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ROLE OF CENTELLA ASIATICA PLANT’S EXTRACTS IN THE 

PARKINSONISM: A MOLECULAR DOCKING APPROACH. 

 

 

 

ABSTRACT 

Parkinson disease is one of the highly prominent neurodegenerative disorders later 

than Alzheimer’s disease, signified by the ongoing death of dopaminergic neurons in 

the central brain portion named substantia nigra pars compacta. Pathological 

parkinsonism is supported by the aberrant accumulation of α-synuclein, which the vital 

hallmark of Parkinson disease.  Several other hall mark of Parkinson disease is chronic 

activation of microglia or astrocytes cell, oxidative stress, mitochondrial dysfunction, 

cellular cytotoxicity and brain inflammation. Parkinson is defined by motor and non-

motor symptoms. Bradykinesia, resting and rhythmic tremor, rigidity and abnormal 

body reflexes are the motor symptoms and on the other hand non motor symptoms are 

pain in several areas, sleeping disorder and mental issue in some cases. Oxidative stress 

is one the key marker in Parkinson nowadays and generation of ROS (Reactive oxygen 

species) is the main cause of oxidative stress in PD. Several therapeutic techniques and 

medication are effective on symptoms but not all the permanent effective. Centella 

asiatica popular herbs, used in several disorder like skin issues, cancer and wound 

healing. With their antioxidants properties recently C. asiatica gained much popularity 

and may effective in the oxidative stress and other parkinsonism supports. 

Keywords; Parkinson disease, Centella asiatica, oxidative stress, Alpha synuclein, 

Lewy bodies. 
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CHAPTER– 1 

INTRODUCTION 

 

 

 

1.1. BACKGROUND 

Parkinson disease, the second most common progressive  neurodegenerative 

disorder, effected majorly in the United States population (Beitz 2014). Age is the 

primary risk factor for parkinsonism, with an average starting age of 50-60 years and 

a rate of roughly 1% in people over 60 (Sherer et al. 2012). Parkinson disease is marked 

by the motor and non-motor indication like bradykinesia (slow in speed and activity), 

rest tremor & other tremor types, stiffness etc are motor symptoms. Sleep disorder, 

sensory inability like smell and taste and depression etc are the non-motor indication 

(Tolosa et al. 2021). The scientific community's interest in Parkinson's disease (PD) 

has increased due to the discovery of causative monogenetic mutations, However, 

these mutations are expected to account for only a small number of PD cases, and the 

precise pathogenetic processes leading selective dopaminergic cell death in PD remain 

unknown (de Lau and Breteler 2006). The progressive loss dopaminergic neurons 

(DA) in the substantia nigra (Portion of mid brain) is the primary cause of Parkinson's 

disease motor symptoms, even though various other neurotransmitter such as 

glutamatergic, cholinergic, tryptaminergic, noradrenergic, adrenergic, serotoninergic, 

and peptidergic systems are also compromised (Antony et al. 2013). α-Synuclein, a 

neuronal protein, serves a vital role in PD and other synuclein opathies. Aggregated α-

Syn influences the creation of Lewy bodies and neurites, identified as hallmark of 

Parkinson's disease. Scientific indicates that α-Syn misfolding and accumulation 

contribute a crucial role in the growth of Parkinson's disease (PD) (Mehra, Sahay, and 

Maji 2019). Dopamine degradation pathway and other studies suggest that accelerated 

neuronal damage in the mid brain is created by the free radicals and reactive oxygen 

species. Therefore, Oxidative stress has become increasingly accepted as a key cause 

of many disorders, particularly those associated with aging, such as Parkinson's disease 
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(Hassanzadeh and Rahimmi 2018). C. asiatica, a versatile plant with several scientific 

research, is gaining popularity for its wound-healing abilities. It is recognized for its 

capacity to cure minor wounds, scratches, burns, and skin irritations. As technology 

progresses, the herb's potential is being investigated, with reported benefits including 

anti-inflammatory, antibacterial, antifungal, depressive, antioxidant, and anticancer 

characteristics in many disorders link Parkinson disease (Lokanathan et al. 2016). 

 

1.2. LITERATURE SURVEY 

Mitochondrial dysfunction is one of the crucial hallmarks in PD. PD relies on several 

environmental and genetic factor, Large-scale linkage analysis studies found mutations 

in multiple genes related with familial Parkinson's disease, including α-synuclein, 

parkin, PINK1, DJ-1, LRRK2, ATP13A2, and rarer genes such as PARK3. Despite in 

advancement of recent year of treatment, PD still remain permanent incurable because 

of complex dysregulation or mass dysregulation of several metabolic pathway 

simultaneously. Oxidative stress in parkinsonism and mitochondrial abnormalities are 

the major progressive pathophysiological hallmark (Subramaniam and Chesselet 

2013). Several plant therapeutic approach may help of on non-motor symptoms but 

non completely effective in motor symptoms and completely neutralisation of ROS 

species. 

