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Abstract: This work was performed to analyze the nanostructures for delivering a 1-aminoadamantane 

(ADM) antidyskinetic drug. ADM has been mainly used for the medication of dyskinesia of Parkinson's 

disease, besides treating some types of influenza. To this point, the drug delivery of ADM was assessed 

in this work with the assistance of two representative models of nanostructures, including graphene (G) 

and fullerene (F). In both G and F nanostructures, an iron (Fe) atom was doped to provide an active site 

of interactions between the ADM substance and the nanostructure. Density functional theory (DFT) 

calculations were performed to achieve the required results of singular and complex models. Stabilized 

structures and related electronic features were evaluated for the investigated model systems. 

Possibilities of formations for both ADM@G and ADM@F complex models were found, and the 

involved interactions of complexes were analyzed based on the features of the quantum theory of atoms 

in the molecule (QTAIM). The results indicated a higher benefit of the formation of the ADM@F 

complex in comparison with the formation of the ADM@G complex. Variations of levels of frontier 

molecular orbitals also indicated a possibility for the recognition of complex formations. Consequently, 

the obtained results indicated the suitability of the investigated complex models of ADM@G and 

ADM@F for conducting the desired drug delivery processes using appropriate nano-based surfaces as 

carriers. 
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1. Introduction 

The topic of drug discovery has been indeed a non-stop process for several years, and 

it should still be continued because of the appearance of novel diseases and infections from 

time to time [1-5]. Not only the new unknown diseases, but also several already known diseases 

do not have a certain medication, and further investigations are still required to improve the 

medical protocols [6-10]. In this regard, several attempts have been dedicated to enhancing 

drug medications by modifying their structures and combining them with other substances to 

approach an efficient therapeutic process [11-15]. To this point, nanostructures have been seen 

as useful carriers for adsorbing drug substances and conducting them up to a correct target in 

biological systems [16-20]. Accordingly, investigating the features of nanostructures for 

https://biointerfaceresearch.com/
https://biointerfaceresearch.com/
https://doi.org/10.33263/BRIAC135.471
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-5701-4900
https://orcid.org/0000-0003-0426-548X
https://orcid.org/0000-0002-8192-3063


https://doi.org/10.33263/BRIAC135.471  

 https://biointerfaceresearch.com/ 2 of 10 

 

employment in the delivery of specific drugs requires learning the details of such complicated 

processes [21-25]. To this aim, this work was performed to assess the potential of the 

nanostructures for the delivery of the 1-aminoadamantane (ADM) drug. ADM (Figure 1) is 

mainly an antidyskinetic drug for the medication of Parkinson's disease, whereas medications 

for some types of influenza were also reported for ADM [26, 27]. Observing drug resistance is 

a disadvantage of medications by ADM to be solved for a more efficient medication of this 

drug [28, 29]. 

Interestingly, the benefits of ADM for the treatment of coronavirus disease (COVID-

19) were reported in recent works [30, 31]. Indeed, the new appearance of COVID-19 showed 

the importance of developing drug discovery concepts in both methodology and 

pharmaceutical substances [32-34]. To this point, enhancing the efficiency of ADM could help 

in approaching better treatments of diseases and infections with this already-known drug. 

 

 
 

Figure 1. 1-Aminoadamantane (ADM). 
 

 

As mentioned above, employing the nanostructures in combination with the drug 

substances could help to conduct the targeted drug delivery processes [35-38]. To this aim, two 

representative models of nanostructures, including graphene (G) and fullerene (F) (Figure 2), 

were assessed in this work for employment in the drug delivery of ADM.  

 
Figure 2. The Fe-doped models of graphene (G) and fullerene (F). 

 

The electronic features of these models are exhibited in Figure 3. The results of earlier 

works indicated the benefits of employing both G and F nanostructures in the drug delivery 

processes, and they have been employed in this work accordingly [39, 40]. Additionally, an 

iron (Fe) atom was doped in each G and F model to provide a specified interacting site for the 

nanostructure interacting with the ADM drug substance. The bimolecular ADM@G and 

ADM@F complexes (Figure 4) were examined regarding their structural and electronic 

features. To obtain the required results, quantum chemical calculations were performed to 

optimize the structures, besides evaluating their characteristic features through the benefits of 

employing computational tools for dealing with complicated problems [41-45]. The singular 

and complex models were analyzed to assess the benefits of employing the nanostructures for 
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the drug delivery of ADM. Earlier works showed the need to enhance ADM features for more 

efficient medications [46, 47]. Accordingly, this work was performed to assess the drug 

delivery issue of ADM as a possible way of enhancing its efficiency for further therapeutic 

applications. 

