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Abstract: Alzheimer’s disease is widely recognized as a common type of disease among older adults. 

Although the cause of the disease is unknown, a few hypotheses have been reported in the literature. 

Among them, cholinergic inhibition has received recent attention. In the present investigation, 

cholinergic inhibition by gepant derivatives is examined through computational techniques. The 

molecular geometries of the selected gepant derivatives are optimized using the density functional 

theory (B3LYP/6-31G*) method. These studies are performed to foresee the binding interactions of 

gepant derivatives with acetylcholinesterase (AChE) and butyrylcholinesterase (BuChE). The gepant 

derivatives such as Atogepant, Rimegepant, Ubrogepant, and MK-3207 are selected for the study. The 

structural stability, reactivity, and other molecular parameters are calculated for the selected ligands. 

The calculated energy gap values of Rimegepant and MK-3207 are 5.10 eV and 4.97 eV, respectively. 

Furthermore, a molecular electrostatic potential (MEP) study was employed to identify electron-rich 

and electron-poor reactive sites and to characterize the bonding properties of the gepant derivatives. 

The binding mechanisms of the selected ligands to AChE and BuChE are investigated using molecular 

docking and molecular dynamics methods. Finally, the gepant derivatives' reactive parameters, stability, 

and binding energies are compared with those of standard cholinesterase compounds. Our 

computational studies revealed that rimegepant and MK-3207 are active compounds with strong 

binding energies against AChE (-11.7 kcal/mol) and BuChE (-12.0 kcal/mol), respectively. Our studies 

indicate that these compounds are good inhibitors of AChE and BuChE. Hence, it is concluded that 

Rimegepant and MK-3207 are potential drug candidates for the design of a new drug against AD.  

Keywords: Alzheimer’s disease; acetylcholinesterase; gepant derivatives; density functional theory; 

molecular docking. 
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1. Introduction 

Alzheimer’s disease (AD), a neurodegenerative disorder, causes neuronal loss, 

impairment of memory, and loss of synapses [1–3]. It is one of the most prevalent types of 

dementia that affects elderly persons. The World Health Organization (WHO) recently 

published a fact sheet stating that AD affects more than 55 million individuals globally [4–6]. 
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Though the disease's cause is unknown, a few hypotheses and a few mechanisms were outlined 

in the literature. They are glycogen synthase kinase 3 (GSK3) hypothesis [7,8], calcium 

hypothesis [9,10], oxidative stress hypothesis [11,12], mitochondrial cascades and related 

hypotheses [13,14], apolipoprotein E [15], β‐secretase (BACE1) [16,17], monoamine oxidase 

(MAO) [18,19], cholinergic hypothesis, and metal ions level in different brain regions [20]. 

Herein, the cholinergic hypothesis has received recent attention from scientists. Earlier studies 

have shown that acetylcholinesterase (AChE) inhibitors may raise acetylcholine (ACh) levels 

in AD patients by inhibiting AChE [21,22]. 

The drugs that are currently available for the use of pharmacotherapy of AD are 

galantamine, memantine, rivastigmine, and donepezil [23,24]. All these medications are AChE 

inhibitors except memantine. Donepezil hydrochloride, as the second approved drug by the 

United States Food and Drug Administration (FDA) for the treatment of moderate AD, is a 

dual‐binding inhibitor of AChE [25–27]. The currently available drugs for AD cause side 

effects such as vomiting, nausea, loss of appetite, diarrhea, sleep problems, muscle pain, 

headaches, feeling tired, itching or a rash, dizziness, hallucinations, aggression, etc [28]. In 

order to avoid the side effects, it is necessary to find alternate and appropriate drugs to cure 

AD. Recently, drug repurposing has attracted the attention of scientists, leading to an enormous 

number of studies reported in the literature [29,30]. In general, drug repurposing often seeks to 

find additional targets for already prescribed medications. For instance, Itraconazole, a 

medicine originally intended to treat fungal infections, also shows anticancer properties against 

prostate and lung cancer [31,32]. Drug repurposing is regarded as a significant area of drug 

discovery because it helps to avoid problems with optimization that arise during drug 

discovery, development, and preclinical testing. Further, the pharmacological and toxicological 

data for already-approved medications enable quicker, less expensive repositioning [33,34].  

