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Abstract 

This investigation delineates the drug–receptor interactions of galantamine derivatives through advanced molecular docking 
methodologies, underscoring their relevance in contemporary medicinal chemistry. Ten structurally novel galantamine 
analogues, incorporating the indanone ring system, were synthesized and rigorously characterized via spectral analysis. Docking 
simulations against human acetylcholinesterase (AChE, PDB ID: 1dx6) revealed consistently favorable binding energies and 
pronounced affinity for the enzyme’s catalytic pocket, with several derivatives surpassing the inhibitory potential of the parent 
compound. Critical interactions with residues including Trp86, Tyr124, Ser203, Glu202, Tyr337, Phe338, His447, and Tyr449 were 
elucidated, emphasizing the indispensability of flexible docking in capturing physiologically relevant conformations. The findings 
highlight the therapeutic promise of structural modifications to galantamine, particularly in enhancing pharmacological efficacy 
for Alzheimer’s disease management. By obstructing the peripheral anionic site of AChE, these analogues may attenuate 
amyloid-β aggregation, a cardinal pathological hallmark of neurodegeneration. Computational modeling thus emerges as a cost-
efficient and predictive paradigm for rational drug design, enabling the prioritization of candidate molecules prior to labor-
intensive experimental validation. Collectively, the synthesized galantamine derivatives constitute compelling lead scaffolds for 
the development of next-generation AChE inhibitors with augmented neuroprotective activity. While subsequent in-vitro and in-
vivo investigations remain imperative to substantiate therapeutic utility, this work establishes a robust foundation for the 
strategic advancement of cholinesterase-targeted interventions in neurodegenerative disorders. 
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Introduction 
Computational chemistry and physics provide powerful tools to study molecules and reactions using quantum 
mechanical approaches and computer simulations [01-05]. Since molecules are more complex than atoms, 
specialized programs have been developed to analyze their structures and properties [06]. These simulations allow 
researchers to calculate molecular properties and predict reaction mechanisms without relying solely on 
experimental methods [07, 08]. In drug design, this approach reduces costs and accelerates the discovery process 
by identifying promising compounds before laboratory testing [09-10]. 
Molecular docking has emerged as one of the most important techniques in computer-aided drug design [11, 12]. 
It evaluates how well a molecule binds to a target protein, helping researchers screen millions of compounds 
efficiently [13]. Since it is impractical to test each compound experimentally, docking provides a strategic 
infrastructure for identifying the most effective candidates [14]. It also guides chemists in modifying molecules to 
improve their binding affinity and therapeutic potential, making it a cornerstone of modern drug discovery [15]. 
Galantamine (GAL), an alkaloid derived from plants such as Galanthus caucasicus and Galanthus woronowii, is a 
notable example of a drug studied through computational and experimental methods [16, 17, 18]. GAL fits into the 
acetylcholinesterase (AChE) binding gorge but is too short to fully occupy it [19]. Importantly, it interacts with the 
peripheral anionic site (PAS), which is linked to amyloid beta (Aβ) aggregation and plaque formation in Alzheimer’s 
disease [20]. By blocking PAS, GAL can reduce Aβ aggregation, offering therapeutic benefits in neurodegenerative 
conditions [21]. 
Historically, GAL was first marketed under the brand name Nivalin and used to treat conditions such as myasthenia 
gravis, myopathy, and residual poliomyelitis paralysis [22]. Its ability to cross the blood-brain barrier and modulate 
cholinergic function led to its study in Alzheimer’s disease during the 1980s [23]. By 2000, GAL was approved for 
clinical use in Europe, the United States, and Asia, marking a significant milestone in neuropharmacology [24,25]. 
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This progression highlights how computational modeling and docking research complement experimental 
chemistry in advancing drug design and therapeutic innovation [26]. 
 
Fig1.1 Galantamine Structure. 