2. Materials and Methods 

The wB97XD/6-31+G* density functional theory (DFT) calculations were performed 

in this work using the Gaussian program [48]. ADM, G, and F singular molecules were 

stabilized, and their structural and electronic features were evaluated (Figure 3). Optimization 

calculations were performed to obtain the stabilized structures and their related features to do 

this step. Electrostatic potential (ESP) surfaces, frontier molecular orbitals distribution patterns 

of the highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular 

orbital (LUMO), and density of states (DOS) diagrams were evaluated for the optimized 

models. Next, combinations of optimized singular models were re-optimized to obtain 

ADM@G and ADM@F complexes (Figure 4). All interactions were examined to reach the 

obtained models. The interacting distances and the quantum theory of atoms in the molecule 

(QTAIM) features were evaluated (Table 1) for analyzing details of complex formations [49]. 

Moreover, energy features of both singular and complex models, including adsorption energy 

(EA), energies of HOMO and LUMO, and energy gap (EG), were listed in Table 2. The 

required features were obtained in the molecular and atomic scales by the benefits of 

performing computational works to provide insights into the investigated issues [50-53]. 

3. Results and Discussion 

The nanostructure-based delivery of 1-aminoadamantane (ADM) drug was assessed in 

this work by performing DFT calculations. From the early detection of nanostructures, 

researchers have always been working on their developments for specific applications in 

related biological systems [54-57]. On the other hand, several unsolved therapeutic issues 

should be investigated to provide further insights into maintaining human health systems [58-

60]. Accordingly, a possible drug delivery application was investigated within the current work 

by focusing on the original models of ADM and two representative nanostructures; graphene 

(G) and fullerene (F), as exhibited in Figures 1 and 2. The singular models were optimized to 

prepare the minimized energy structures for combinations in the next step. The evaluated 

structural and electronic features of singular models are exhibited in Figure 3. Formations of 

ADM@G and ADM@F were investigated by re-optimizing the bimolecular modes from the 

available optimized singular models, and the results are exhibited in Figure 4. To make a 

prediction of the interacting sites of ADM and G/F components, the results of ESP yielded a 

red color surface at the amine group of ADM and a blue color surface at the Fe-doped region 

of G and F. The mentioned colors represent the negatively charged point (red) and the 

positively charged point (blue). In this regard, the interacting sites were predicted to make 

combinations of ADM@G and ADM@F complexes. The stabilized structures of singular 

models and their electronic features are shown in Figure 3. As found by the DOS diagrams, a 

long gap distance of HOMO and LUMO was observed for the ADM component, which meant 

that the model could not easily participate in reaction processes with other substances. This 

point might stand as a reason for the occurrence of early drug resistance in the treatments by 

ADM. The roles of HOMO and LUMO are crucial for electron-transferring actions inside and 
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outside of the molecular systems, and their levels could define the chemical reactivates of the 

models. Indeed, HOMO and LUMO represent electron donating and accepting features of 

molecules by the fully occupied molecular orbital and the vacant ones to provide possibilities 

of such electron exchange processes. Accordingly, they could describe the tendency of 

molecular systems to contribute to the interaction processes. Additionally, the Fe-doped atom 

helped both G and F models work in interactions with the ADM substance through an assigned 

atomic site of the molecule. This achievement was found by the observed blue color region of 

ESP surfaces at the Fe-doped region of both of G and F components. Accordingly, the 

adsorbent models were ready for adsorbing the ADM substance through the negatively charged 

amine region. Next, the possibilities of the formation of such interacting complexes were 

examined by performing additional optimization calculations on the stabilization of 

bimolecular models. 

 
Figure 3. Structural and Electronic features of singular models. 

