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ABSTRACT

Millions of people worldwide, mostly older individuals have been diagnosed with Alzheimer's disease (AD), a progressive
and irreversible neurological disorder. A steady deterioration in cognitive function, including memory loss, language
impairment, and challenges with abstract thought and problem solving, is an indication of AD. Acetylcholinesterase
inhibitors, which raise acetylcholine levels in the brain, and memantine, which inhibits glutamate neurotransmitter action,
are the most often prescribed medications for Alzheimer's disease because there is presently no known cure and the
effectiveness of current treatments is limited. In this research, we explore the possibility of using the medicinal herb
Cocciniaindica to treat Alzheimer's disease. In particular, we emphasized on the potential of stigmasterol and campesterol,

two substances present in Cocciniaindica, to interact with target proteins linked to Alzheimer's disease.
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INTRODUCTION
Alzheimer's Disease

Alzheimer's disease is a neurological disorder that mainly affects older adults and has a significant impact on millions of
people worldwide. It is a progressive and irreversible condition that accounts for 60-70% of all dementia cases, making it
the most common cause of dementia. AD is defined by a gradual decline in cognitive abilities, such as memory loss,
difficulty with language, and challenges with abstract thinking and problem-solving. The illness is also associated with
behavioral and emotional changes, including apathy, agitation, and depression. AD is characterized at the molecular level
by the buildup of beta-amyloid peptides in the brain, which causes plaques that obstruct neuronal function and ultimately

lead to cell death.
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The development of neurofibrillary tangles, which are tau protein aggregates that impair neurons' ability to
function normally, is another hallmark of AD. The exact processes that cause the build-up of tau protein and beta-amyloid
peptides in the brain, ultimately leading to Alzheimer's disease, remain unclear. However, it is believed that a complex
interaction between environmental and hereditary factors plays a role in the development of the disease. Unfortunately,
there is currently no known cure for Alzheimer's, and current therapies only offer minimal relief from symptoms. However,
research into the underlying mechanisms of the disease is ongoing, and new treatment strategies are being considered. For
example, enzymes involved in the synthesis and removal of beta-amyloid peptides may be targeted, and immunotherapy
may be used to boost the immune system's ability to remove beta-amyloid from the brain. Analytical chemistry is currently
focused on using modern, high-tech instruments. Nonetheless, the concepts that underpin the creation of these instruments

have roots in earlier techniques.
Role of Enzymes in Alzheimer’s Disease

There are two types of enzymes that have been associated with Alzheimer's disease: acetylcholinesterase (AChE) and beta-
secretase (BACE1), in addition to gamma-secretase. Beta-amyloid peptides are crucial to the development of the condition
and are produced when BACE] cleaves the amyloid precursor protein (APP). Researchers are exploring BACE1 inhibitors
as potential treatment options. Gamma-secretase cleaves APP at different locations, producing beta-amyloid 1-40 and
amyloid-beta 1-42 peptides. These peptides build up in the brain, causing plaques. Therapeutic approaches that involve
inhibiting gamma-secretase activity have been investigated. Cognitive impairment in Alzheimer's disease has been linked

to reduced levels of acetylcholine.

Acetylcholinesterase (AChE) breaks down acetylcholine in the brain. While enzymes like neprilysin, insulin-
degrading enzyme, and endothelin-converting enzyme can break down beta-amyloid peptides, their activity may be
reduced in Alzheimer's disease, which could lead to an increase in beta-amyloid accumulation. Understanding the onset
and course of Alzheimer's disease requires an understanding of enzymes and current research is concentrated on creating

novel treatment strategies.
Cocciniaindica

The ivy gourd, also known as Cocciniaindica, is a climbing plant that belongs to the Curcurbitaceae family. It can be found
in India, Southeast Asia, and China, and is originally from tropical regions of Africa and Asia. It is a fast-growing shrub
that can be easily grown through stem cuttings or seeds. The leaves, stems, and fruits of Cocciniaindica are commonly used
as a vegetable and in traditional medicine to treat various ailments like fever, coughing, skin conditions, and diabetes.
Besides its medicinal properties, Cocciniaindica contains bioactive substances like alkaloids, flavonoids, and terpenoids
that have antibacterial, antioxidant, and anti-inflammatory properties.These compounds have been studied for their

potential in treating various diseases, including cancer, diabetes and neurodegenerative disorders.
AIM AND OBJECTIVE
Aim