 

1.3.  IDENTIFICATION OF PROBLEM  

Despite multiple attempts of treatment still treating of parkinsonism remains a serious 

difficulty because of several pathophysiological hallmark. 

Parkinson's disease motor symptoms are handled predominantly with dopamine-based 

medications. Anticholinergic medications such as trihexyphenidyl are beneficial, 

although caution should be exercised owing to potential side effects. Regression of 

dopamine level is being the most common difficulty in PD and remain completely 

incurable (Armstrong and Okun 2020).  
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CHAPTER- 2 

LITERATURE REVIEW 

 

 

 

2.1 PARKINSON: A NUERODEGENRATIVE DISORDER 

Parkinson's disease (PD) is the next prevalent neurological ailment worldwide, behind 

Alzheimer's disease (AD). Over more than 200 years of research on Parkinson, since 

James Parkinson describe the Parkinson illness in 1817 then after that several 

significant discoveries of several molecules and role has been made. These milestone 

of more than 200 years in PD research, revealed and investigate the various aspects of 

Parkinson disease including the clinical and pathological characteristics, anatomy of 

parkinsonism, environmental and genetic factor of PD and advances in diagnostics and 

therapy technologies. Although Jean-Martin Charcot named Parkinson disease after 

James Parkinson and it’s been documented in ancient writings from both Western and 

Eastern literatures, with Parkinson first description in a monograph called “An essay 

on the shaking palsy” (Li and Le 2017). Parkinson disease is a neurodegenerative 

disorder marked by increasing continues loss of dopaminergic neurons in the SNPc 

(substantia nigra compacta) which is the portion of midbrain, linked to Lewy bodies. 

Lewy bodies is the main pathological hallmark of Parkinson disease, which contain 

the insoluble protein aggregation called α-synuclein. However, Parkinson disease 

having an extensive pathology in the central brain which include the other cellular 

component and pathways. Several motor and non-motor symptoms act as the key 

diagnostic criteria for Parkinson disease (PD). Motor symptoms such as resting tremor, 

cogwheel rigidity (potential rigidity in movement) and bradykinesia (slowness in 

movement and speed), On the other hand non-motor symptoms are anosmia (partial or 

complete loss of smell), constipation, depression (mental disorder) and sleep disorder. 

Non motor symptoms might appear years before the motor symptoms impairments and 

further during the later stages worse non-motor symptoms like pain and cognitive 

decline may occur (Simon, Tanner, and Brundin 2020). 
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Table1. Motor and non-motor symptoms occur in parkinsonism (Jankovic 2008). 

S. no Motor symptom’s Non-motor symptom’s 

1 Rhythmic tremor Pain in different part of the body 

2 Resting tremors Depression 

3 
Bradykinesia (lack & slowness in 

movement) 
Sleeping disorder 

4 Rigidity Anosmia (Loss of smell) 

5 
Hypomimia (lack of facial 

movement) 
Ageusia (loss of taste) 

6 Dysarthria (speech difficulty) Paresthesia (especially skin) 

7 
Dysphagia (Difficulty in 

swallowing) 
Apathy (motivational loss) 

8 
Sialorrhoea (Excessive saliva 

flow) 
  

9 Feeding issues   

10 Hygiene issue   

11 Slow activity in day-to-day life   

12 
Dystonia (Involuntarily 

contraction) 
  

13 Abnormal reflex   
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Fig 2.1. Notable History of Parkinson. 
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2.2 α-SYNUCLEIN AND STRUCTURE LINKED 

α-syn, which include140-amino-acid in their structure protein, is prevalent in 

presynaptic terminals and still has an undefined physiological role. Evidence shows 

that its concentration can modulate the SNARE complex, hence influencing 

neurotransmitter release. Excessive α-syn buildup is associated with Parkinson's 

disease (PD), the second most prevalent neurodegenerative disorder. Triplication of 

the α-syn gene raises its levels, whereas mutations such as A53T and A30P impede its 

breakdown, resulting in Parkinson's disease (Du, Xie, and Liu 2020). 