The optimized complex models of ADM@G and ADM@F were shown in Figure 4. To 

learn details of interactions, the QTAIM features were evaluated (Table 1). Accordingly, the 

configuration of interacting models was found by the evaluated QTAIM features showing 

existence of three interactions for formations of each of ADM@G and ADM@F complex 

models. H…C and N…F are two types of interactions of ADM@G complex and C…Fe, 

N…Fe, and H…C are three types of interactions of ADM@F complex. The interaction details 

and strengths of complexes were found based on the obtained QTAIM results. A type of semi-
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hydrogen-bond interaction was observed in both complexes with a noticeable strength by the 

evaluated QTAIM values (Table 1). The N atom of ADM interacted with the Fe-doped atom 

in the stabilized ADM@G complex, whereas the C and N atoms were involved in interactions 

in the stabilized ADM@F complex. The spherical structure of F may provide a more suitable 

surface for the relaxation of ADM substance during the optimization process in comparison 

with the G model, as the ADM substance was relaxed closer to the F surface than the G surface. 

The magnitudes and signs of ρ, ∇2ρ, and H showed that two H…C interactions of ADM@G 

were weak interactions, and one N…Fe interaction was strong. One H…C interaction of 

ADM@F was a weak interaction and C…Fe and N…Fe interactions were strong. Accordingly, 

the adsorption process of ADM by the F model was more suitable than the G model. 

 
Figure 4. Structural and Electronic features of complex models. 

 

Table 1. QTAIM features of complex models.* 

Feature ADM@G ADM@F 

Int H…C N…Fe H…C C…Fe  N…Fe H…C 

D Å 2.45 2.06 2.52 2.53 1.99 2.66 

ρ au 0.01 0.08 0.01 0.03  0.09 0.01 

∇2ρ au 0.04 -0.33 0.04 -0.11  -0.48 0.03 

H au 0.01 -0.01 0.01 -0.01  -0.02 0.01 
*The models are exhibited in Figure 4. Int: interaction, D; distance, ρ: total electron density, ∇2ρ: Laplacian of electron 

density, H: energy density. 
 

Based on the obtained energy features of Table 2, the formation of the ADM@F 

complex was found more suitable than that of the ADM@G complex regarding the evaluated 

values of EA of -46.34 kcal/mol and -32.22 kcal/mol, respectively. In this regard, the 

evaluated QTAIM features and EA values indicated the strength levels of complex formations 

for the optimized bimolecular models. It should be noted that the adsorption of ADM by both 

of G and F adsorbents was almost affirmed with higher suitability for the formation of 

ADM@F complex than ADM@G complex. For further analyses of the models, energy levels 

of HOMO and LUMO were included in Table 2. The original wide gap of singular ADM 
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(EG=12.31 eV) came closer to 3.82 and 5.82 eV in ADM@G and ADM@F complexes, 

respectively. To interpret such observed variations, each of the original HOMO and LUMO 

levels was migrated to new levels. Localizations of both HOMO and LUMO distribution 

patterns were placed at the surfaces of G and F counterparts in both complexes to show the 

protective role of nanostructures for conducting the targeted drug delivery purposes up to a 

correct destination. Additionally, variations of DOS diagrams and EG values among the models 

showed a possibility of sensing the process of the models in singular and complex states. 

Table 2. Energy features of singular and complex models.* 

Feature ADM G F ADM@G ADM@F 

EA kcal/mol n/a n/a n/a -32.22 -46.34 

HOMO eV -8.32 -6.58 -7.02 -5.56 -6.34 

LUMO eV 3.99 -1.88 -1.15 -1.74 -0.51 

EG eV 12.31 4.70 5.87 3.82 5.82 
*The models are exhibited in Figures 1-4. EA: adsorption energy, HOMO: energy of the highest occupied molecular 
orbital, LUMO: energy of the lowest unoccupied molecular orbital, EG: energy gap of HOMO and LUMO levels. 

 

4. Conclusions 

The benefits of formations of ADM@G and ADM@F complexes for conducting the 

ADM drug delivery were found. The optimization calculations obtained the stabilized 

structures, and the related electronic features showed characteristic variations for the models. 

The formation of both ADM@G and ADM@F complexes were affirmed based on the QTAIM 

and energy features with higher suitability for the ADM@F complex. A type of H…C semi-

hydrogen-bond interaction was recognized in both complexes. A possibility of reorganizing 

the investigated models in singular and complex states was found by the results of HOMO and 

LUMO frontier molecular orbitals and their distance gap, revealing a sensor function for the 

investigated singular and complex models. Finally, the investigated ADM@G and ADM@F 

complexes were suitable for conducting the ADM drug delivery process. 
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