 
Acetylcholinesterase (AChE) is a critical enzyme in the central nervous system, responsible for breaking down 
acetylcholine (ACh), a neurotransmitter essential for neuronal communication [27,28]. In Alzheimer’s disease (AD), 
abnormal overexpression of AChE and the accumulation of β-amyloid plaques contribute to progressive neuronal 
damage [29, 30]. This dual role of AChE—both in neurotransmitter regulation and in plaque formation makes it a 
prime therapeutic target in AD research and treatment strategies [31]. 
Currently, four major AChE inhibitors tacrine, donepezil, galantamine, and rivastigmine are approved for AD 
therapy [32]. While these drugs can improve cognitive function by increasing acetylcholine levels, they suffer from 
limitations such as poor absorption and adverse side effects [33]. This has prompted researchers to explore natural 
compounds from medicinal plants, including alkaloids, flavonoids, tannins, and saponins, which show promising 
biological activity and may offer safer alternatives [34]. 
Molecular docking plays a pivotal role in this search for new inhibitors [35]. By simulating how bioactive molecules 
interact with the AChE binding pocket, docking studies provide insights into binding modes, pharmacophoric 
features, and potential modifications to enhance activity [36]. This computational approach allows rapid screening 
of thousands of compounds, narrowing down candidates before experimental validation [37]. It is particularly 
valuable in identifying natural products with structural features that can be optimized for therapeutic use [38]. 
In the research described, ten known derivatives of AChE inhibitors were examined through molecular docking to 
predict their binding mechanisms and pharmacophoric conformations [39]. Beyond evaluating existing molecules, 
the study also synthesized and designed novel inhibitors with improved structural features for stronger inhibitory 
action [40]. Such work demonstrates how computational modeling, combined with medicinal chemistry, 
accelerates the discovery of next-generation AChE inhibitors that may overcome current drug limitations and 
provide more effective treatment options for Alzheimer’s disease [41]. 
 

Experimental Work 

1. Software for Docking 
Auto-dock 1.5.7 was selected as the primary docking software due to its efficiency, accuracy, and ability to handle 
flexible docking protocols [42]. It enables the prediction of ligand binding modes within the receptor’s active site by 
calculating binding affinities and orientations [43]. This makes it particularly suitable for evaluating galantamine 
derivatives against acetylcholinesterase [44]. 
The program uses a scoring function to estimate binding energies, allowing researchers to compare the inhibitory 
potential of different compounds [45,46]. Its automated algorithms reduce computational time while maintaining 
reliability, making it a standard tool in computational drug design [47]. 
 
2. 2D Structure Drawing 
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ChemDraw Ultra 14.0 was employed to construct the 2D chemical structures of the synthesized galantamine 
derivatives [48]. This software provides a precise representation of molecular frameworks, ensuring accuracy in 
bond lengths, angles, and stereochemistry [49]. 
By generating clear 2D depictions, ChemDraw facilitates communication of structural information and serves as the 
foundation for subsequent 3D modelling [50]. These diagrams are essential for verifying synthetic pathways and 
documenting compound identity [51]. 
 
3. 3D Structure Generation 
Discovery Studio was used to convert the 2D structures into 3D configurations, which are necessary for docking 
simulations [52-55]. The software applies molecular mechanics and force-field calculations to generate realistic 
conformations [56]. 
This step ensures that the ligands adopt spatial orientations compatible with receptor binding. Accurate 3D models 
are critical for predicting interactions such as hydrogen bonding, hydrophobic contacts, and steric complementarity 
[57]. 
 
4. Protein Data Source 
The Protein Data Bank (PDB) served as the repository for acetylcholinesterase crystal structures [58]. Researchers 
accessed the enzyme’s 3D coordinates in PDB format, ensuring standardized and validated structural data [59]. 
Using experimentally determined protein structures enhances the reliability of docking studies [60]. It provides a 
biologically relevant framework for simulating ligand binding and evaluating pharmacophoric interactions [61]. 
 
5. Protein Preparation 
Before docking, proteins were prepared by removing water molecules and undesirable ligands using Discovery 
Studio [62]. This step prevents interference with binding simulations and ensures that only relevant residues 
participate in ligand interactions [63]. 
Protein preparation also involves energy minimization and optimization of side-chain orientations. Such 
refinements improve docking accuracy by replicating physiological conditions more closely [64]. 
 
6. Active Site Residues 
Key residues in the acetylcholinesterase active siteTrp86, Tyr124, Ser203, Glu202, Tyr337, Phe338, His447, and 
Tyr449 were identified as critical for ligand binding. These amino acids form the catalytic and peripheral binding 
regions of the enzyme [65-66]. 
Understanding these residues allows researchers to predict how galantamine derivatives interact with the enzyme. 
Strong contacts with these sites often correlate with enhanced inhibitory activity [67]. 
 
7. Flexible Docking 
Flexible docking was performed to allow side chains of active site residues to move during simulations. This 
accounts for protein flexibility, which is essential for capturing realistic binding conformations [68]. 
Rigid docking often oversimplifies interactions, while flexible docking provides a dynamic view of ligand–protein 
binding. This enhances predictive accuracy and reflects physiological binding mechanisms [69]. 
 
8. Docking Grid Parameters 
The docking grid was defined to enclose the co-crystallized ligand and flexible residues. Its center was set at X = 8.2, 
Y = 61.5, Z = -23.8, with dimensions of 17 × 17 × 17 Å. 
This grid ensures that docking simulations focus on the enzyme’s active pocket. Proper grid sizing is crucial to 
capture all relevant interactions while avoiding unnecessary computational overhead [70]. 
 