Despite intensive studies, the natural structure of alpha-synuclein is still remain 

uncleared characterized, with various description ranging from inherently disordered 

helical to a mix of both. Phospholipid membranes are more likely to include a helix-

rich structure, which sheds light on the protein's functional role. Exact native state of 

having certain lack of understanding, determining the protein’s precise role has been 

difficult, specific docking partner, post translational modification. The SNCA gene and 

alpha-synuclein possess a crucial role in pathology of Parkinson’s disease familial 

cases. Several studies also confirmed that alpha-synuclein is identified as the major 

protein present into the Lewy bodies (Meade, Fairlie, and Mason 2019). Scientific 

studies suggest that hydrophobic domain of alpha-synuclein, which composed of 71-

82 amino acid residues, is required for alpha-synuclein to polymerized into filaments. 

The study revealed that human alpha-synuclein, has an intrinsic filament-forming 

capacity, but on the other hand human beta-synuclein cannot polymerize into filaments 

even after prolonged exposure to assembly conditions. However, several reports 

suggest that few filaments were found of beta-synuclein after prolonged incubation 

(Giasson et al. 2001). About the genetic evidence, the link between genetics and 

Parkinson’s was first came to light in 1990. The first documented hereditary case of 

parkinsonism pathology was typically Lewy bodies parkinsonism (nowadays known 

as Parkinson disease). After the previous genetic linked and next logical steps is 

linkage analysis of defective genes (Golbe et al. 1990). 
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Fig 2.2. The process of accummulation and aggregation of alpha synuclein. Disrupting 

the balance between alpha-synuclein generation and clearance leads to the aggregation 

of monomers into oligomers, which can be on or off pathway oligomers. 
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2.3 LEWY BODY 

The Lewy Bodies, published in 1912, describes Lewy's life and investigation into 

Parkinson's disease. Lewy was the first person to offer a detailed description of the 

pathological anatomy of Parkinson's disease. Lewy was named head of the 

Neurological Research Institute and Clinic in Berlin after seven years of hard effort in 

1932 (Holdorff, Rodrigues e Silva, and Dodel 2013). There are two forms of Lewy 

bodies (LBs): cortical and brainstem-type. Brainstem-type LBs are abundant in 

eosinophils masses with a dense core and peripheral halo, whereas outer layes’s LBs 

are irregular, poorly defined structures that lack a core. LBs are also discovered 

inneurons processes known as intraneuritic LB. Most LB-containing processes are 

axons, and both brainstem-type and cortical LBs are made up of filamentous structures 

(Wakabayashi et al. 2013).  

Lewy bodies, a form of Parkinson's disease, are frequently studied using postmortem 

samples, which are static measurements of pathology. However, the use of fetal cell 

implants as an experimental therapy for Parkinson's disease in the 1980s and 1990s 

shed light on their biology. Despite variable therapeutic outcomes, several individuals 

treated with these cells had postmortem neuropathological examinations. Two 

important observations were made: a proportion of the fetal cells survived and 

successfully integrated into the basal ganglia, and there appeared to be Lewy body 

pathology in these new cells. This suggests that the aggregation of α-synuclein into 

Lewy bodies could spread from the aged diseased cells surrounding the implant into 

the newly integrated cells (Lewis and Spillane 2019), (Isacson 2003). 
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Fig. 2.3. LBL (lewy body dementia) defined into the image 
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 Fig 2.4. Different pathological hallmark of Parkinson disease, 1. Alpha synuclein 

oligomers aggregation leads to the dopaminergic neuron death, 2. α-Synuclein 

oligomers in mid brain interacts with other neurotoxic protein which ultimately leads 

to parkinsonism’s, 3. Unfolded oligomers serves as Lewy body component. 
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2.4. OXIDATIVE STRESS IN PARKINSONISM. 

2.4.1. MITOCHONDRIAL MECHANISM  

As we mentioned earlier, Parkinson disease cause movement impairment due to the 

progressive mortality of dopaminergic neurons resides in central brain portion called 

substantia nigra pars compacta, with the oxidative stress. Oxidative stress is a 

detrimental condition marked by the abnormal control of cellular redox activity, 

resulting to the creation of ROS. Let’s enlighten the role of mitochondria in the 

oxidative stress and relative linked. Mitochondria are the major generators of reactive 

oxygen species (ROS) in the healthy aging, releasing ATP to fuel brain activity and 

maintain cellular homeostasis through oxidative phosphorylation (Electron transport 

chain) (Dröse and Brandt 2008). Improper electron transfer from Electron transport 

system complexes I and III to oxygen happens spontaneously in mammalian 

mitochondrial and producing superoxide’s radicals and a by-product of energy 

synthesis process.  Reactive oxygen species can produce hydroxyl radicals (●OH), 

leading neuronal oxidative injury both within and outside mitochondria. Mitochondria 

contains eukaryotic superoxide dismutase’s (SOD), which convert superoxide radicals 

(O2 −) to less damaging hydrogen peroxide (H202). Manganese superoxide dismutase 

(SOD2) exists in the mitochondrial matrix and inner membrane; however, copper/zinc 

superoxide dismutase (SOD1) appears in the intermembrane space, cytosol, and other 

cellular compartments Weidinger & Kozlov, 2015).  