Biomarker derivatives, such as Amyloid-beta (Aβ) plaques, are protein aggregates 

found in the brains of Alzheimer's patients and are key to AD diagnostics. Aβ40 accounts for 

over 80% of Aβ in the normal human brain, while excess Aβ42 accumulates as amyloid plaques 

in pathological conditions. Aβ42 shows higher neurotoxicity and faster aggregation kinetics 

than Aβ40. The natural unfolded state of Aβ undergoes a slow transition into a partially folded 

state(β-sheet) [35]. Hyperphosphorylated tau protein derivatives lead to neurofibrillary tangles, 

another hallmark of AD [36]. Neurofilament light chain (NfL) is a marker of neurodegeneration 

used to monitor the rate of neuronal damage in AD. These two lesions are caused by the 

dysfunction and the accumulation of two proteins [37]. Anti-amyloid drugs aim to reduce Aβ 

buildup, which helps clear amyloid plaques. Anti-tau therapies aim to inhibit or modify the tau 

protein pathology. Other derivatives include genetic, stem cell, neuroimaging, and model 

derivatives. Among them, Cholinesterase inhibitors received special attention (e.g., donepezil, 

rivastigmine, and galantamine) because they are among the earliest cholinesterase inhibitor 

molecules [38]. 

Recently, Morton et al. revealed that migraines were a significant risk factor for AD 

[39]. The drugs that can be used to treat migraines are gepant derivatives such as Atogepant, 

Rimegepant, Ubrogepant, and MK-3207 [40–42]. To the best of our knowledge, no systematic 

study of cholinergic inhibition by gepant derivatives has been conducted. Hence, in the present 

study, we investigate the ability of migraine drugs to inhibit AChE and BuChE using 

computational techniques. In particular, using computational techniques, migraine medications 

are repurposed in this in vitro study to assess their potential anti-Alzheimer activity. We employ 

computational techniques, including quantum chemistry, molecular docking, and molecular 
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dynamics, to investigate cholinergic inhibition by gepant derivatives. In particular, the 

biological activity of these derivatives towards AChE and BuChE is evaluated. Among these 

two, AChE is responsible for the hydrolysis of ACh, and BuChE's role is not clearly known. In 

patients with neurodegenerative abnormalities, it is thought to have a compensatory role in the 

progression of ACh hydrolysis in the brain. The selected gepant derivatives are Atogepant, 

Rimegepant, Ubrogepant, and MK-3207. These derivatives are used in the study, inspired by 

the structures of rivastigmine and donepezil. Further, our computational studies are extended 

to currently available drug molecules for AD for comparison purposes. Quantum-chemical 

calculations are performed to study the structures and molecular properties of the above 

ligands. The optimized ligands are docked with AChE and BuChE, and their docking properties 

are studied. The docking study is performed to understand the allosteric binding modes of the 

above-mentioned ligands with the enzyme. The allosteric nature of AChE and BuChE 

inhibition by these compounds provides an opportunity to design subtype-selective enzyme 

inhibitors. Molecular dynamics simulations are performed to understand the binding 

mechanism and stability of the selected gepant derivatives towards AChE and BuChE under 

experimental conditions or in a real-time environment. Finally, we hope our combined study 

of quantum chemistry, docking, and dynamics will be helpful in designing novel anti-

Alzheimer agents. 

2. Materials and Methods 

The experimental geometries of gepant derivatives such as Atogepant (Pubchem ID: 

72163100), Rimegepant (Pubchem ID: 51049968), Ubrogepant (Pubchem ID: 68748835), and 

MK-3207 (Pubchem ID: 25019940) are taken from Pubchem. Similarly, the molecular 

geometries of AD drugs such as Rivastigmine (Pubchem ID: 77991), Galantamine (Pubchem 

ID: 9651), and Donepezil (Pubchem ID: 3152) are also taken from PubChem. These molecular 

geometries are optimized using the density functional theory (DFT) method. In particular, all 

molecular geometries are optimized using the B3LYP functional with the 6-31G* basis set 

[43,44]. Reactivity properties, such as ionization energy, electron affinity, energy gap, 

chemical hardness, and chemical potential, are calculated from the highest occupied molecular 

orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) energies. A molecular 

electrostatic potential (MEP) map is also generated. HOMO, LUMOs, and MEP maps are 

generated using the GaussView 5 program [45]. All the DFT calculations are performed using 

the Gaussian09W program [46].  

