wit, J., Sarup, P., Lupsa, N., Malte, H., Frydenberg, J., & Loeschcke, V. (2013). 

Longevity for free? Increased reproduction with limited trade-offs in Drosophila 

melanogaster selected for increased life span. Experimental Gerontology, 48(3), 

349–357. https://doi.org/10.1016/j.exger.2013.01.008 

Wołosiak, R., Drużyńska, B., Derewiaka, D., Piecyk, M., Majewska, E., Ciecierska, M., 

Worobiej, E., & Pakosz, P. (2021). Verification of the Conditions for 

Determination of Antioxidant Activity by ABTS and DPPH Assays-A Practical 

Approach. Molecules (Basel, Switzerland), 27(1), 50. 

https://doi.org/10.3390/molecules27010050 

Wyrostek, J., Kowalski, R., Pankiewicz, U., & Solarska, E. (2020). Estimation of the 

Content of Selected Active Substances in Primary and Secondary Herbal Brews 

by UV-VIS and GC-MS Spectroscopic Analyses. Journal of Analytical Methods 

in Chemistry, 2020, 8891855. https://doi.org/10.1155/2020/8891855 

Xie, J., Shen, Z., Anraku, Y., Kataoka, K., & Chen, X. (2019). Nanomaterial-based blood-

brain-barrier (BBB) crossing strategies. Biomaterials, 224, 119491. 

https://doi.org/10.1016/j.biomaterials.2019.119491 

Xu, L., & Pu, J. (2016). Alpha-Synuclein in Parkinson's Disease: From Pathogenetic 

Dysfunction to Potential Clinical Application. Parkinson's Disease, 2016, 

1720621. https://doi.org/10.1155/2016/1720621 

Yamamoto D. (2008). Brain sex differences and function of the fruitless gene in 

Drosophila. Journal of Neurogenetics, 22(3), 309–332. 

https://doi.org/10.1080/01677060802298491 

Yang, Y., Tapias, V., Acosta, D., Xu, H., Chen, H., Bhawal, R., Anderson, E. T., Ivanova, 

E., Lin, H., Sagdullaev, B. T., Chen, J., Klein, W. L., Viola, K. L., Gandy, S., 

Haroutunian, V., Beal, M. F., Eliezer, D., Zhang, S., & Gibson, G. E. (2022). 

Altered succinylation of mitochondrial proteins, APP and tau in Alzheimer's 

disease. Nature Communications, 13(1), 159. https://doi.org/10.1038/s41467-

021-27572-2 

Yankuzo, H., Ahmed, Q. U., Santosa, R. I., Akter, S. F., & Talib, N. A. (2011). Beneficial 

effect of the leaves of Murraya koenigii (Linn.) Spreng (Rutaceae) on diabetes-

induced renal damage in vivo. Journal of Ethnopharmacology, 135(1), 88–94. 

https://doi.org/10.1016/j.jep.2011.02.020 

Yazdani, S., Seitz, C., Cui, C., Lovik, A., Pan, L., Piehl, F., Pawitan, Y., Kläppe, U., Press, 

R., Samuelsson, K., Yin, L., Vu, T. N., Joly, A. L., Westerberg, L. S., Evertsson, 

B., Ingre, C., Andersson, J., & Fang, F. (2022). T cell responses at diagnosis of 

amyotrophic lateral sclerosis predict disease progression. Nature 

Communications, 13(1), 6733. https://doi.org/10.1038/s41467-022-34526-9 

Yin, H., Xu, L., & Porter, N. A. (2011). Free radical lipid peroxidation: mechanisms and 

analysis. Chemical Reviews, 111(10), 5944–5972. 

https://doi.org/10.1021/cr200084z 

https://doi.org/10.1016/j.mayocp.2013.11.002
https://doi.org/10.1016/j.exger.2013.01.008
https://doi.org/10.3390/molecules27010050
https://doi.org/10.1155/2020/8891855
https://doi.org/10.1016/j.biomaterials.2019.119491
https://doi.org/10.1155/2016/1720621
https://doi.org/10.1080/01677060802298491
https://doi.org/10.1038/s41467-021-27572-2
https://doi.org/10.1038/s41467-021-27572-2
https://doi.org/10.1016/j.jep.2011.02.020
https://doi.org/10.1038/s41467-022-34526-9
https://doi.org/10.1021/cr200084z


 

220 
 
 

Ying, S., Guan, Z., Ofoegbu, P. C., Clubb, P., Rico, C., He, F., & Hong, J. (2022). Green 

synthesis of nanoparticles: Current developments and limitations. Environmental 

Technology & Innovation, 26, 102336. https://doi.org/10.1016/j.eti.2022.102336 

Yousuf, S., Shabir, S., & Singh, M. P. (2022). Protection Against Drug-Induced Liver 

Injuries Through Nutraceuticals via Amelioration of Nrf-2 Signaling. Journal of 

the American Nutrition Association, 1–21. Advance online publication. 

https://doi.org/10.1080/27697061.2022.2089403 

Yusof, H. M., Mohamad, R., Zaidan, U. H., & Samsudin, A. A. (2022). Optimization of 

biosynthesis zinc oxide nanoparticles: Desirability-function based response 

surface methodology, physicochemical characteristics, and its antioxidant 

properties. Open Nano, 8, 100106. https://doi.org/10.1016/j.onano.2022.100106 

Zafar, N., Madni, A., Khalid, A., Khan, T., Kousar, R., Naz, S. S., & Wahid, F. (2020). 