The current interest in natural products as a source of therapeutic compounds is certainly expected, to give predication of

the ligand-receptor complex structure by using computation method.
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Objectives

e The main objective of the present study is to isolate the potent anti-Alzheimer activity compounds from the

Cocciniaindica belonging to Curcurbitaceae
e To identify the most active chemical compounds are effective as anti-Alzheimer are performing docking software.
e Binding energy of ligand with macromolecule was find out by Auto dock software.
e To visualize the protein with ligand, discovery studio and chimera were used.
MATERIALS AND METHODS
Molecular Docking

Molecular docking is a technique used to predict the binding mechanism and binding affinity of a protein-ligand complex.
It has become an important part of the drug discovery process. Insilico docking investigations are conducted or produced
using computer modeling or computer simulation. Based on a literature survey, the enzyme Transferase for Anti-
Alzheimer activity has been chosen for insilico docking research. The protein will be obtained from the protein database,

and the required research will be carried out in an organized and logical manner.
Key stages in docking

e  Target/ receptor selection and preparation

e Ligand selection and preparation

e Docking

e  Evaluating docking result

cule-small molecule

——

Figure 1: Process of Docking Studies.
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Docking Studies

Molecular docking analysis preparation of protein structure: The protein data bank (PDB) web contains a

collection of 3D structure of large biological molecules including proteins and nucleic acids.

The structure of transferase proteins having PDB ID 4XZ7 with resolution 2.10 A° was retrieved from the protein

bank data http://www.resb.org/pdb/.

All the interacting heavy atoms, water molecules, metal ions are removed and added with hydrogen atoms,
stabilized with minimized energy using “Add Energy”, Kollman Charge, Gasteiger Charge were added in the
Autodock MGL Tool.

Ligand preparation drug compound resveratrol was drawn using the ACD/Chemsketch software as MOL format

and then converted to pdb format using “OpenBabel” of MGL Tool.

Docking the compounds prepared as ligands were docked against each of the prepared protein receptors using

“AutoDock” of MGL Tool.

In Autodock MGL Input the PDB format of ligand from the OpenBabel software, and save the output as . PDBQT
format. Now add the grid by input the macromolecule and select the ligand. In grid box set the x,y,z dimension as
60X60X60 and pick the atom from Atom toolbar, Save the atom grid as .TXT config file and output was saved as
GPF (Grid Parameter File). Run the Autogrid, and do the docking manual select macromolecule and ligand, In
search parameter set the genetic algorithm RA run as 25. Save the output as Lamarckian GA (4.2) DPF. Run
Autodock, In docking save the output as Vina Config (config.txt). Vina and save as outpdbqt file after and analyse

it and save the result data.

INSILICO DOCKING STUDIES

Anti-Alzheimer Activity

The binding affinity score given by atomic contact energy (ACE) value for Stigmasterol at transferase enzyme is -6.1 and

the hydrogen bond interaction formed by Stigmasterol on transferase enzyme is shown in figure a&b along with their

polarity view and visualization figure c&d.
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Figure 2: Docking Image of Stigmasterol at Transferase Enzyme.
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The binding affinity score given by atomic contact energy (ACE) value for Campesterol at Transferase enzyme is
-6.2 and the hydrogen bond interaction formed by Campesterol on transferase enzyme is shown in figure a&b along with
their polarity view and visualization c&d.
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Figure 4: Structure of Ligands.
3.5 Binding Energy of the Molecular Docking Study of Compound Ligands with the Protein 4XZ7

Table 5: Binding Energy

1 Stigmasterol 1 -6.1 3 VAL 219, ARG 228, ALA 231
VAL 322, ARG 311, ALA 310,
2 Campesterol 1 -6.2 4 VAL 303
RESULTS AND DISCUSSION

The objective of our research was to investigate the potential of Cocciniaindica, a medicinal plant, in the treatment of
Alzheimer's disease. Specifically, we focused on two compounds found in Cocciniaindica, namely stigmasterol and

campesterol, and their ability to interact with target proteins implicated in Alzheimer's disease.