The aging SNc (produces more mitochondrial ROS due to poor physiological redox 

management, while excessive ROS in PD SNc is affiliations. with severe ETC 

dysfunction, oxidative damage from environmental chemicals, pesticides, and genetic 

mutations. The mitochondrial ETC system is already stressed out exceeding its redox 

capacity due to compounding elements, high energy demands from a complex axonal 

arbor, and a heavy calcium-buffering burden. Environmental toxins and pesticides, 

such as MPTP and rotenone, can penetrate lipid membranes and accumulate in 

mitochondria upon inhalation or ingestion. MPTP treatment impairs mitochondrial 

complex 1 redox activity by limiting electron transport, raising O2− production, and 

decreasing ATP synthesis. However, it only leads to a transitory 20% fall in mouse 
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striatal and midbrain ATP levels, indicating that MPTP-induced ATP deficit may have 

a fundamental pathogenic function in Parkinson's disease (Chan et al. 1991). 

Mitochondrial dysfunction is not always associated with energy failure, but it can 

decrease neuron function while remain beneficial for survival, particularly when 

chemicals cytotoxicize nigral dopaminergic neurons. Other changes in metabolism 

generated by MPTP, notably considerable ROS production, are thought to clarify the 

selective sensitivity of a specific neuronal population to degeneration in Parkinson's 

disease (PD). Transgenic mice with high SOD1 antioxidant activity are resistant to 

dopaminergic denervation after MPTP treatment. Understanding why these chemicals 

are preferentially toxic to nigral dopaminergic neurons may help identify crucial 

processes behind particular SNc neurodegeneration in Parkinson's disease (Trist, Hare, 

and Double 2019). 

 

2.4.2. ROS ACCUMULATION AND CELL DEATH PATHWAY RELATION 

ROS buildup is a crucial hallmark of the initial stages Parkinson's disease (PD), which 

causes neuronal death. Excess ROS levels can cause a variety of cell death processes, 

including apoptosis, cytoplasmic cell death, and autophagic cell death. However, 

technical restrictions make it difficult to establish which pathways are engaged in the 

SNc of Parkinson's patients in vivo. The slow pace of dopamine neuron loss and the 

fast clearance of dead dopamine neurons make postmortem identification of cell death 

markers challenging and frequently incorrect. Secondary techniques have been used to 

study cell death processes in postmortem Parkinson's disease tissues, involving Bcl-2 

family proteins, caspases, Fas, and p55. However, these procedures have produced 

inconsistent results and are not reproducible. Other cell death signalling pathways, 

such as autophagic cell death indicators, are challenging to understand since they can 

signal actions which encourage or decrease cell demise. Several research on cell 

mortality mechanisms in PD SNc has been conducted using dopaminergic cell cultures 

and animal models. In these models, neuronal cell death caused by PD-linked gene 

alterations results in different degrees of intrinsic and extrinsic apoptosis, autophagic 

cell death, and parthanatos. Dopamine neuronal death is also linked to the PD-mimetic 
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poisons MPTP, rotenone, and 6-OHDA, albeit to varying degrees (Clayton, Clark, and 

Sharpe 2005; David et al. 2009).  Increased ROS production in primary cultures of rat 

mesencephalic dopamine neurons has been linked to neurodegeneration, with 

substantial parthanatos. Multiple scientific animal models of Parkinson's disease, ROS 

buildup has been linked to priming, starting, and accelerating apoptosis in SNc 

dopamine neurons, as opposed to parthanatos and necroptosis. Mitochondrial-driven 

apoptosis is notably associated with ROS-induced cell death (Venderova and Park 2012). 