Pharmaceutical and Biomedical Applications of Green Synthesized Metal and 

Metal Oxide Nanoparticles. Current Pharmaceutical Design, 26(45), 5844–

5865. https://doi.org/10.2174/1381612826666201126144805 

Zahin, M., Aqil, F., Husain, F. M., & Ahmad, I. (2013). Antioxidant capacity and 

antimutagenic potential of Murraya koenigii. BioMed Research 

International, 2013, 263509. https://doi.org/10.1155/2013/263509 

Zavoi, S., Fetea, F., Ranga, F., Baciu, A., & Socaciu, C. (2011). Comparative fingerprint 

and extraction yield of medicinal herb phenolics with hepatoprotective potential, 

as determined by UV-Vis and FT-MIR spectroscopy. Notulae Botanicae Horti 

Agrobotanici Cluj-Napoca, 39(2), 82-89. https://doi.org/10.15835/nbha3926278 

Zhang, H., Li, N., Li, K., & Li, P. (2014). Protective effect of Urtica dioica methanol 

extract against experimentally induced urinary calculi in rats. Molecular 

Medicine Reports, 10(6), 3157–3162. https://doi.org/10.3892/mmr.2014.2610 

Zhang, T. T., Li, W., Meng, G., Wang, P., & Liao, W. (2016). Strategies for transporting 

nanoparticles across the blood-brain barrier. Biomaterials science, 4(2), 219–229. 

https://doi.org/10.1039/c5bm00383k 

Zhong, Q. Q., & Zhu, F. (2022). Trends in Prevalence Cases and Disability-Adjusted 

Life-Years of Parkinson's Disease: Findings from the Global Burden of Disease 

Study 2019. Neuroepidemiology, 56(4), 261–270. 

https://doi.org/10.1159/000524208 

Zhong, Y., Liu, H., Liu, G., Zhao, L., Dai, C., Liang, Y., Du, J., Zhou, X., Mo, L., Tan, 

C., Tan, X., Deng, F., Liu, X., & Chen, L. (2022). A review on pathology, 

mechanism, and therapy for cerebellum and tremor in Parkinson's disease. NPJ 

Parkinson's Disease, 8(1), 82. https://doi.org/10.1038/s41531-022-00347-2 

Zhou, L., Chen, W., Lin, D., Hu, W., & Tang, Z. (2019). Neuronal apoptosis, axon damage 

and synapse loss occur synchronously in acute ocular hypertension. Experimental 

Eye Research, 180, 77–85. https://doi.org/10.1016/j.exer.2018.12.006 

Zhou, Y., Zhen, Y., Wang, G., & Liu, B. (2022). Deconvoluting the Complexity of 

Reactive Oxygen Species (ROS) in Neurodegenerative Diseases. Frontiers in 

Neuroanatomy, 16, 910427. https://doi.org/10.3389/fnana.2022.910427 

https://doi.org/10.1016/j.eti.2022.102336
https://doi.org/10.1080/27697061.2022.2089403
https://doi.org/10.1016/j.onano.2022.100106
https://doi.org/10.2174/1381612826666201126144805
https://doi.org/10.1155/2013/263509
https://doi.org/10.15835/nbha3926278
https://doi.org/10.3892/mmr.2014.2610
https://doi.org/10.1039/c5bm00383k
https://doi.org/10.1159/000524208
https://doi.org/10.1038/s41531-022-00347-2
https://doi.org/10.1016/j.exer.2018.12.006
https://doi.org/10.3389/fnana.2022.910427


 

221 
 
 

Zhu, T., Wang, L., Wang, L. P., & Wan, Q. (2022). Therapeutic targets of neuroprotection 

and neurorestoration in ischemic stroke: Applications for natural compounds 

from medicinal herbs. Biomedicine & Pharmacotherapy = Biomedecine & 

Pharmacotherapie, 148, 112719. https://doi.org/10.1016/j.biopha.2022.112719 

Zwaan, B., Bijlsma, R., & Hoekstra, R. F. (1995). Direct selection on life span in 

Drosophila melanogaster. Evolution; International Journal of Organic 

Evolution, 49(4), 649–659. https://doi.org/10.1111/j.1558-5646.1995.tb02301.x 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                                                                             

https://doi.org/10.1016/j.biopha.2022.112719
https://doi.org/10.1111/j.1558-5646.1995.tb02301.x


 

222 
 
 

 

 
 

appendIX I: 

LISt oF puBLICatIonS 

and preSentatIonS 

 

 

 
 



 

223 
 
 