The docking study is performed for all the selected gepant and AD drug molecules 

against AChE and BuChE. Recently reported crystal structures of AChE (PDB ID. 7E3D) and 

BuChE (PDB ID. 1P0I) are taken from the protein data bank (Figure 1a). In addition, AChE 

and BChE have been proposed as a link to the well-recognized association with Alzheimer’s 

disease. Both proteins are derived from the human organism (homo sapiens). We chose 7E3D 

and 1P0I because they have the highest-resolution structures of Human AChE and BuChE 

without substrate. Standard cleaning procedures were followed before the docking. That is, 

ligands and water molecules are removed, and polar hydrogens are in AChE and BuChE. The 

docking complexes are studied based on their binding energy values. All molecular docking 

study is performed using the PyRx 0.8 program [47]. The best poses of the interaction between 

ligand-protein complexes are visualized using Discovery Studio Visualizer v19.1.0.18287 [48]. 
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(a) 

 
(b) 

Figure 1. (a) Crystal structure of acetylcholinesterase and butyrylcholinesterase; (b) Ramachandran plot for 

AChE (7E3D) and BuChE (1P0I).  

Every residue also has two freely rotating bonds. These two angles, ψ (psi) and φ (phi), 

are known as the Ramachandran angles, and they specify the shape of that residue in a protein. 

Analysing Ramachandran plots of the backbone angles for the AChE and BuChE structural 

models revealed that both lie within the regions of psi–phi space frequently observed in Figure 

1b. From Figure 1b, it can be seen that most amino acid residues are within allowed regions, 

confirming that the AChE and BuChE protein structures are of good conformational quality. 

To understand the inhibition mechanism in a real-time or experimental environment, Molecular 

Dynamics (MD) simulations are performed. In general, MD studies are performed to 

understand the conformational stability of proteins or biomolecules. In particular, the stability 

of protein-ligand complexes is investigated using MD. The trajectory files are generated for 

the given protein-ligand system using MD. The dynamic study of all selected protein-ligand 

complexes is performed using the COSMO-Surface gene in the mypresto portal ver. 1.1.86 

with AMBER ff99SB force field [49]. As a preliminary step, the selected protein-ligand 

complex was immersed in a cubic box, and the TIP3P water model was used to solvate the 

system. A temperature of 300 K was maintained for all simulations. The MD simulation is 

performed for 2 ns due to computational limitations. Initial geometries of selected ligands and 

proteins for the MD study are taken from PubChem and PDB, respectively. 

3. Results and Discussion 

3.1. Structure. 

Quantum chemical calculations are performed to obtain more detailed molecular-level 

information on the selected gepant derivatives. All the gepant derivatives, along with the AD 
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drug molecules, are optimized using the B3LYP functional with the 6-31G* basis set (Figures 

2a and 2b). Computational tools such as DFT, molecular docking, and molecular dynamics are 

efficient and cost-effective for understanding biological molecules and drugs. Atogepants, 

which block CGRP, a protein associated with migraine pathophysiology, can help prevent the 

inflammation and pain that trigger migraines. Structurally, Atogepant consists of pyridine, 

piperidine, benzyl, amino, and carboxylic groups. Three fluorine atoms are also bonded to a 

benzene ring. These functional groups/rings are favorable sites for the noncovalent interactions 

with the specific region in the enzyme. Noncovalent interactions, such as hydrogen bonding, 

van der Waals interactions, and π–π interactions, can occur when these ligands bind to the 

enzyme. Rimegepant is another medication used for the treatment of migraines, but it has a 

dual role: it can be used for both acute treatment and preventive treatment of migraines. Like 

atogepant, it belongs to the class of CGRP receptors. Similarly, Rimegepant consists of benzyl, 

piperidine, and indanone regions along with amino and carboxylic groups. Further, it also 

consists of two F atoms bonded to a benzene ring. 

Unlike atogepant and rimegepant, ubrogepant is not used for the prevention of 

migraines but is specifically intended to stop ongoing migraine pains. Ubrogepants consist of 

benzyl, piperidine, and indanone regions, along with amino and carboxylic groups. It also 

consists of three F atoms bonded to a benzene ring. MK-3207 was shown to be effective at 

relieving migraine pain. Similar to other CGRP receptors, it had a rapid onset and sustained 

migraine relief. MK-3207 consists of benzyl, piperidine, and indanone regions along with 

amino and carboxylic groups. It consists of two F atoms bonded to a benzene ring. All the 

studied gepant derivatives consist of electronegative elements such as O, N, F, or Br, as well 

as benzene rings. This indicates that these ligands are favorable for intermolecular noncovalent 

interactions such as hydrogen bonds and π–π interactions. These derivatives readily form 

noncovalent bond interactions with AChE and BuChE. In addition, the presence of 

electronegative elements in the ligand will increase the lipophilicity, which increases the 

metabolic activity and membrane permeation of the ligand molecule [50]. Similarly, indanone, 

benzyl, piperidine, amino, and carboxylic functional groups are present in AD drug molecules. 