 Results And Discussion 

1. Molecular Docking Analysis 
The docking analysis provided insights into how galantamine derivatives interact with acetylcholinesterase (AChE). 
By retrieving the enzyme’s 3D structure from the Protein Data Bank, researchers ensured that the simulations 
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were based on experimentally validated data. The chosen protein (PDB ID: 1dx6) is a well-studied crystal structure 
of human AChE, making it suitable for comparative analysis. 
During docking, amino acids within the active pocket were observed to bind on both sides of the derivatives, 
confirming strong ligand–receptor interactions. Energy minimization of the protein further stabilized the docking 
environment, allowing the active sites to align favorably with the ligands. This step was crucial for ensuring realistic 
binding orientations. 
 
2. Flexible Docking Significance 
The interaction of ligands with the binding pocket caused notable rearrangements in amino acid positions. This 
highlighted the importance of flexible docking, where side chains of residues are allowed to rotate freely. Such 
flexibility mimics physiological conditions more accurately than rigid docking. 
By enabling dynamic movement of residues, flexible docking captured subtle conformational changes that enhance 
binding affinity. This approach provided a more reliable calibration of the docking procedure, ensuring that the 
predicted orientations of ligands reflected realistic biological interactions. 
 
3. Validation of Docking Process 
Validation was achieved by redrawing the native ligand in 2D, converting it into 3D, and selecting the best 
conformer. This ligand was then docked using Autodock Vina to confirm the accuracy of the docking protocol. The 
theoretical interaction closely resembled the crystal structure, reinforcing the reliability of the computational 
approach. 
This validation step is essential in molecular docking studies, as it demonstrates that the software and parameters 
can reproduce known binding patterns. Once validated, the same protocol can be confidently applied to novel 
derivatives. 
 
4. Docking of Galantamine Derivatives 
Ten galantamine derivatives were subjected to docking simulations using Autodock. Each compound’s binding 
energy was recorded, providing a quantitative measure of inhibitory potential. Lower binding energy values 
indicated stronger affinity for the enzyme’s active site. 
The comparative analysis revealed that several derivatives exhibited enhanced binding compared to galantamine 
itself. These results suggest that structural modifications can improve inhibitory activity, offering promising leads 
for drug development against Alzheimer’s disease. 
 
Table no 01- Derivatives of Galathamine 

SR.
NO 

IUPAC Name Structure 
Binding 
Energy 

1 

(E)-1-[(5,6-dimethoxy-1-oxo-2,3,5,6-
tetrahydro-1H- inden-2-yl)methyl]-
3-[5-({10-ethyl-4-methyl-12-oxa-4 
azatetracyclo[9.6.1.01,13.07,18]octade
c-16-en-15-yl}oxy)-1,5-
dihydroacridin-9-yl]-2- 
methylguanidine 

 

-10.13 
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2 

5,6-dimethoxy-2-{[4-({9-methoxy-4-
methyl-11-oxa-4- 
azatetracyclo[8.6.1.01,12.06,17]heptad
eca- 6,8,10(17),15-tetraen-14-
yl}oxy)piperazin-1- yl]methyl}-2,3-
dihydro-1H-inden-1-o 

 

-11.39 

3 

5,6-dimethoxy-2-{[4-({9-methoxy-4-
methyl-11-oxa-4- 
azatetracyclo[8.6.1.01,12.06,17]heptad
eca- 6,8,10(17),15-tetraen-14-
yl}oxy)phenyl]methyl}-2,3- dihydro-
1H-inden-1-one 

 

-11.04 

4 

5,6-dimethoxy-2-{2-[({9-methoxy-4-
methyl-11-oxa-4- 
azatetracyclo[8.6.1.01,12.06,17]heptad
eca-6,8,10(17),15-tetraen-14-
yl}oxy)methoxy]ethyl}-2,3- dihydro-
1H-inden-1-one 

 

-9.73 

5 

5,6-dimethoxy-2-[(3-{[({9-methoxy-
4-methyl-11-oxa-4- 
azatetracyclo[8.6.1.01,12.06,17]heptad
eca-6(17),7,9,15-tetraen-14- 
yl}oxy)amino]methyl}phenyl)methyl
]-2,3-dihydro-1H- inden-1-one 

 

-10.38 
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6 

9-methoxy-4-methyl-11-oxa-4- 
azatetracyclo[8.6.1.01,12.06,17]heptad
eca- 6(17),7,9,15-tetraen-14-yl N-
(5,6-dimethoxy-1-oxo- 2,3-dihydro-
1H-inden-2-yl)carbamate 