To accomplish this, we employed molecular docking techniques using Autodock software. Molecular Docking is

a computational method that predict the binding affinity between a ligand (in this case, stigmasterol and campesterol) and a
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target protein (associated with Alzheimer's disease). It allows you to explore the potential interactions and binding modes
of the compounds within the protein’s active site. We began by obtaining the 3D structures of the target proteins involved

in Alzheimer's disease. These proteins include amyloid beta plaques, tau protein, or other relevant targets.

Next, we prepared the ligands (stigmasterol and campesterol) by obtaining their 3D structures and optimizing
their conformations. Using Autodock software, we performed molecular docking simulations. The software utilizes various
algorithms to explore the binding interactions between the ligands and the target proteins. It calculates binding energies
and generates docking scores, which provides insights into the strength and stability of the ligand- protein complexes.
After the docking simulations, we analysed the results to identify the most favourable binding poses of stigmasterol and

campesterol within the target proteins.

And assessed the docking scores and binding energies to rank the compounds based on their predicted binding
affinity and potential therapeutic efficacy. In this research paper, we presented the results and discussed the implications of
the molecular docking findings. And also highlighted the specific interactions between stigmasterol/campesterol and the

target proteins, emphasizing their potential to modulate key pathways involved in Alzheimer's disease.

Additionally, we have compared the docking results of stigmasterol and campesterol to determine which
compound exhibited stronger binding or unique interactions. Overall, this research paper aimed to explore the therapeutic
potential of Cocciniaindica compounds, stigmasterol and campesterol, in Alzheimer’s disease by employing molecular
docking techniques using Autodock software. The findings from this study contribute to the understanding of how these
natural compounds could interact with target proteins associated with Alzheimer's disease, offering insights into their

potential as therapeutic agents for the treatment of this neurodegenerative disorder.

CONCLUSION

The recent study has highlighted that the main area of focus in emerging research is the exploration of natural sources of
medication for their anti-Alzheimer's activity. Additionally, this research can be employed to identify a lead molecule

against a protein target or alternatively, to locate a protein target against a query ligand.
REFERENCES

1. https://'www.alzheimer-
europe.org/content/download/195515/1457520/file/FINAL%2005707%20AIzheimer%20Europe%20yearbook%:2
02019.pdf

2. Bachman, D. L. et al. Incidence of dementia and probable Alzheimer’s disease in a general population: the

Framingham Study. Neurology 43, 515-519 (1993)

3. Kumar-Singh, S. et al. Mean age-of-onset of familial Alzheimer disease caused by presenilin mutations correlates

with both increased AP42 and decreased Af40. Hum. Mutat. 27, 686—695 (2006).

4. Bateman, R. J. et al. Clinical and biomarker changes in dominantly inherited Alzheimer’s disease. N. Engl. J.

Med. 367, 795-804 (2012).

5. 5. Ryman, D. C. et al. Symptom onset in autosomal dominant Alzheimer disease: a systematic review and meta-

analysis. Neurology 83, 253-260 (2014)

Impact Factor (JCC): 7.6910 NAAS Rating 3.99



Molecular Docking of Stigmasterol and Campesterol as Inhibitors of Alzheimer’s Disease 157

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Jankowsky, J. L. et al. Mutant presenilins specifically elevate the levels of the 42 residue p-amyloid peptide in
vivo: evidence for augmentation of a 42-specific y secretase. Hum. Mol. Genet. 13, 159-170 (2004).

Jansen, W. J. et al. Prevalence of cerebral amyloid pathology in persons without dementia: a meta-analysis.

JAMA 313, 1924-1938 (2015)

Prince, M. et al. World Alzheimer Report 2015. Alzheimer’s Disease International [online], hitps://
www.alz.co.uk/research/WorldAlzheimerReport2015. pdf (2015).

Rowe, C. C. et al. Predicting Alzheimer disease with f-amyloid imaging: results from the Australian Imaging,

Biomarkers, and Lifestyle Study of Ageing. Ann. Neurol. 74, 905-913 (2013).
Sperling, R. A. et al. The A4 study: stopping AD before symptoms begin? Sci. Transl. Med. 6, 228f513 (2014).