 

2.4.3. IRON ACCUMULATION IN OXIDATIVE STRESS 

Iron is a contributory risk factor for Parkinson's disease (PD) because it accumulates 

in synaptic neoplasms (SN). However, decreasing iron concentrations in peripheral 

blood indicate that this buildup is not owing to iron excess, but rather to iron 

homeostasis imbalance. Several scientific studies suggest the significance of oxidative 

stress in Parkinson's disease pathogenesis, implying that FRAP, vitamin C, and 

glutathione may be valuable antioxidant activity markers. Inflammation is also a part 

of the illness process, with myeloperoxidase, NTPDase, IMA, and perhaps ecto-5'-

nucleotidase serving as valid inflammatory activity indicators. The aging SNc brain 

region may suffer enhanced pro-oxidant interactions with dopamine as a result of labile 

iron buildup, which may be connected to age-dependent ferritin malfunction. This is 

owing to the inability to properly convert reactive ferrous iron into more stable ferric 

iron for storage. However, analogous experiments have not been carried out in human 

postmortem tissues due to challenges in maintaining iron redox state and the difficulty 

to reliably test ferritin iron loading in vivo. It is critical to identify the roles of microglia 

and astrocytes in iron accumulation in the aging SNc (Medeiros et al. 2016), (James et 

al. 2015). 
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Fig 2.4.1. OS in Parkinson's disease, causes loss of DA neuron’s, mitochondrial 

malfunction, and protein breakdown difficulties. This inhibits protein clearance, lipid 

peroxidation, protein oxidation, and DNA damage, resulting in neuronal death. 
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2.5. CENTELLA ASIATICA; A BENEFECIAL PLANT FOR BRAIN 

Centella asiatica is a tropical climate plant widespread in Southeast majority Asian 

nations. It develops in wet, gloomy places up to 7000 feet and is frequently found near 

river banks, streams, ponds, and irrigated fields. In India and Sri Lanka, it grows 

among stone walls or rocky establishes at heights of 2000 feet. C. asiatica, a herb 

utilized over thousands of years in India, China, Sri Lanka, Nepal, and Madagascar, is 

recognized for treating skin ailments, repairing wounds, and renewing nerves and brain 

cells, earning it the title of "Brain food" in India (Chandrika and Prasad Kumara 2015). 

Reactive oxygen species (ROS) serve a vital part in aging, with increased formation 

of ROS and a lack in antioxidant defences leading to cell death in brain diseases such 

as Parkinson's. Experimental studies suggest that MPTP induced mice model of 

Parkinson shows variance in LPO levels among brain areas might be resulting to 

changes in iron concentration & metabolism, which influence the formation of reactive 

oxygen species. The striatum and hippocampus have unusually high levels of non-

heme iron, which catalyses ROS formation. MPTP exposure might have created 

membrane lipid peroxidation, leading in membrane loss, integrity loss, and cell death 

in certain brain areas.  Centella asiatica, xenobiotic rich in polyphenols and triterpenes, 

may be an effective detoxifying agent for xenobiotics since it can reduce lipid 

peroxidation, boost brain antioxidants, and prevent the neurotoxic effects of MPTP, 

thus helping with parkinsonism care by acting as neuroprotective antioxidants 

(Haleagrahara and Ponnusamy 2010). Apart from the c. elegans model other model of 

Parkinsonism like transgenic drosophila model of Parkinson also demonstrated that C. 

asiatica component successfully limit parkinsonism in transgenic flies, with dose-

dependent protection against oxidative stress at several doses capacity and C. asiatica 

found to be neuroprotective in MPTP toxicity in the brain model pd. Studies indicated 

that C. asiatica powder lowered low density lipoprotein levels in mice, while Asiatic 

acid protected SH-SY5Y cells against rotenone or H2O2-induced cell damage, 

indicating that it might be used as a Parkinson's disease therapeutic agent. Transgenic 

Drosophila model found that C. asiatica components dramatically decreased oxidative 

chain reaction and protein carbonyl levels in flies treated  
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Fig 2.5. Centella asiatica plant sample and also available in the several other countries 

(Anon n.d.). 
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to varying dosages. This implies that using C. asiatica extract may slow down 

degradation in the substantia nigra pars compacta, enhancing mobility and lowering 

Parkinson's disease (PD) morbidity (Siddique et al. 2014). 

C. Asiatica contain multiple therapeutic component which is Widley used in research 

and medicine (Orhan 2012), (Harun et al. 2019). Extraction of bioactive compound 

form the herbs is another key important factor because bioactive chemicals are found 

in low quantities, developing effective and selective extraction procedures is critical 

for extracting them from herbal plants (Development n.d.). From past few years 

subcritical water method used broadly to extract bioactive compound from C. asiatica 

plant. The procedure of subcritical water method entailed collecting dried C. asiatica 

materials such as leaves, nodes, petioles, and roots, as well as acquiring Asiatic acid, 

asiaticoside, acetonitrile, methanol, ethanol, and DI water standard from the source 

and further follow standard procedure of extraction (Kim et al. 2009). 
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Table 2. Centella asiatica extract’s basic characteristics. 