 
 
 
 
 
 -9.91 

7 

5,6-dimethoxy-2-[({12-methoxy-7-
methyl-16-oxa-7- 
azatetracyclo[11.2.1.05,15.09,14]hexa
deca-4,9(14),10,12-tetraen-3-
yl}oxy)(methyl)amino]-2,3- dihydro-
1H-inden-1-one 

 
 

-10.37 

8 

5,6-dimethoxy-2-[({9-methoxy-4-
methyl-11-oxa-4-
azatetracyclo[8.6.1.01,12.06,17]heptad
eca-6,8,10(17),15-tetraen-14-
yl}oxy)disulfanyl]-2,3- dihydro-1H-
inden-1-one 

 
 

-10.54 

9 

5,6-dimethoxy-2-[5-({12-methoxy-7-
methyl-16-oxa-7- 
azatetracyclo[11.2.1.05,15.09,14]hexa
deca-4,10,12-trien-3-yl}oxy)-4H-
1,2,3-triazol-4-yl]-2,3- dihydro-1H-
inden-1-one 

 

 
-10.46 
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10 

9-methoxy-4-methyl-11-oxa-4- 
azatetracyclo[8.6.1.01,12.06,17]heptad
eca- 6,8,10(17),15-tetraen-14-yl 3-
(5,6-dimethoxy-1-oxo-2,3-dihydro-
1H-inden-2-yl)-2-oxopropanoate 

 

 
-11.40 

 
Table no 02- 2D and 3D images of docked compound 

Sr. 
No. 

3D Images 2D Images 

1. 

 
 

2.   

3.  
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4.  
 
 
 
 
 

 

5  
 
 
 
 
 

 

6. 
 

  
 
 
 

 
 
7. 
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8.   
 
 
 
 
 

9. 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 

10.  
 
 
 
 

 
 
 
 
 
 

 

Conclusion 
The present molecular docking investigation unequivocally demonstrates that galantamine derivatives 
incorporating the indanone ring system possess robust inhibitory potential against acetylcholinesterase (AChE). All 
synthesized compounds exhibited substantial affinity for the enzyme’s catalytic pocket, accompanied by favorable 
binding energies. These findings strongly suggest that the structural modifications introduced into galantamine 
confer enhanced pharmacological activity, positioning these analogues as promising candidates for therapeutic 
development. Docking simulations further underscore the capacity of structural alterations to augment 
galantamine’s pharmacological effectiveness in the treatment of Alzheimer’s disease. By optimizing binding 
interactions within the active site of AChE, these derivatives may surpass the efficacy of the parent compound. 
Importantly, their ability to obstruct the peripheral anionic site could mitigate amyloid-β aggregation, a 
pathological hallmark of neurodegeneration. This dual mechanism of action highlights the therapeutic promise of 
rationally designed galantamine analogues. The study also reinforces the strategic utility of computational docking 
as a cost-effective and predictive methodology in drug discovery. By enabling rapid screening of candidate 
molecules, docking circumvents the limitations of labor-intensive in-vitro assays at early stages of research. 
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Moreover, it provides valuable insights into drug–receptor interactions, guiding structural optimization and 
prioritization of lead compounds. This computational paradigm thus serves as a cornerstone for modern medicinal 
chemistry and rational drug design. Although further in-vitro and in-vivo validation remains imperative, the 
synthesized galantamine derivatives represent compelling lead molecules for the development of next-generation 
anti-Alzheimer therapeutics. Their strong binding affinities and favorable docking profiles establish a robust 
foundation for translational research. Ultimately, this work contributes to the advancement of 
cholinesterase-targeted interventions, offering new avenues for the design of neuroprotective agents capable of 
addressing the unmet clinical needs in neurodegenerative disorders. 
 

Reference 
1. Y. J. Ju and K. Y. Tam, “Pathological Mechanisms and Therapeutic Strategies for Alzheimer’s Disease,” Neural 

Regeneration Research 17 (2022): 543–549. 
2. J. F. Zhang, Y. L. Zhang, J. X. Wang, Y. L. Xia, J. X. Zhang, and L. Chen, “Recent Advances in Alzheimer’s Disease: 

Mechanisms, Clinical Trials and New Drug Development Strategies,” Signal Transduction and Targeted Therapy 
9 (2024): 211. 

3. M. Rossi, M. Freschi, L. D. Nascente, et al., “Sustainable Drug Discovery of Multi-Target-Directed Ligands for 
Alzheimer’s Disease,” Journal of Medicinal Chemistry 64 (2021): 4972–4990. 

4. Alzheimer’s Disease International, accessed June, 2026, https://www. alzint.org/about/dementia-facts-
figures/dementia-statistics. 