Murdock, M.H., Tsai, LH. Insights into Alzheimer’s disease from single-cell genomic approaches. Nat Neurosci
26, 181-195 (2023). https://doi.org/10.1038/s41593-022-01222-2

Grubman, A. et al. A single-cell atlas of entorhinal cortex from individuals with Alzheimer’s disease reveals cell-

type-specific gene expression regulation. Nat Neurosci 22, 2087-2097 (2019)

Leng, K. et al. Molecular characterization of selectively vulnerable neurons in Alzheimer’s disease. Nat Neurosci

24, 276-287 (2021)

Silva, Walimuni Nayomi Deshani De; Attanayake, Anoja Priyadarshani; Arawwawala, Liyanage Dona Ashanti
Menuka; Karunaratne, Desiree Nedra, and Pamunuwa, Geethi Kaushalya (2023) "In vitro antioxidant activity of
alginate nanoparticles encapsulating the aqueous extract of Cocciniagrandis L.," Turkish Journal of Chemistry:

Vol. 47: No. 4, Article 5. https://doi.org/10.55730/1300-0527.3573

G. K. P, Shantaram M, H. L. R, Kumar M. S, V. K. H, D. V. P. A comprehensive analysis of wild edible fruits from
the Rangayyanadurga four-horned antelope wildlife sanctuary. Biomedicine [Internet]. 2023 May 4 [cited 2023
Dec. 12];43(02):545-53.

Nazar, S., Jeyaseelan, M., Jayakumararaj, R. Local health traditions, cultural reflections and ethno-taxonomic
information on wild edible fruit yielding medicinal plants in Melur region of Madurai District, TamilNadu, India.
J Drug DelivTher. 2022,;12(3):138-157.

Ibrahim, R.M., Abdel-Baki, P.M., Elmasry, G.F., EI-Rashedy, A.A. and Mahdy, N.E., 2023. Combinative effects of
akarkara root-derived metabolites on anti-inflammatory and anti-alzheimer key enzymes: integrating bioassay-
guided fractionation, GC-MS analysis, and in silico studies. BMC Complementary Medicine and Therapies,
23(1), p.413.

Saeed, Farhan, Muhammad Imran, GhulamHussain, and Ali Imran. "Polyphenol-based dietary intervention

against neurodegenerative disorders." Frontiers in Nutrition 10 (2023): 1208308.

Rudzinska, M., Grygier, A., Olejnik, A., Kowalska, K., Kmiecik, D., Chojnacka, A., ...&Przybylski, R. (2023).
Heating and storage of structured acylglycerols with succinyl-linked stigmasterol residue does not cause negative

chemical or biological changes. Scientific Reports, 13(1), 21375.

www.iaset.us editor@iaset.us



158

Shanmugasundaram P, Ronald Darwin C*, Parthiban S, Theetchanya S, Prakash R, A R Vijayakumar & Karthickeyan Krishnan

20. Nagori, Kushagra, et al. "Unlocking the Therapeutic Potential of Medicinal Plants for Alzheimer’s Disease:

21

22.

23.

24.

25.

Preclinical to Clinical Trial Insights." Future Pharmacology 3.4 (2023): 877-907.

Guo T, Zhang D, Zeng Y, Huang TY, Xu H, Zhao Y. Molecular and cellular mechanisms underlying the
pathogenesis of Alzheimer’s disease. Molecular neurodegeneration. 2020 Dec;15(1):1-37.

Rogers SL, Friedman RB. The underlying mechanisms of semantic memory loss in Alzheimer's disease and

semantic dementia. Neuropsychologia. 2008 Jan 1;,46(1):12-21.

Vega GL, Weiner MF, Lipton AM, Von Bergmann K, Liitiohann D, Moore C, Svetlik D. Reduction in levels of
24S-hydroxycholesterol by statin treatment in patients with Alzheimer disease. Archives of neurology. 2003 Apr
1;60(4):510-5.

Manakadan, A.A., Suja, S.T., Silvipriya, K.S. and Chithra, J., 2015. A computational in silico approach for
identification of Indian herbs for the treatment of Alzheimer's disease. Research journal of pharmaceutical,

biological and chemical sciences, 6(1), pp.414-422.