APPENDIX 1                                                                           LIST OF PUBLICATIONS 

S.NO. TITLES IMPACT FACTOR 

1. Ethnopharmacological Effects of Urtica dioica, Matricaria 

chamomilla, and Murraya koenigii on Rotenone-Exposed 

D. melanogaster: An attenuation of cellular, Biochemical, 

and Organismal Markers. Antioxidants 2022  

7.675 

2. Therapeutic Potential of Green-Engineered ZnO 

Nanoparticles on Rotenone-Exposed D. melanogaster 

(Oregon R+): Unveiling Ameliorated Biochemical, 

Cellular, and Behavioral Parameters.  Antioxidants 2023 

7.675 

3. Proteinopathies: Deciphering Physiology and Mechanisms 

to Develop Effective Therapies for Neurodegenerative 

Disease. Molecular Neurobiology 2022  

5.68 

4. Synthesis of Green Engineered Silver Nanoparticles 

through Urtica dioica: An Inhibition of Microbes and 

Alleviation of Cellular and Organismal Toxicity in 

Drosophila melanogaster. Antibiotics 2022  

5.222 

5. Appraisal of the Antioxidant Activity, Polyphenolic 

Content, and Characterization of Selected Himalayan 

Herbs: Anti-Proliferative Potential in HepG2 Cells. 

Molecules 2022  

4.927 

 

6. Influence of the Gut Microbiota on the Development of 

Neurodegenerative Diseases.  

Mediators of Inflammation 2022  

4.711 

7. The evidence of in-vivo and in-vitro studies on 

microplastic and nano plastic toxicity in mammals. Physics 

and Chemistry of the Earth 2023 

3.98 

8. Protection of drug induced liver injuries through 

nutraceuticals via amelioration of Nrf2 signaling. Journal 

of the American Nutrition Association 2022  

3.57 

 

9. Protection of Phytoextracts against Rotenone-Induced 

Organismal Toxicities in Drosophila melanogaster via the 

Attenuation of ROS Generation. Applied Sciences 2022  

2.679 

10. Investigation of the Protective Effects of Urtica dioica, 

Capsella bursa-pastoris and Inula racemosa on 

Acetaminophen-Induced Nephrotoxicity in Swiss Albino 

Male Mice. Applied Sciences 2023  

2.679 

11. Book chapter: The aging: introduction, theories, principles 

and future prospective in Anti-Aging Drug Discovery on 

the Basis of Hallmarks of Aging (Elsevier) 2022.  

- 

https://www.sciencedirect.com/journal/physics-and-chemistry-of-the-earth-parts-a-b-c
https://www.sciencedirect.com/journal/physics-and-chemistry-of-the-earth-parts-a-b-c


 

224 
 
 

APPENDIX I                                                                                LIST OF CONFERENCES 

 

LIST OF INTELLECTUAL PROPERTY RIGHTS (IPR) 

1. Therapeutic applications of phyto-nanotechnology for the treatment of 

neurodegeneration (L-130386/2023) May 2023. 

2. Fabrication of green engineered zinc oxide nanoparticles and its therapeutic biomedical 

applications (L-127809/2023) May 2023. 

LIST OF WORKSHOPS 

1. Training on The Care and Use of Laboratory Animals in Accordance with Ethical 

Guidelines organized by School of Pharmaceutical Sciences, Human Resource 

Development Center (HRDC), Lovely Professional University (11-12 March 2022). 

 

 

S.NO. CONFERENCES DATE 

1. Participated in International Conference of 

Environmental, Agricultural, Chemical and Biological 

Sciences organized by Voice of Indian Concern for the 

Environmental (VOICE 2021) in association with Dept 

of Biotechnology, GLA University, Mathura, Uttar 

Pradesh, India and Dept of Zoology, Mercy College, 

Palakkad, Kerala, India. 

 

24-26 January 2021 

2. Participated in International Conference on 

Sustainability: Life on Earth 2021 (ICS-LOE 2021) 

organized by School of Bioengineering and Biosciences, 

Lovely Professional University, Phagwara with Institute 

of Forest Productivity, Ranchi, India.  

17-18 December 2021 

3. Participated in National Conference On Forensic 

Advancements & Technological Explorations 2022 

(FATE-2022) organized by the Department of Forensic 

Science, Lovely Professional University, Phagwara with 

Patiala bureau of identification, Patiala, India. 

25-26 November 2022 

 

4. Participated in 2nd International Conference on Plant 

Physiology and Biotechnology (ICPPB-2023) organized 

by the Division of Research and Development and 

Department of Molecular Biology and Genetic 

engineering, Lovely Professional University, In 

Association with Punjab State Council for Science and 

Technology. 

 

20-21st April 2023 



 

225 
 
 

  

  IF-7.675 



 

226 
 
 

   

IF-7.675 



 

227 
 
 

   

 

  

IF-5.222 



 

228 
 
 

 

  
IF-5.686 



 

229 
 
 

  

IF-4.927 



 

230 
 
 

   

IF-4.711 



 

231 
 
 

 

  
IF-3.98 



 

232 
 
 

 

  

IF-3.57 



 

233 
 
 

 

  
IF-2.7 



 

234 
 
 

 

  IF-2.7 



 

235 
 
 

 

  
Book Chapter 



 

236 
 
 

 

 

 