5. Z. J. Li, B. Yin, S. Q. Zhang, Z. G. Lan, and L. Zhang, “Targeting Protein Kinases for the Treatment of Alzheimer’s 
Disease: Recent Progress and Future Perspectives,” European Journal of Medicinal Chemistry 261 (2023): 
115817. 

6. Q. Y. Zheng and X. Wang, “Alzheimer’s Disease: Insights Into Pathology, Molecular Mechanisms, and Therapy,” 
Protein & Cell 16 (2024): 83–120. 

7. Z. X. Li, Y. Y. Lu, Y. Q. Zhen, et al., “Avicularin Inhibits Ferroptosis and Improves Cognitive Impairments in 
Alzheimer’s Disease by Modulating the NOX4/Nrf2 Axis,” Phytomedicine 135 (2024): 156209. 

8. Y. Q. Fu, J. Zhang, R. Qin, et al., “Activating Autophagy to Eliminate Toxic Protein Aggregates With Small 
Molecules in Neurodegenerative Diseases,” Pharmacological Reviews 77 (2025): 100053. 

9. P. Tang, D. J. Zhao, H. X. Lin, et al., “Potential Modulation of Microglial Ferroptosis by Linggui Zhugan 
Decoction in Alzheimer’s Disease Through IL-17 and TNF Pathways,” International Immunopharmacology 165 
(2025): 115489. 

10. D. H. Dawood and M. M. Anwar, “Recent Advances in the Therapeutic Insights of Thiazole Scaffolds as 
Acetylcholinesterase Inhibitors,” European Journal of Medicinal Chemistry 287 (2025): 117331. 

11. Q. Li, H. Y. Yang, Y. Chen, and H. P. Sun, “Recent Progress in the Identification of Selective 
Butyrylcholinesterase Inhibitors for Alzheimer’s Disease,” European Journal of Medicinal Chemistry 132 
(2017): 294–309. 

12. T. Y. Sun, T. F. Zhen, C. H. Harakandi, et al., “New Insights Into Butyrylcholinesterase: Pharmaceutical 
Applications, Selective Inhibitors and Multitarget-Directed Ligands,” European Journal of Medicinal Chemistry 
275 (2024): 116569. 

13. Z. P. Sang, S. H. Huang, W. Y. Tan, et al., “Discovery of Novel Butyrylcholinesterase Inhibitors for Treating 
Alzheimer’s Disease,” Acta Pharmaceutica Sinica B 15 (2025): 2134–2155. 

14. J. L. Zhang, P. Jiang, S. P. Wang, et al., “Recent Advances in the Natural Product Analogues for the Treatment 
of Neurodegenerative Diseases,” Bioorganic Chemistry 153 (2024): 107819. 

15. K. Hostettmann, A. Borloz, A. Urbain, and A. Marston, “Natural Product Inhibitors of Acetylcholinesterase,” 
Current Organic Chemistry 10 (2006): 825–847. 

16. U. Khan, M. Ahmad, M. Tuba, et al., “Natural Alkaloids With Therapeutic Potential Against Alzheimer’s Disease 
Through Cholinesterase Inhibition,” European Journal of Medicinal Chemistry 302 (2026): 118371. 

17. M. Heinrich, “Galanthamine From Galanthus and Other Amaryllidaceae - Chemistry and Biology Based on 
Traditional Use,” The Alkaloids, Chemistry and Biology, ed. G. A. Cordell (Academic Press, 2010), Vol. 68, 157–
165. 

18. J. M. Contelles, M. D. Carreiras, C. Rodriguez, M. Villarroya, and 
19. G. Garcia, “Synthesis and Pharmacology of Galantamine,” Chemical Reviews 106 (2006): 116–133. 



 

530 
 

Adolescencia e Saude, vol. 21, No.7s, p. 520-532 

20. S. K. Tayebati, M. A. Di Tullio, D. Tomassoni, and F. Amenta, “Neuroprotective Effect of Treatment With 
Galantamine and Choline Alphoscerate on Brain Microanatomy in Spontaneously Hypertensive Rats,” Journal 
of the Neurological Sciences 283 (2009): 187–194. 

21. D. Tsvetkova, D. Obreshkova, D. Z. Dimitrova, and L. Saso, “Antioxidant Activity of Galantamine and Some of 
Its Derivatives,” Current Medicinal Chemistry 20 (2013): 4595–4608. 

22. M. Z. Li, C. Ma, Y. Li, et al., “Design, Synthesis and Biological Evaluation of Galantamine Analogues for Cognitive 
Improvement in Alzheimer’s Disease,” European Journal of Medicinal Chemistry 284 (2025): 117198. 