Vanmierlo T, Popp J, Koelsch H, Friedrichs S, Jessen F, Stoffel-Wagner B, Bertsch T, Hartmann T, Maier W, von
Bergmann K, Steinbusch H. The plant sterol brassicasterol as additional CSF biomarker in Alzheimer’s disease.

ActaPsychiatricaScandinavica. 2011 Sep,124(3):184-92.

26. Burg, Verena K., Heike S. Grimm, Tatjana L. Rothhaar, Sven Grosgen, Benjamin Hundsdérfer, Viola J.

Haupenthal, Valerie C. Zimmer et al. "Plant sterols the better cholesterol in Alzheimer's disease? A mechanistical

study." Journal of Neuroscience 33, no. 41 (2013): 16072-16087.\

27. Fernholz, E. and MacPhillamy, H.B., 1941. Isolation of a new phytosterol: campesterol. Journal of the American

28.

29.

30.

31.

32.

33.

Chemical Society, 63(4), pp.1155-1156.

Jain, P. S., & Bari, S. B. (2010). Isolation of lupeol, stigmasterol and campesterol from petroleum ether extract of

woody stem of Wrightiatinctoria. Asian Journal of Plant Sciences, 9(3), 163.

Jakhar R, Dangi M, Khichi A, Chhillar AK. Relevance of molecular docking studies in drug designing. Current
Bioinformatics. 2020 May 1;15(4):270-8.

Shoichet, Brian K., Susan L. McGovern, Binging Wei, and John J. Irwin. "Lead discovery using molecular
docking." Current opinion in chemical biology 6, no. 4 (2002): 439-446.

Khan MT, Orhan I, Senol F'S, Kartal MU, Sener B, Dvorska M, Smejkal K, S’lapetovd T. Cholinesterase inhibitory
activities of some flavonoid derivatives and chosen xanthone and their molecular docking studies. Chemico-

Biological Interactions. 2009 Oct 30;181(3):383-9.

Lazarevic-Pasti T, Leskovac A, Momic T, Petrovic S, Vasic V. Modulators of acetylcholinesterase activity: From

Alzheimer's disease to anti-cancer drugs. Current medicinal chemistry. 2017 Sep 1;24(30):3283-309.

Ono, K., Hasegawa, K., Naiki, H. and Yamada, M., 2004. Anti-amyloidogenic activity of tannic acid and its
activity to destabilize Alzheimer's f-amyloid fibrils in vitro. BiochimicaetBiophysicaActa (BBA)-molecular basis

of disease, 1690(3), pp.193-202.

Impact Factor (JCC): 7.6910 NAAS Rating 3.99



Molecular Docking of Stigmasterol and Campesterol as Inhibitors of Alzheimer’s Disease 159

34.

35.

36.

37.

38.

39.

40.

Rogers J, Cooper NR, Webster S, Schultz J, McGeer PL, Styren SD, Civin WH, Brachova L, Bradt B, Ward P.
Complement activation by beta-amyloid in Alzheimer disease. Proceedings of the National Academy of Sciences.

1992 Nov 1;89(21):10016-20.

Price, D.L., Sisodia, S.S. and Gandy, S.E., 1995. Amyloid beta amyloidosis in Alzheimer's disease. Current
opinion in neurology, 8(4), pp.268-274.

Haass, Christian, and Dennis J. Selkoe. "Cellular processing of beta-amyloid precursor protein and the genesis of

amyloid beta-peptide."” Cell 75, no. 6 (1993): 1039-1042.

Arvanitakis, Z., Shah, R. C., & Bennett, D. A. (2019). Diagnosis and management of dementia. Jama, 322(16),
1589-1599.

Mendez, M.F. and Cummings, J.L., 2003. Dementia: a clinical approach. Butterworth-Heinemann.

Bathgate, D., J. S. Snowden, A. Varma, A. Blackshaw, and D. Neary. "Behaviour in frontotemporal dementia,

Alzheimer's disease and vascular dementia." Actaneurologicascandinavica 103, no. 6 (2001): 367-378.

Shen, Y., Ye, B., Chen, P., Wang, Q. Fan, C., Shu, Y. and Xiang, M., 2018. Cognitive decline, dementia,
Alzheimer’s disease and presbycusis: examination of the possible molecular mechanism. Frontiers in

neuroscience, 12, p.394.

www.iaset.us editor@iaset.us