S.no

. Extract name 

Blood-brain 

barrier Canonical SMILES 

1 Asiatic Acid Permeable  

 CC1CCC2(CCC3(C(=CCC4C3 

(CCC5C4(CC(C(C5(C)CO)O)O)C) 

C)C2C1C)C)C(=O)O 
 

2 Asiaticoside Non- Permeable  

 CC1CCC2(CCC3(C(=CCC4C3 

(CCC5C4(CC(C(C5(C)CO)O)O)C) 

C)C2C1C)C)C(=O)OC6C(C(C(C(O6

) 

COC7C(C(C(C(O7)CO)OC8 

C(C(C(C(O8)C)O)O)O)O)O)O)O)O 
 

3 Madecassic Acid Permeable  

 CC1CCC2(CCC3(C(=CCC4C3(CC 

(C5C4(CC(C(C5(C)CO)O)O)C)O)C) 

C2C1C)C)C(=O)O 
 

4 Madecassoside Non- Permeable  

 CC1CCC2(CCC3(C(=CCC4C3(CC( 

C5C4(CC(C(C5(C)CO) O)O)C)O)C) 

C2C1C)C)C(=O)OC6C(C(C(C(O6) 

COC7C(C(C(C(O7)CO)OC8C(C(C( 

C(O8)C)O)O)O)O)O)O)O)O 

5 Terminolic acid  Permeable  

 CC1(CCC2(CCC3(C(=CCC4C3(CC 

(C5C4(CC(C(C5(C)CO)O)O)C)O)C) 

C2C1)C)C(=O)O)C 
 

6 Asiaticoside B Non- Permeable  

 CC1C(C(C(C(O1) 

OC2C(OC(C(C2O) 

O)OCC3C(C(C(C(O3)OC 

(=O)C45CCC (CC4C6=CCC7C8(CC 

(C(C(C8C(CC7(C6(CC5) 

C)C) O) (C)CO) O) O) C) (C)C) O) 

O)O) 

CO)O)O) O 
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CHAPTER-3 

 METHODOLOGY 

 

 

 

3.1. DATA COLLECTION 

All the natural compounds taken from Centella asiatica plant namely asiatic acid, 

madecassic acid and Terminolic acid that have the ability to stop the progression of 

neurodegenerative diseases was produced by reviewing the literature. All of the 

compound’s SMILE structures were obtained from the PubChem database. The chosen 

compounds were then introduced via an online Blood Brain Barrier Permeability 

Predictor called Light BBB. Out of all the compounds that were chosen, three 

compounds i.e. first one is Asiatic acid. Second one is Madecassic acid and Terminolic 

acid were shown to be BBB permeable.  

 

3.2. PREPARATION OF PROTIEN 

The PDB crystal 1XQ8 has only chain A and sequence with a length of 140aa. Using 

BIOVIA discovery studio, the target protein, alpha-synuclein, was created in order to 

dock the protein with the selected compounds. As the taken protein target 1XQ8 is 

human micelle-bound alpha-synuclein, polar hydrogen atoms were introduced after 

heteroatoms and crystalline water molecules were eliminated. Following its 

generation, the target protein's structure was saved in PDB format. 

 

3.3. PREPARATION OF LIGAND 

Each of the ligand (compound) i.e. Asiatic acid, Madecassic acid and Terminolic acid 

was acquired from PubChem in SDF format, and it was then required to transform 

them into PDB format using the Open Babel online tool. After adding KOLLMANN 
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charges, both the ligand and the receptor were transformed into a PDBQT file using 

the Autodock program. 

 

 

Fig 3.1. Strcuture of prepared protein of α-Syn. 

 

3.4. MOLECULAR DOCKING USING AUTODOCK VINA 

The virtual screening program Autodock Vina is used to examine the relationship 

between a ligand and a protein, or receptor. Using Autodock Vina, the protein structure 

was constructed and active molecules were docked. A config file was developed in 

order to define grid settings (Grid box centre: X-axis = 230.77; Y-axis = 27.63; Z-axis 

= -15.16, Coordinates: X-axis = 58.28; Y-axis = 148.22; Z axis= 25.00), ligand name, 

receptor name, and exhaustiveness, all of which are critical in determining the amount 

of conformational sampling needed in molecular docking. In this work, exhaustiveness 
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is used to provide enough binding choices for both the ligand and the receptor without 

necessitating computational exhaustiveness. To ascertain a ligand molecule’s binding 

affinity, Vina analysis of output and log files are required, produced by Autodock. To 

find the interacting residues, an analysis was conducted on the compound’s output file. 