These groups are favorable for the formation of noncovalent interactions between AD drug 

molecules and enzymes. 

 
(a) 
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Figure 2. (a) The optimized structure of the selected gepant derivatives using B3LYP/6-31G* level of 

theory; (b) The optimized structure of the AD drugs using B3LYP/6-31G* level of theory. 

The three primary functional groups in donepezil are the dimethoxyindanone moiety, 

the piperidine group, and the benzyl group. Rivastigmine is made up of a carboxy group of 

ethyl (methyl) and carbamic acid with the phenolic OH group. The chemical structures of 

galantamine consist of four rings: an aromatic ring, a heterocyclic ring, a cyclohexenol ring, 

and an azepine ring. Donepezil is a medication used to treat AD and other forms of dementia. 

It works by inhibiting the enzyme AChE, which breaks down ACh, a neurotransmitter 

important for memory and learning. Rivastigmine is a medication used to treat mild to moderate 

AD and dementia. Like donepezil, it is a cholinesterase inhibitor. Galantamine is a medication 

used for the treatment of mild to moderate AD. It is a cholinesterase inhibitor like donepezil 

and rivastigmine, and it also has additional action as an allosteric modulator of nicotinic ACh 

receptors. 

3.2. Reactivity parameters. 

The highest occupied molecular orbital (HOMO) shows the electron donor nature, and 

the lowest unoccupied molecular orbital (LUMO) shows the electron receptor nature of the 

molecule. The energy gap between HOMO and LUMO represents the chemical stability, 

hardness, and softness of the molecule [51,52]. The frontier molecular orbital (FMO) analysis 

indicates the bioactivity of the selected ligand molecules. The FMOs of the studied ligand 

molecule are shown in Figures 3a and b. In Figures 3a and b, red and green indicate the positive 

and negative phases, respectively. The reactivity parameters of the studied ligands are listed in 

Table 1. In the case of HOMO of Atogepant, the electrons are fully localized on the pyridine 

ring and partially localized on the pyrrole ring. In LUMO, the electrons are fully localized in 

the pyridine ring and the amino and carboxylic group (peptide bond); all other functional 

groups are free from localization. This clearly shows that intramolecular charge transfer occurs 

within the Atogepant molecule. The obtained energy gap value confirms the bioactive nature 

of the Atogepant. In the case of Rimegepant, both HOMO and LUMO electrons are localized 

in the pyridine and imidazole rings. In the case of Ubrogepant, HOMO electrons are localized 

at one end of the pyridine ring, and LUMO electrons are localized in the central pyridine ring. 

Similarly, in the case of MK-3207, HOMO electrons are localized in the peptide bond and 
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carboxylic group, whereas LUMO electrons are localized in the pyridine and imidazole ring. 

This indicates that electron localization will occur in either the pyridine or the imidazole group 

in most of the cases considered in this study. This shows that these functional groups are 

reactive and more favorable for forming noncovalent interactions with AChE and BuChE. In 

the case of AD drug molecules, it is commonly observed that the HOMO of electrons is 

localized in the amino group and the nearby methyl group in rivastigmine. In the case of 

LUMO, electrons are localized at the benzene ring and nearby functional groups. Similarly, 

HOMO and LUMO electrons are uniformly distributed. However, the electrons are localized 

in benzene, furan rings, and amino groups. In the case of HOMO of Donepezil, the electrons 

are localized at the benzene and the amino group. LUMO of Donepezil, the electrons are 

localized at other benzene rings and oxygen groups. This indicates that these functional groups 

are highly reactive and can readily interact with AChE and BuChE. 

 
(a) 

 
(b) 

Figure 3. (a) HOMO to LUMO energy level diagrams of the gepant derivatives using B3LYP/6-31G* level 

of theory; (b) HOMO to LUMO energy level diagrams of the AD drugs using B3LYP/6-31G* level of 

theory. 
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The calculated reactivity parameters, including ionization energy, electron affinity, 

energy gap, chemical hardness, chemical potential, and dipole moment, are presented in Table 

