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Method 



1. Molecular Modeling studies  

1.1. Geometric parameters of -, -, -cyclodextrins and anabasine 

Ana:CD was performed by the MM+ molecular mechanics method using the HyperChem 8.0 

program. The chemical structures were taken from the PubChem Substance and Compound 

database (pubchem.ncbi.nlm.nih.gov). Chemical structure unique identifiers are: CID 444041 for 

β-cyclodextrin, and CID 205586 for anabasine. The geometry of the complexes was optimized by 

the MM+ method. All calculations were carried out without taking into account the effect of the 

solvent (gas phase, vacuum). 

1.2.Preparation of the α, β, and γ CD structure   

The 3D crystal structures of the α, β, and γ CD were extracted from the cyclo/maltodextrin/ 

alpha-cyclodextrin complex, beta-cyclodextrin complex, and gamma cyclodextrin complex, 

respectively.  These complexes were retrieved from RCSB Protein Data Bank with PDB IDs of 

2ZYM (resolution 1.80 Å), 1BFN (resolution 2.07 Å), and 1p2g (resolution 2.30 Å), respectively.  

The docking analyses were performed using Discovery Studio 4.0 software to evaluate the free 

energies and binding mode of Roseofungin molecule with the core site of α, β, and γ CD. The most 

promising pose were selected depending the increased binding free energy (ΔG).   

The 3D crystal structures of α, β, and γ CD were prepared by selecting α, β, and γ CD 

subunits and removing protein and all water molecules, heteroatoms and co-factors. Moreover, the 

correction of uncorrected valence atoms and crystallographic disorders were performed using 

alternate conformations and valence monitor options. Then, the α, β, and γ CD were protonated   

and its inflexibility was obtained by creating fixed atom constraint. Next, the energy was  energy 

minimized by applying CHARMM (Chemistry at HARvard Macromolecular Mechanics) force 

fields, and MMFF94 (Merck Molecular force field) force field for charge and partial charge, 

respectively[4]. The binding sites of the α, β, and γ CD were defined as receptor molecules and 

prepared for docking.  

1.3.Preparation of ligand  

The 2D structure of anabazine alkaloid molecule was sketched using ChemBioDraw Ultra 14.0 

and saved in MDL-SD file format. Then, the SD file was opened (by Discovery studio 4.0 

software) and protonated. Force fields were applied on the molecule to get lowest energy minimum 

structure via CHARMM and MMFF94 force fields for charge and partial charge, respectively. 

Then, each of them was prepared for docking by applying ligand preparation protocol.    



1.4. Docking simulation 

The docking is a technique that can reliably predict the preferred configuration of one molecule 

relative to another molecule when they are bound to each other to forma stable complex. The 

evaluation of generated poses was mainly based on the number of interactions they formed with 

the residues of active site upon binding. 

The molecular docking of anabazine alkaloid was performed using CDOCKER protocol which 

is an implementation of the CDOCKER algorithm. CDOCKER is a grid-based molecular docking 

method that employs CHARMM-based molecular dynamics (MD) scheme to dock ligands into a 

receptor binding site  . The default values were selected for the CDOCKER protocol. The 

CDOCKER energy (receptor-ligand interaction energy) of best docked poses was calculated.  

 

1.5.Molecular dynamics simulations 

Molecular dynamics simulation of the protein-ligand complexes was performed using GROMACS 

2021.1 version and Linux 5.4 package. The GROMOS96 54a7 forcefield was selected as the force 

field for proteins and the ligand topologies were generated from the PRODRG2 server. All the 

complexes were solvated using simple point charge (SPC) water molecules in a rectangular box. 

To make the simulation system electrically neutral, required number of Na+ and Cl− ions were 

added while 0.15 mol/L salt concentrations were set in all the systems. Using the steepest descent 

method, all the solvated systems were subjected to energy minimization for 5000 steps. 