 

3.5. INTERPRETATION OF DOCKED STRUCTURE USING BIOVIA  

The auto dock data was evaluated using BioVia Discovery Studio in order to regulate 

the structural interaction between the choosen protein and ligand. The research 

investigated the relationship between amino acid ligand and receptor, visualizing the 

two-dimensional structure of the interaction through the use of the protein-ligand 

complex. 

 

3.6. INVESTIGATION TROUGH SWISS ADME  

Absorption, dispersion, metabolic activity, and excretion, or ADME, is a 

comprehensive examination of components such as lipophilicity, pharma kinetics, 

water solubility, physiochemical characteristics, and medicinal chemistry to confirm a 

drug's effectiveness and potency. A web-based program named SWISS ADME 

assesses the agonist chemicals based on predetermined standards. Canonical SMILES 

were uploaded to the server and made them accessible for analysis. 
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CHAPTER-4 

RESULTS 

 

 

 

4.1. INTERACTION BETWEEN TARGETED PROTIEN AND SELCETED 

LIGAND 

4.1.1. ASIATIC ACID DOCKED WITH ALPHA-SYNUCLEIN 

 

Fig 4.1. Interaction of Target protein and Asiatic acid. 
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Fig 4.1.1.1. 3D-Ligand interactions with alpha-synuclein 

 

 

Fig 4.1.1.2 2D-Ligand interactions with targeted protein.  
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4.1.2. MADECASSIC ACID DOCKED WITH ALPHA-SYNUCLEIN 

 

Fig 4.1.2.1 Interaction of Target protein and Madecassic acid. 

 

Fig. 4.1.2.2. 3D-Ligand interactions (Madecassic acid) with alpha-synuclein. 
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Fig. 4.1.2.3. 2D-Ligand interactions (Madecassic acid) with targeted protein. 
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4.1.3. TERMINOLIC ACID DOCKED WITH ALPHA-SYNUCLEIN 

 

Fig. 4.1.3.1 Interaction of Target protein and Terminolic acid. 

 

Fig. 4.3.1.2 3D-Ligand interactions (Terminolic acid) with alpha-synuclein. 
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Fig. 4.9. 2D-Ligand interactions (Terminolic acid) with targeted protein. 

The protein alpha-synuclein interacts with different amino acid residues, as seen below (Fig). 

Positive outcomes were obtained using the autodocking approach, which showed a high degree 

of contact between alpha-synuclein and ligand (Asiatic acid, Madecassic acid and Terminolic 

acid). According to the docking score, the ligand (Asiatic acid, Madecassic acid and 

Terminolic acid) efficiently binds to the alpha-synuclein protein. The binding energy is 

computed as follows: -6.3kcal/mol, -6.6 kcal/mol, -6.8 kcal/mol respectively and the Cluster 

RMSD value 0. Docking data was used to assess the topology of the compound's interaction 

with the target protein; the prospective target is represented by the spheroid and linear structure 

between the helical structure, whereas this interaction is represented by an A chain helical 

structure. 

 

4.2. LIGAND’s ADME STUDY 

Determining the ADME analysis of the study's ligands. Taking Lipinski's value into 

consideration as required, along with its shown water solubility under logs (ESOL), logs (Ali), 

and logs (SILICOS-IT) segment with a value of -6.33, -7.52, -4.28; -5.58, -6.56, -3.45; -5.67, 

-6.70, -3.90 of Asiatic acid, Madecassic acid and Terminolic acid respectively. The values of 

the skin permeation value (log Kp) are less, with values of -5.23 cm/s, -6.28 cm/s, -3.81 cm/s, 

and -6.18 cm/s respectively. To assess the drug's lipophilicity, cast log PO/W (XLOGP3). 
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Table 3. Binding score of different confirmation Centella asiatica extract. 