1. From Table 1, it can be seen that the calculated reactivity parameters of all the studied gepant 

derivatives are well aligned with those of the AD drug molecules considered in this study. A 

large energy gap corresponds to high stability and low chemical reactivity, whereas a tiny 

energy gap denotes low stability and high chemical reactivity. The calculated energy gap value 

is greater than 4 eV for all the studied gepant derivatives. This indicates that these compounds 

are highly stable. According to the maximum hardness principle, a molecule with a higher 

chemical hardness is more stable [53]. Chemicals with a smaller energy gap are considered 

softer due to their increased polarizability and molecular reactivity. Chemicals with a larger 

energy difference are typically more stable and have a higher molecular hardness. In our study, 

the same order of stability is observed in the energy gaps and chemical hardness values of 

gepant derivatives and AD drug molecules. That is, energy gap values show that the order of 

stability of gepant derivatives is Atogepant > Ubrogepant > Rimegepant > MK-3207. A similar 

trend is observed from chemical hardness values also. In AD drug molecules, the order of 

stability is Rivastigmine > Galantamine > Donepezil. This same order is also noted from 

chemical hardness values. In particular, the energy gap value varies from 4.47 eV (Donepezil) 

to 5.73 eV (Rivastigmine). The chemical hardness values range from 2.24 eV (Donepezil) to 

2.87 eV (Rivastigmine) for all the studied compounds. All the gepant derivatives' energy gaps 

and chemical hardness values lie between those of Donepezil and Rivastigmine. The energy 

gap value varies from 4.97 eV (MK-3207) to 5.14 eV (Atogepant), and the chemical hardness 

value varies from 2.48 eV (MK-3207) to 2.52 eV (Ubrogepant). Among the studied gepant and 

AD drug molecules, MK-3207 and Donepezil are more reactive because they have smaller 

energy gaps and chemical hardness values. This is supported by the ionization energies and 

electron affinities of these compounds. It must be noted that the organic molecules have higher 

ionization energy. A similar trend is observed in the present study, also. The ionization energy 

value varies from 5.41 (Galantamine) to 6.36 eV (Ubrogepant). The calculated ionization 

energy is greater than 5 eV. Similarly, lower electron affinities were observed for the studied 

gepant derivatives and AD drug molecules. This indicates these molecules are highly stable. 

Long-range electrostatic forces significantly impact the properties of biomolecules. 

These forces arise due to the presence of permanent electric dipole moments in the system. In 

the present study, we have calculated the dipole moment of the gepant derivatives and AD drug 

molecules to understand their solubility in the liquid phase. It must be noted that molecules 

with higher dipole moments are highly stable in the liquid state. From Table 1, it can be seen 

that the dipole moment value is large (9.20 Debye) for Ubrogepant and low (1.80 Debye) for 

rivastigmine. In summary, gepant derivatives considered in this study have a higher dipole 

moment. This indicates that these compounds are highly polar. The order of solubility is 

Ubrogepant > Atogepant > Rimegepant > Donepezil > Galantamine > MK-3207 > 

Rivastigmine.  

Table 1. Calculated Ionization energy (I, eV), electron affinity (A, eV), energy gap (Eg, eV), chemical hardness 

(η, eV), chemical potential (µ, eV), and dipole moment (µB, eV). 

Parameters Atogepant Rimegepant Ubrogepant MK-3207 Rivastigmine Galantamine Donepezil 

I 6.35 5.84 6.36 5.75 5.63 5.41 5.80 

A 1.21 0.74 1.24 0.78 -0.10 0.28 1.33 

Eg 5.14 5.10 5.12 4.97 5.73 5.13 4.47 

η 2.57 2.55 2.56 2.48 2.87 2.56 2.24 

µ 3.78 3.29 3.80 3.26 2.76 2.84 3.56 

µB 9.02 4.05 9.20 2.30 1.80 2.84 3.70 
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3.3. Molecular electrostatic potential. 

The molecular electrostatic potential (MEP) analysis is used to estimate the chemical 

reactivity of molecules. Hydrogen-bonding (H-bond) sites, nucleophilic sites, and electrophilic 

sites were identified using this electron density-based analysis. The MEP map can be used to 

study the relationship between molecular structure and physicochemical properties [54–56]. 

That is, to understand the electrostatic effects arising from the charge distribution in the system, 

MEP can be used [57]. The MEP surfaces of the studied systems are shown in Figures 4a and 

4b. The electrophiles and nucleophiles are shown in green and blue. The light blue color 

indicates the zero potential. From Figure 4, it can be seen that all oxygen atom sites correspond 

to the most negative potential region (dark red), whereas fluorine and nitrogen are colored blue 

or green. This indicates these sites are less negative regions. In general, these sites are more 

negative because they are electronegative. Large charge delocalization makes these sites less 

negative. Similarly, hydrogen atom sites are represented in light or dark blue, i.e., regions of 

positive potential. In the studied systems, green color predominates in most cases, indicating 

that these sites are electrophilic. Further, there are three electrophilic active centers in all gepant 

derivatives, two in rivastigmine, and three in Galantamine and Donepezil (Figure 4). These 

sites are more favorable for hydrogen-bonded interactions than the other sites. 

