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      Using Se8 selenium and cyclic peptides nanoparticles (SeCPNP), six configurations for the adsorption of the 5-fluorouracil (FU) 
anticancer drug on SeCPNP have been examined (SeCPNP/FU1-6). Binding energies, solvation energies and quantum molecular 
descriptors such as electrophilicity (ω) and global hardness (η) in the aqueous solution and gas phase were studied at the density functional 
level of M06-2X. The most stable structure by binding energy calculations was determined. The values obtained from solvation energies 
indicate that SeCPNPs can increase the solubility of FU, which is a key factor in drug delivery. According to quantum molecular 
descriptors, the reactivity of cyclic peptide (CP) and FU drug in all structures (SeCPNP/FU 1-6) increases. AIM calculations for all 
structures show that Se-A interactions (A = O, H, N, F and C) and intermolecular hydrogen bonding play an important role for this drug 
delivery system. In structures where FU is parallel to SeCPNP and undergoes interactions concurrently with Se8 and CP, it is more stable 
than structures in which the drug undergoes interactions only with Se8 and CP. 
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INTRODUCTION 
 
      Cyclic peptides have many usages in various contexts 
such as drug delivery, nanoscience, optical sensors, and 
electronic devices. The cyclic structure of these compounds 
with different chain amino acids is a good pattern for 
encapsulating medicines [1-4]. Cyclic peptides are 
polypeptide chains that would be as a cyclic structure. The 
cyclic structure of these compounds with different chain 
amino acids is a very good pattern for surrounding medicines 
[5]. The ring structure is formed by the end of one peptide to 
the other section with an amide bonding. Peptides are less 
toxic than synthetic molecules and therefore do not 
accumulate in the tissue. Cyclic peptide-based drugs can 
cause less harm. Cyclic peptides usually show better 
biological activities than their linear counterparts due to their 
rigid configuration. Cyclic peptides have a variety of 
structural  properties  leading  to  their  use  as  a  target  drug  
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binder  in  medical  applications  [6,7].  The compatibility of 
cyclic peptides provides the ability and stability of cell 
permeability compared to its linear counterparts. Over the 
past few years, the use of cyclic peptides in the transport of a 
wide range of therapeutic agents (including anticancer drugs, 
anti-HIV drugs, and essential phosphopeptides) has been 
investigated [8-11].  
      Cancer is a serious threat to human health and economic 
and social development and it has become one of the most 
important public health problems in the world. Once the 
tumor is found in the advanced stage, and it spreads          
very widely reaching a stage requiring treatment methods 
including surgery, radiotherapy, and chemotherapy. 
Commonly used chemotherapy drugs include 5-fluorouracil 
[12,13], gemcitabine [14,15] and doxorubicin [16].              
5-Fluorouracil is widely used in the treatment of cancer. 
Although this drug was introduced more than thirty years 
ago, it is still one of the most widely used anti-cancer drugs 
for the treatment of many different malignant cancers alone 
or with other drugs; it  shows  a  soothing  activity  in  breast,  
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gastrointestinal (especially colon cancer) and ovarian cancers 
[12,17-19]. Nevertheless, its half-life is only 10 to 15 min 
and retention time in the body is short [20]. 
      Impressive delivery of medicines to target locations 
significantly improves their remedial power. Drug delivery 
systems (DDS) as a modern tool for boosting the features of 
drugs have recently been recommended. For boosting drug 
stability and availability, cell uptake, and reduce toxicity, 
many DDSs are made from a variety of materials such as 
inorganic nanoparticles [21-24], nanotubes [25,26], polymers 
[27,28],  peptides [29] and liposomes [30]. Nano-DDS-based 
drug delivery systems have multiple benefits compared with 
larger DDSs, such as lower toxicity and recovered cell 
uptake [31]. Peptides are generally applied as nanoscale 
systems to deliver drugs because of their capability to 
transport an extensive range of molecules by encapsulating 
the medicine (surrounding). Furthermore, peptides are 
applied as section of the structure of nano-DDS by a 
widespread range of amino acids with various 
physicochemical characteristics. For example, peptides 
functionalized with gold nanoparticles have been applied as 
one of the earliest biochemical systems in drug delivery and 
to improve cell transfer of several drugs by non-covalent 
complexation [32].  
      Among the diverse metal nanoparticles, selenium 
nanoparticles (SeNPs) have not been extensively 
investigated. As an essential metal, 55 mg of selenium is 
ingested daily from the diet [33]. Selenium is also needed for 
cellular operation. Extra doses of selenium can lead to cell 
death [34]. Therefore, in fact, it is essential to design new 
SeNPs that can be applied as non-toxic nano-DDSs. SeNPs 
are coated or functionalized with alternative compounds to 
recover their biological attributes. The size of nanoparticles 
is a key factor that can change their biological activity. The 
amount of consumption and chemical form of selenium is 
very significant to reduce toxicity and increase remedial 
effects [35]. 
      Quantum chemical studies help design and analyze drug 
delivery systems [36-39]. The 2016 Nobel prize was 
awarded for the designing, manufacturing and delivery of 
drug [40,41]. Rather than experimental methods, theoretical 
procedures are principal gadgets for studying medicine 
delivery systems. In this research, density function theory 
(DFT)  was  applied  to  evaluate  the  performance  of cyclic  

 
 
peptide selenium nanoparticles (SeCPNPs) by the anticancer 
medicine of 5-fluorouracil (FU). 
 