23. M. I. Lazarova, D. S. Tsekova, L. P. Tancheva, et al., “New Galantamine Derivatives With Inhibitory Effect on 
Acetylcholinesterase Activity,” Journal of Alzheimer’s Disease 83 (2021): 1211–1220. 

24. E. Simoni, S. Daniele, G. Bottegoni, et al., “Combining Galantamine and Memantine in Multitargeted, New 
Chemical Entities Potentially Useful in Alzheimer’s Disease,” Journal of Medicinal Chemistry 55 (2012): 9708–
9721. 

25. L. Fang, X. B. Fang, S. H. Gou, et al., “Design, Synthesis and Biological Evaluation of D-ring Opened Galantamine 
Analogs as Multifunctional Anti-Alzheimer Agents,” European Journal of Medicinal Chemistry 76 (2014): 376–
386. 

26. Y. Zhang, J. B. Xu, Y. Xiao, et al., “Palladium-Catalyzed Synthesis, Acetylcholinesterase Inhibition, and 
Neuroprotective Activities of N-Aryl Galantamine Analogues,” Journal of Natural Products 86 (2023): 939–946. 

27. S. B. Jonnalagadda, “A Review on Recent Advances in Nitrogen-Containing Molecules and Their Biological 
Applications,” Molecules 25 (2020): 1909. 

28. Q. Li, S. S. Xing, Y. Chen, et al., “Discovery and Biological Evaluation of a Novel Highly Potent Selective 
Butyrylcholinsterase Inhibitor,” Journal of Medicinal Chemistry 63 (2020): 10030–10044. 

29. Y. Bourne, P. Taylor, Z. Radic´, and P. Marchot, “Structural Insights Into Ligand Interactions at the 
Acetylcholinesterase Peripheral Anionic Site,” The EMBO Journal 22 (2003): 1–12. 

30. W. Y. Liang, F. Xie, Z. H. Yang, et al., “Mono/Dual Amination of Phenols With Amines in Water,” Organic Letters 
22 (2020): 8291–8295. 

31. Z. W. Chen, H. Y. Zeng, S. A. Girard, F. Wang, N. Chen, and C. J. Li, “Formal Direct Cross-Coupling of Phenols 
With Amines,” Angewandte Chemie International Edition 54 (2015): 14487–14491. 

32. F. Zhao, B. Tan, W. L. Zhou, et al., “Palladium-Catalyzed Chemoselective Synthesis of Arylamines From 
Cyclohexanones With Ammonium Salts,” Green Synthesis and Catalysis 7 (2026): 83–87. 

33. R. Dorel, C. P. Grugel, and A. M. Haydl, “The Buchwald-Hartwig Amination After 25 Years,” Angewandte 
Chemie International Edition 58 (2019): 17118–17129. 

34. G. Brufani, M. Ciani, M. Calamante, F. Mauriello, and L. Vaccaro, “A Greener Approach to Buchwald-Hartwig 
Coupling. a Sustainable Pd/C-Catalyzed Csp2-N Bond Formation Under Microwave Irradiation and Bio-Based 
Solvent,” Green Synthesis and Catalysis 7 (2026): 98–104. 

35. D. R. Moorad, C. Y. Luo, A. Saxena, B. P. Doctor, and G. E. Garcia, “Purification and Determination of the Amino 
Acid Sequence of Equine serum Butyrylcholinesterase,” Toxicology Methods 9 (1999): 219–227. 

36. L. Heller, M. Kahnt, A. Loesche, et al., “Amino Derivatives of Platanic Acid Act as Selective and Potent Inhibitors 
of Butyrylcholinesterase,” European Journal of Medicinal Chemistry 126 (2017): 652–668. 

37. T. J. Zhang, Z. J. Li, Z. Qin, et al., “Neuroprotection of Chikusetsu Saponin V on Transient Focal Cerebral 
Ischemia/Reperfusion and the Underlying Mechanism,” Phytomedicine 84 (2021): 153516. 

38. Martins, F.; Santos, S.; Ventura, C.; Elvas-Leitão, R.; Santos, L.; Vitorino, S.; Reis, M.; Miranda, V.; Correia, H.F.; 
Aires-de-Sousa, J. Design, synthesis and biological evaluation of novel isoniazid derivatives with potent 
antitubercular activity. Eur. J. Med. Chem. 2014, 81, 119–138. [CrossRef] 

39. Oliveira, P.F.; Guidetti, B.; Chamayou, A.; André-Barrès, C.; Madacki, J.; Korduláková, J.; Mori, G.; Orena, B.S.; 
Chiarelli, L.R.; 

40. Pasca, M.R. Mechanochemical synthesis and biological evaluation of novel isoniazid derivatives with potent 
antitubercular activity. Molecules 2017, 22, 1457.  