Ligand Binding Affinity rmsd/ub  rmsd/lb 

1xq8_119034_uff_E=876.98 -6.3 0 0 

1xq8_119034_uff_E=876.98 -6.1 4.382 3.364 

1xq8_119034_uff_E=876.98 -6.1 2.342 1.751 

1xq8_119034_uff_E=876.98 -6 9.187 3.918 

1xq8_119034_uff_E=876.98 -5.9 110.473 105.04 

1xq8_119034_uff_E=876.98 -5.9 8.326 4.539 

1xq8_119034_uff_E=876.98 -5.9 9.356 7.089 

1xq8_119034_uff_E=876.98 -5.8 71.508 65.92 

1xq8_119034_uff_E=876.98 -5.7 8.418 2.053 

1xq8_73412_uff_E=769.93 -6.6 0 0 

1xq8_73412_uff_E=769.93 -6.1 8.78 2.724 

1xq8_73412_uff_E=769.93 -6 6.95 3.802 

1xq8_73412_uff_E=769.93 -6 130 127.188 

1xq8_73412_uff_E=769.93 -5.9 73.907 69.276 

1xq8_73412_uff_E=769.93 -5.7 7.286 3.932 

1xq8_73412_uff_E=769.93 -5.7 97.653 93.077 

1xq8_73412_uff_E=769.93 -5.5 75.588 70.621 

1xq8_73412_uff_E=769.93 -5.4 73.597 69.04 

1xq8_12314613_uff_E=2156.24 -6.8 0 0 

1xq8_12314613_uff_E=2156.24 -6.5 6.929 1.86 

1xq8_12314613_uff_E=2156.24 -6.4 2.795 1.992 

1xq8_12314613_uff_E=2156.24 -6.3 74.676 70.433 

1xq8_12314613_uff_E=2156.24 -6.1 6.701 3.395 

1xq8_12314613_uff_E=2156.24 -6 5.086 2.709 

1xq8_12314613_uff_E=2156.24 -5.8 7.078 2.168 

1xq8_12314613_uff_E=2156.24 -5.8 5.562 2.693 

1xq8_12314613_uff_E=2156.24 -5.6 75.237 70.94 
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CHAPTER-5 

DISCUSSION & CONCLUSION 

 

 

 

This chapter, provides a thorough examination of a study's findings, evaluating their 

relevance, shortcomings, and recommendations for future research in the treatment of 

Parkinson disease (PD), while also addressing the study's limitations. 

 

5.1. INTERPRETATION AND ANALYSIS OF RESULTS 

Parkinsonism is a condition characterized by stiffness, tremor, and bradykinesia, with 

Parkinson's disease as the primary cause. It is asymmetric and responds to 

dopaminergic therapy, with no history or examination evidence. Pathological results 

show reduced nigral dopamine neurons and Lewy bodies in the surviving neurons 

(Samii, Nutt, and Ransom 2004). Different genetic and environmental factors which 

reveal the pathological hallmark of PD. Five more mutant genes associated to familial 

Parkinson's disease (PD), including parkin, PTEN-induced putative kinase 1, DJ-1, 

HTRA2, and LRRK2, have been found. These genes may contribute to mitochondrial 

dysfunction and oxidative stress in PD. Several scientific studies support that 

uncontrolled formation of ROS (reactive oxygen species) is a common feature in 

oxidative stress and mitochondrial dysfunction cascade (Shahrani et al. 2017). Centella 

asiatica, therapeutic and valuable herbs have several beneficial roles in the Parkinson 

disease and this study suggests that drugs with high binding values and permeability 

to the Blood Brain Barrier are more effective for treating Parkinson's disease (PD). 

Asiatic Acid, Madecassic Acid, Terminolic acid is the most effective ligand, according 

to a docking analysis. Although there is no cure X`of PD, but these discoveries may 

influence future research and lead to more effective treatment choices. For ligand 

binding stability, molecular dynamic modeling is advised, and biological activity 

should be assessed using both in vitro and in vivo investigations. 
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5.2. FUTURE SCOPE & SOCIAL IMPACT 

Parkinson's disease is supported by mitochondrial impairment and oxidative stress. 

Rotenone, a mitochondrial complex I inhibitor, causes parkinsonism and 

dopaminergic neuron loss. Centella asiatica extracts reduced rotenone-prompt 

parkinsonism’s and prevented DA neuronal death. Centella asiatica's neuroprotective 

actions include preserving mitochondrial complex I function, lowering lipid 

peroxidation, and upregulating antioxidant enzyme production. Consideration of 

several neuroprotective approach, such plant herbs could use in other hallmark of PD, 

which could be a revolutionary approach (Teerapattarakan et al. 2018). 

 

Centella asiatica is a apiaceae plant, which is native to Southeast Asian countries, is a 

tropical medicinal plant belonging to the Apiaceae family, commonly recognised as 

Gotu Kola. Centella asiatica herb has several pharmacological benefits for human 

health. According to studies, the plant not only has great wound healing qualities, but 

it also provides considerable protection against a variety of CNS illnesses (Khazdair, 

Kianmehr, and Anaeigoudari 2021). 

Hence this study review and analysis the neuroprotective outcomes of Centella 

asiatica plant. 
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