Afterwards, NVT (constant number of particles, volume, and temperature) series, NPT (constant 

number of particles, pressure, and temperature) series, and the production run were conducted in 

the MD simulation. The NVT and the NPT series were conducted at a 300 K temperature and 1 

atm pressure for the duration of 300 ps. V‐rescale thermostat and Parrinello‐Rahman barostat were 

selected of the performed simulation. Finally, the production run was performed at 300 K for a 

duration of 100 ns (nanoseconds). Thereafter, a comparative analysis was performed measuring 

root mean square deviation (RMSD), root mean square fluctuation (RMSF), radius of gyration 

(Rg), solvent accessible surface area (SASA) and hydrogen bonds to analyze their stability. The 

Xmgrace program was used to represent the analyses in the form of plots. 

 

2. Complex preparation 

The following reagents were used in the experiments: 



- anabazine (2-(3-pyridyl)piperidine) (98,5%) («Aldrich»), base was used in the work, which 

is a light yellowish oil, with 1.01 g/cm3 density, and 162.23 g/mol molar mass.   

- β-cyclodextrin (99.5%) («Fluka»), white crystalline substance, t.p. 280-299°C, soluble in 

water when heated, well soluble in dimethylsulfoxide and pyridine. 

Anabazine inclusion complexes with β-CD were obtained by co-dissolution. Calculated 

amounts of anabazine and β-CD (mmol) in molar ratios (1:1; 1:2; 1:3) dissolved in a minimum 

amount of a mixture of solvents water:ethanol (1:1). The solutions were stirred on a magnetic 

stirrer at 50 ° C for 5 hours. The dropped product was filtered, washed with acetone and dried at a 

temperature of 30-35oC. Inclusion complexes Ana:β-CD were obtained in the form of a white 

crystalline powder melting with decomposition at 280-310°C.  

3. Spectroscopic measurments 

The IR spectra of the inclusion complexes Ana:β-CD were taken on a Cary 600 Series IR 

Fourier spectrometer manufactured by Agilent Technologies (USA). The 1H and 13C NMR spectra 

of the obtained clathrates were recorded on a JNM-ECA Jeol 400 spectrometer (frequency 399.78 

MHz, DMSO-d6).  

4. Surface morphology 

The surface morphology of the samples of the inclusion complexes was studied using a 

scanning electron microscope (SEM) from Tescon Mira3 LMN (Czech Republic).  

5. Thermal analysis 

Thermal analysis of samples of Ana:β-CD complexes (12 mg sample weight) was carried 

out by differential thermogravimetry (DTG) and scanning calorimetry (DSC) on a Setaram 

DTA/DSC calorimeter. 
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1H-NMR spectra of free β-CD (spectrometer JNM-ECA Jeol 400 operating 

 at 400 MHz (frequency 399.78) (25oC) 
 

 

 

 

 

 



 

13С NMR spectra of free β-CD 

 

СOSY (1H-1H) spectra of β-CD 

 



 

 

 

 

HSQC (1H-13C) spectra of β-CD 



 

HMBС (1H-13C) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 1H NMR spectra of anabazine (spectrometer JNM-ECA Jeol 400 operating 

 at 400 MHz (frequency 399.78) (25oC), DMSO-d6) 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

13H NMR spectra of anabazine (spectrometer JNM-ECA Jeol 400 operating 

 at 400 MHz (frequency 399.78) (25oC), DMSO-d6) 
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 Correlations of COSY (1H-1H) and HMQC (1H-13C) in the anabazine molecule 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1H NMR spectra of anabazine inclusion complex with β-CD (spectrometer JNM-ECA Jeol 

400 operating  at 400 MHz (frequency 399.78) (25oC), DMSO-d6) 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

13С NMR spectra of anabazine inclusion complex with β-CD (spectrometer JNM-ECA Jeol 

400 operating  at 400 MHz (frequency 399.78) (25oC), DMSO-d6) 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

COSY (1H-1H) spectra of anabazine inclusion complex with β-CD 

 



 

 

 

 

 

 

 

 

 

 

 

 

HMQC (1H-13С) spectra of anabazine inclusion complex with β-CD 

 

 

 

IR spectrum of anabazine alkaloid 



 

 

IR spectrum of beta-cyclodextrin 

 

 



 

IR spectrum of the Anabazine-beta-cyclodextrin inclusion complex 
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