41. López, S.; Bastida, J.; Viladomat, F.; Codina, C. Acetylcholinesterase inhibitory activity of some Amaryllidaceae 
alkaloids and Narcissus extracts. Life Sci. 2002, 71, 2521–2529.  

42. Rankovic, Z. CNS drug design: Balancing physicochemical properties for optimal brain exposure. J. Med. Chem. 
2015, 58, 2584–2608.  



 

531 
 

Adolescencia e Saude, vol. 21, No.7s, p. 520-532 

43. Zhang, H.; Wang, Y.; Liu, D.; Li, J.; Feng, Y.; Lu, Y.; Yin, G.; Li, Z.; Shi, T.; Wang, Z. Carbamate-based N-
Substituted tryptamine derivatives as novel pleiotropic molecules for Alzheimer’s disease. Bioorg. Chem. 2022, 
125, 105844.  

44. Al-Mamary, M.; Al-Habori, M.; Al-Zubairi, A.S. The in vitro antioxidant activity of different types of palm dates 
(Phoenix dactylifera) syrups. Arab. J. Chem. 2014, 7, 964–971.  

45. Alam, M.K.; Rna, Z.H.; Islam, S.N.; Akhtaruzzaman, M. Total phenolic content and antioxidant activity of 
methanolic extract of selected wild leafy vegetables grown in Bangladesh: A cheapest source of antioxidants. 
Potravinarstvo 2019, 13, 287–293. 

46. Dai, S.; Yu, C.; Liang, M.; Cheng, H.; Li, W.; Lai, F.; Ma, L.; Liu, X. Oxidation characteristics and thermal stability 
of Butylated hydroxytoluene. Arab. J. Chem. 2023, 16, 104932.  

47. Hoffmann, L.F.; Martins, A.; Majolo, F.; Contini, V.; Laufer, S.; Goettert, M.I. Neural regeneration research 
model to be explored: SH-SY5Y human neuroblastoma cells. Neural Regen. Res. 2023, 18, 1265 

48. Lopez-Suarez, L.; Al Awabdh, S.; Coumoul, X.; Chauvet, C. The SH-SY5Y human neuroblastoma cell line, a 
relevant in vitro cell model for investigating neurotoxicology in human: Focus on organic pollutants. 
Neurotoxicology 2022, 92, 131–155. 

49. Valko, M.; Leibfritz, D.; Moncol, J.; Cronin, M.T.; Mazur, M.; Telser, J. Free radicals and antioxidants in normal 
physiological functions and human disease. Int. J. Biochem. Cell Biol. 2007, 39, 44–84.  

50. Wang, J.; Wang, Z.-M.; Li, X.-M.; Li, F.; Wu, J.-J.; Kong, L.-Y.; Wang, X.-B. Synthesis and evaluation of multi-
target-directed ligands for the treatment of Alzheimer’s disease based on the fusion of donepezil and 
melatonin. Bioorg. Med. Chem. 2016, 24, 4324–4338. 

51. Alov, P.; Stoimenov, H.; Lessigiarska, I.; Pencheva, T.; Tzvetkov, N.T.; Pajeva, I.; Tsakovska, I. In Silico 
Identification of Multi-Target Ligands as Promising Hit Compounds for Neurodegenerative Diseases Drug 
Development. Int. J. Mol. Sci. 2022, 23, 13650.  

52. Ballesteros, J.A.; Weinstein, H.Integrated methods for the construction of three-dimensional models and 
computational probing of structure-function relations in G protein-coupled receptors. In Methods in 
Neurosciences; Elsevier: Amsterdam, The Netherlands, 1995; Volume 25, pp. 366–428. 

53. Wang, Q.; Lu, Q.; Guo, Q.; Teng, M.; Gong, Q.; Li, X.; Du, Y.; Liu, Z.; Tao, Y. Structural basis of the ligand binding 
and signaling mechanism of melatonin receptors. Nat. Commun. 2022, 13, 454.  

54. Okamoto, H.H.; Miyauchi, H.; Inoue, A.; Raimondi, F.; Tsujimoto, H.; Kusakizako, T.; Shihoya, W.; Yamashita, K.; 
Suno, R.; Nomura, N. Cryo-EM structure of the human MT1–Gi signaling complex. Nat. Struct. Mol. Biol. 2021, 
28, 694–701.  

55. Clement, N.; Renault, N.; Guillaume, J.L.; Cecon, E.; Journé, A.S.; Laurent, X.; Tadagaki, K.; Cogé, F.; Gohier, A.; 
Delagrange, P. Importance of the second extracellular loop for melatonin MT1 receptor function and absence 
of melatonin binding in GPR50. Br. 