 
(a) 

 
(b) 

Figure 4. (a) Total density of MEP surface of the gepant derivatives using B3LYP/6-31G* level of theory.; 

(b) Total density of MEP surface of the AD drugs using B3LYP/6-31G* level of theory. 
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3.4. Molecular docking.  

One of the most important computational tools for understanding protein-ligand 

interactions is in silico molecular docking. In general, molecular docking is used to study the 

ligand's allosteric binding mode and its biological effect on the enzyme. The molecular docking 

study is performed to determine the optimal binding modes in AChE and BuChE, as well as to 

identify the lead compound among the gepant derivatives considered in this study. 

Additionally, the important residues interacting with the targeted proteins' active sites were 

highlighted by this docked pose. The 2D images of various interactions of the three best 

possible allosteric binding modes (poses) of all the selected ligands with AChE (7E3D) and 

BuChE (1P0I) are given in Figures S1 and S2, respectively, in the supporting information file. 

Their binding energies are given in Table 2. The best docking poses and their 2D interactions 

for 7E3D with rimegepant and donepezil are shown in Figure 5. Similarly, the 2D interactions 

of 1P0I with MK-3207 and donepezil are shown in Figure 6. From Figure 5, it can be seen that 

both rimegepant and donepezil docks are at the same binding site in 7E3D. However, in the 

case of 1P0I, both MK-3207 and donepezil bind at different binding sites (Figure 6). Among 

the selected gepant derivatives, rimegepant has a higher binding energy (-11.7 kcal/mol) with 

7E3D. However, in the case of 1P0I, gepant derivatives such as atogepant, rimegepant, and 

MK-3207 have similar binding energy values (Table 2). As mentioned earlier, rimegepant 

consists of benzyl, piperidine, and indanone regions along with carbamate groups. In addition, 

it also consists of two F atoms bonded to a benzene ring. There are three noncovalent 

interactions present in the 7E3D-rimegepant compound, and they are Pi-alkyl interaction 

(hydrophobic) with TYR18, hydrogen bond interaction (hydrophilic) with ASN19, and halogen 

(F) interaction (hydrophobic) with ASP20. Due to these interactions, rimegepant has a strong 

binding with 7E3D. That is, rimegepant has a strong interaction with the amino acid residues 

TYR18, ASN19, and ASP20 of 7E3D. Further, the functional groups present in MK-3207 are 

similar to rimegepant except for the carbamate group, which is present in rimegepant and 

absent in MK-3207. It also consists of two F atoms bonded to a benzene ring. There are four 

noncovalent interactions present in the 1P0I-MK-3207 compound. They are conventional 

hydrogen bonds, halogen, alkyl, Pi-Pi stacked, and Pi-alkyl interactions. All interactions are 

hydrophobic, except for conventional hydrogen bonds. The MK-3207 shows strong 

interactions with the amino acid residues SER72, ALA328, TYR382, and HIS438 in 1P0I. In 

particular, TYR382 of 1P0I forms multiple interactions (Pi-Pi stacked, alkyl) with the benzene 

ring in MK-3207. Similarly, SER72 forms a conventional hydrogen bond with a benzene ring 

in MK-3207. That is, cooperative binding is noted in this case. Our earlier study has mentioned 

that cooperativity plays an important role in determining the stability of the biomolecular 

system [58]. The BIOVIA Discovery Studio tool is used in this investigation to examine 

interaction residues and binding processes. 

Table 2. Best poses binding energies (kcal/mol) of Atogepant, Rimegepant, Ubrogepant, MK-3207, 

Rivastigmine, Galantamine, and Donepezil against 7E3D and 1P0I. 

Compounds 
7E3D 1P0I 

Pose – 1 Pose – 2 Pose – 3 Pose – 1 Pose – 2 Pose – 3 

Atogepant -9.8 -9.6 -9.3 -11.9 -11.3 -11.2 

Rimegepant -11.7 -11.2 -11.2 -12.0 -11.6 -11.6 

Ubrogepant -9.6 -9.0 -9.0 -11.2 -10.6 -10.4 

MK-3207 -10.6 -10.1 -10.0 -12.1 -11.9 -11.7 

Rivastigmine -6.9 -6.7 -6.7 -7.4 -7.1 -7.0 

Galantamine -7.0 -6.7 -6.4 -8.6 -8.5 -8.4 

Donepezil -9.2 -8.8 -8.8 -9.7 -9.2 -9.2 
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Figure 5. Best docking pose and its 3D (left) and 2D (right) interactions of 7E3D with Rimegepant and 

Donepezil. 