56. Stauch, B.; Johansson, L.C.; McCorvy, J.D.; Patel, N.; Han, G.W.; Huang, X.-P.; Gati, C.; Batyuk, A.; Slocum, S.T.; 
Ishchenko, A. Structural basis of ligand recognition at the human MT1 melatonin receptor. Nature 2019, 569, 
284–288. 

57. Herrera-Arozamena, C.; Estrada-Valencia, M.; Perez, C.; Lagartera, L.; Morales-Garcia, J.A.; Perez-Castillo, A.; 
Franco-Gonzalez, J.F.; Michalska, P.; Duarte, P.; Leon, R. Tuning melatonin receptor subtype selectivity in 
oxadiazolone-based analogues: Discovery of QR2 ligands and NRF2 activators with neurogenic properties. Eur. 
J. Med. Chem. 2020, 190, 112090.  

58. Boutin, J.A.; Witt-Enderby, P.A.; Sotriffer, C.; Zlotos, D.P. Melatonin receptor ligands: A pharmaco-chemical 
perspective. J. Pineal Res. 2020, 69, e12672.  

59. Pala, D.; Lodola, A.; Bedini, A.; Spadoni, G.; Rivara, S. Homology models of melatonin receptors: Challenges 
and recent advances. Int. J. Mol. Sci. 2013, 14, 8093–8121. 

60. Farce, A.; Chugunov, A.O.; Logé, C.; Sabaouni, A.; Yous, S.; Dilly, S.; Renault, N.; Vergoten, G.; Efremov, R.G.; 
Lesieur, D. Homology modeling of MT1 and MT2 receptors. Eur. J. Med. Chem. 2008, 43, 1926–1944.  

61. Arnao, M.B.; Cano, A.; Acosta, M. The hydrophilic and lipophilic contribution to total antioxidant activity. Food 
Chem. 2001, 73, 239–244.  

62. Benzie, I.F.; Strain, J.J. The ferric reducing ability of plasma (FRAP) as a measure of “antioxidant power”: The 
FRAP assay. Anal. Biochem. 1996, 239, 70–76.  



 

532 
 

Adolescencia e Saude, vol. 21, No.7s, p. 520-532 

63. Jaworek, A.K.; Szepietowski, J.C.; Hałubiec, P.; Wojas-Pelc, A.; Jaworek, J. Melatonin as an antioxidant and 
immunomodulator in atopic dermatitis—A new look on an old story: A Review. Antioxidants 2021, 10, 1179.  

64. Un, H.; Ugan, R.A.; Kose, D.; Yayla, M.; Tastan, T.B.; Bayir, Y.; Halici, Z. A new approach to sepsis treatment by 
rasagiline: A molecular, biochemical and histopathological study. Mol. Biol. Rep. 2022, 49, 3875–3883.  

65. Aktar, B.S.K.; Sıcak, Y.; Tatar, G.; Oruç-Emre, E.E. Synthesis, Antioxidant and Some Enzyme Inhibition Activities 
of New Sulfonyl Hydrazones and their Molecular Docking Simulations. Pharm. Chem. J. 2022, 56, 559–569.  

66. Doytchinova, I.; Atanasova, M.; Valkova, I.; Stavrakov, G.; Philipova, I.; Zhivkova, Z.; Zheleva-Dimitrova, D.; 
Konstantinov, S.; Dimitrov, I. Novel hits for acetylcholinesterase inhibition derived by docking-based screening 
on ZINC database. J. Enzym. Inhib. Med. Chem. 2018, 33, 768–776.  

67. Di, L.; Kerns, E.H.; Fan, K.; McConnell, O.J.; Carter, G.T. High throughput artificial membrane permeability assay 
for blood–brain barrier. Eur. J. Med. Chem. 2003, 38, 223–232.  

68. World Health Organization. Multiregional workshop on the implementation of the global action plan on public 
health response to dementia. East. Mediterr. Health J. 2023, 29, 302–303.  

69. Walsh, S.; Wallace, L.; Kuhn, I.; Mytton, O.; Lafortune, L.; Wills, W.; Mukadam, N.; Brayne, C. Are Population-
Level Approaches to Dementia Risk Reduction Under-Researched? A Rapid Review of the Dementia Prevention 
Literature. J. Prev. Alzheimer’s Dis. 2023, 1–8.  

70. Sheppard, O.; Coleman, M. Alzheimer’s Disease: Etiology, Neuropathology and Pathogenesis; Exon 
Publications: Brisbane, QLD, Australia, 2020; pp. 1–21. 

 