 
Figure 6. Best docking pose and its 3D (left) and 2D (right) interactions of 1P0I with MK-3207 and Donepezil. 
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In the case of AD drug molecules, donepezil shows strong interaction with 7E3D and 

1P0I. The binding energy of the best pose of donepezil with 7E3D is -9.2 kcal/mol, with 1P0I 

is -9.7 kcal/mol. Our result coincides well with the earlier study by Ghosh et al. They have 

studied cholinergic inhibition of Alzheimer's disease using donepezil in metadynamics 

simulations [59,60]. Compared with 7E3D and 1P0I, donepezil shows a stronger interaction 

with the latter. The reason is that Pi-Pi stacked, Pi-sigma, and Carbon-hydrogen bond 

interactions occur between 1P0I and donepezil. All the interactions are hydrophobic in nature. 

While comparing gepant and AD drug molecules' interactions with 7E3D or 1P0I, gepant 

derivatives, in particular, rimegepant and MK-3207, show strong interaction with 7E3D and 

1P0I, respectively. This is due to cooperative binding noted between gepant derivatives with 

7E3D and 1P0I. Further, earlier molecular docking studies indicate that the presence of a 

number of hydrogen bonds influences the binding affinity of the ligand-receptor interaction 

[61,62]. 

Numerous compounds possessing carbamate functional groups have been thoroughly 

examined for their anticholinesterase properties [63,64]. Among them, rivastigmine is the only 

compound that is used clinically in the management of AD. Among the studied gepant ligands, 

the carbamate group is available in rimegepant. In summary, both rimegepant and MK-3207 

bind strongly to the active sites in 7E3D and 1P0I, respectively. However, three gepant 

derivatives show similar results in case 1P0I. Hence, a more detailed study is required to get a 

clear conclusion in this case.  

3.5. Molecular dynamics. 

To understand the inhibition mechanism in a real-time environment, a molecular 

dynamics simulation was performed in this study. Molecular dynamics simulation is a more 

powerful computational method, more effective than docking, and requires less processing. It 

delivers high precision, capable of providing insights into complex system behavior that 

experimental methods may not. Molecular dynamics simulations are performed for all gepant 

derivatives with AChE (7E3D) and BuChE (1P0I). Earlier, Leung et al. studied the binding 

interactions between ubrogepant and rimegepant with calcitonin-gene-related peptide receptor 

(CGRPR) using MD simulations.  

 
Figure 7. The energy plot of 7E3D with Rimegepant and 1P0I with MK-3207 during the simulation. 
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They found that ubrogepant binds more strongly with CGRPR than rimegepant due to 

electrostatic and hydrophobic interactions [65]. The energy plots for 7E3D with rimegepant 

and 1P0I with MK-3207 are shown in Figure 7. All other energy plots are given in Figure S3 

in the supporting information file. The molecular dynamics simulations are performed to 

understand the stability of selected ligands and receptors [66,67]. In particular, one can 

examine the stability and structural changes in ligand-receptor complexes using an energy plot. 

Further, less fluctuation shows the higher stability of the ligand-receptor complex. Our 

molecular dynamics study reveals less fluctuation in the studied ligand-receptor complex 

during simulation (Figure 7). That is, the total energy varies between -2800 kcal/mol and -2200 

kcal/mol. This indicates that the studied ligand-receptor complex has reached a stable state, 

implying that the selected ligand interacts well with the 7E3D and 1P0I. The stable state of the 

ligand-receptor is reached within 0.1 ns. 

4. Conclusions 

In this study, the migraine drugs, i.e., gepant derivatives, are investigated for their 

potential anti-Alzheimer activity. The binding mechanisms of the selected gepant derivatives 

are evaluated against AChE and BuChE using computational techniques, including quantum 

chemistry, molecular docking, and dynamics studies. The global reactivity descriptors of the 

molecule have been used to identify reactive sites. The reactive sites, such as electrophilic and 

nucleophilic centers, of the selected gepant derivatives are identified using quantum-chemical 

calculations. Our docking study revealed that among the selected gepant derivatives, 

rimegepant and MK-3207 are active compounds with strong binding energies against AChE 

and BuChE, respectively. These compounds are good inhibitors of AChE and BuChE, 

respectively. Therefore, based on our in silico studies, rimegepant and MK-3207 are proposed 

as good candidate molecules for the design of a new drug against AD. Molecular dynamics 

simulations indicate that it has a stable conformation and aligns with the target protein, 

suggesting its potential as an anti-Alzheimer's drug. This study reveals that rimegepant and 

MK-3207, an aromatic molecule with high structural stability and binding energy, could be 

potential treatments for Alzheimer's disease due to their strong anti-Alzheimer effects. The 

findings of the current study support the potential of these compounds as effective lead 

therapeutics for AD, which may aid medical and pharmaceutical chemists in developing and 

synthesizing more potent medication candidates. It is hoped that the current study's findings 

will offer important insights for the development of anti-Alzheimer drugs. In summary, the 

article's goals are to introduce new therapy options that could completely transform patient care 

and to advance our understanding of AD pathophysiology. 
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The following abbreviations are used in this manuscript: 

Abbreviation Definition 

AD Alzheimer’s Disease 

WHO World Health Organization 

GSK3 Glycogen Synthase Kinase 3 

BACE1 β‐Secretase 

MAO Monoamine Oxidase 

AChE Acetylcholinesterase 

BuChE Butyrylcholinesterase 

ACh Acetylcholine 

FDA Food and Drug Administration 

DFT Density Functional Theory 

FMO Frontier Molecular Orbital 

HOMO Highest Occupied Molecular Orbital 

LUMO Lowest Unoccupied Molecular Orbital 

MEP Molecular Electrostatic Potential 

MD Molecular Dynamics 

CGRPR Calcitonin-Gene Related Peptide Receptor 

NFL Neurofilament Light Chain 

PDB Protein Data Bank 
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Supplimentary materials 

 

Figure S1. (a) The 2D interactions of the three best possible allosteric binding modes (poses) of the Atogepant 

ligand with AChE (7E3D). 

 

Figure S1. (b) The 2D interactions of the three best possible allosteric binding modes (poses) of the Rimegepant 

ligand with AChE (7E3D). 

 

Figure S1. (c) The 2D interactions of the three best possible allosteric binding modes (poses) of the Ubrogepant 

ligand with AChE (7E3D). 
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Figure S1. (d) The 2D interactions of the three best possible allosteric binding modes (poses) of the MK-3207 

ligand with AChE (7E3D). 

 

Figure S1. (e) The 2D interactions of the three best possible allosteric binding modes (poses) of the 

Rivastigmine (77991) ligand with AChE (7E3D). 

 

Figure S1. (f) The 2D interactions of the three best possible allosteric binding modes (poses) of the 

Galantamine (9651)ligand with AChE (7E3D). 
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Figure S1. (g) The 2D interactions of the three best possible allosteric binding modes (poses) of the Donepezil 

(3152) ligand with AChE (7E3D). 

 

Figure S2. (a) The 2D interactions of the three best possible allosteric binding modes (poses) of the Atogepant 

ligand with BuChE (1P0I). 

 

 Figure S2. (b) The 2D interactions of the three best possible allosteric binding modes (poses) of the 

Rimegepant ligand with BuChE (1P0I). 
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Figure S2. (c) The 2D interactions of the three best possible allosteric binding modes (poses) of the Ubrogepant 

ligand with BuChE (1P0I). 

 

Figure S2. (d) The 2D interactions of the three best possible allosteric binding modes (poses) of the MK-3207 

ligand with BuChE (1P0I). 

 

Figure S2. (e) The 2D interactions of the three best possible allosteric binding modes (poses) of the 

Rivastigmine (77991) ligand with BuChE (1P0I). 
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Figure S2. (f) The 2D interactions of the three best possible allosteric binding modes (poses) of the 

Galantamine (9651) ligand with BuChE (1P0I). 

 

Figure S2. (g) The 2D interactions of the three best possible allosteric binding modes (poses) of the Donepezil 

(3152) ligand with BuChE (1P0I). 

 

Figure S3. (A) The energy plot compounds of 7E3D with (a) Atogepant (b) Ubrogepant (c) MK-3207 (d) 

Rivastigmine (77991) (e) Galantamine (9651) (f) Donepezil (3152) during the simulation. 
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Figure S3. (B) The energy plot compounds of 1P0I with (a) Atogepant (b) Rimegepant (c) Ubrogepant (d) 

Rivastigmine (77991) (e) Galantamine (9651) (f) Donepezil (3152) during the simulation. 
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