COMPUTATIONAL METHOD   
 
      All calculations were done by 6-31G(d,p) basis set and at 
the density functional level of M06-2X [42,43] and using 
GAUSSIAN 09 software [44]. The structure of all 
configurations was optimized. In this study, the effects of 
solvent were investigated using the polarized continuum 
model (PCM) [45,46]. Solvent energy was calculated using 
the following equation: 
 
      

gassolsolv EEE                                                             (1) 

 
Esol and Egas indicate the total energy of the solution and gas 
phases. Calculations were done for 5-fluorouracil, cyclic 
peptide (CP), selenium nanoparticles (SeNPs) and its six 
configurations.  
      Quantum molecular descriptors were applied to evaluate 
chemical reactivity and stability. Hardness (η) indicates 
insistence to changing electronic structure (Eq. (2)). 
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In fact, I = -EHOMO is the ionization energy and                          
A = -ELUMO is the amount of electron affinity of the 
molecule. The lowest unoccupied molecular orbital is 
LUMO and the highest occupied molecular orbital is 
HOMO. The difference in energy of  EHOMO and  ELUMO is 
the gap of energy (Egap). The higher the Egap, the more stable 
the structure. The electrophilicity index (ω) is determined by 
Parr as Eq. (3) [47]. 
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We investigated hydrogen bonding using QTAIMs 
(Quantum Theory of Atoms in Molecule) calculations. AIM 
calculations are performed using AIMAII software [48]. 
QTAIM is based on analyzing the electron density ρ(r) 
topology [49]. We perused different contents of electron 
density such as kinetic energy (Gb), energy density (Vb), total  
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energy density (Hb) and electron density of Laplacian (2) 
at a bond critical point (BCP) for differentiating the nature of 
bonding in various species. 
 
RESULTS AND DISCUSSION 
 
Binding and Solvation Energies  
      In this study, selenium nanoparticles (SeNPs) and cyclic 
peptide (CP) respectively, from the cyclic Se8 model [50,51] 
and the cyclooctaglycine model [52] with the 5-fluorouracil 
drug (FU), which have CH, CF, CO and NH groups, were 
used, as shown in Fig. 1. The interaction of 5-fluorouracil 
with selenium-peptide nanoparticles has been considered 
from 6 different directions (SeCPNP/FU1-6). The optimized 
geometry of SeCPNP/FU1-6 in aqueous solution at           
M06-2X/6-31G** is indicated in Figs. 2 and 3. The cartesian 
coordinates and absolute energies of all optimized structures 
were presented in the Electronic Supplementary Information. 
Binding   energies (∆E)   are   computed  by   the   following 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
equation: 
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                          (4) 

 
Table 1 shows the binding energies in the gas phase and 
aqueous solution at M06-2X. Dispersion interactions are 
spotted by this level [53]. The energies (∆E) liaise on the 
orientation of the medicine relative to SeCPNP. In the gas 
phase, among 6 species, SeCPNP/FU6 is the most stable 
structure and in the solution phase, SeCPNP/FU2 is the most 
stable structure in which the 5-fluorouracil is parallel to 
SeCPNP and the NH functional group interacts with the 
SeCPNP functional groups (Fig. 2). According to the most 
stable configuration, the structure of 5-fluorouracil is 
optimized separately near CP (CP/FU) and SeNP 
(SeNP/FU). The optimized structures of these configurations 
have been showed in Fig. 1. Comparison of binding energies 
(Table 1)   shows   that    encapsulation  of  SeNP  within  CP 

 
Fig. 1. Optimized structures of FU, SeNP, CP, SeNP/FU and CP/FU. 
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Fig. 2. Optimized structures of SeCPNP/FU1-3. 

 

.  
Fig. 3. Optimized structures of SeCPNP/FU4-6. 

 



 

 

 

A DFT Study of Selenium-Cyclic Peptide Anticancer Nanocarrier/Inorg. Chem. Res., Vol. 5, No. 1, 120-131, June 2021. 

 124 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
boosts binding energy, though this operation is sometimes 
weaker in aqueous solutions than in the gaseous phase.  
      We appraised the solvation energy for all species           
(Table 1). These values are negative showing that the 
dissolution process is spontaneous. Uptake of FU in SeCPNP 
increases the solvation of the drug, which is a necessary 
factor for its use as an effective anticancer medicine. The 
solvation of the medicine in the presence of SeCPNP 
enhances from -40.95 kJ mol-1 to -87.67 kJ mol-1 (mean 
value for SeCPNP/FU1-6). After activation of SeCPNP with 
FU, the solvation of SeNP increases, which is extremely 
significant in drug delivery systems. The presence of CP is 
the main proof for the increased solvation of SeNP and FU. 
Hence, in addition to reducing the toxicity of SeNP (next 
section), CP enhances its solvation, which is a main issue in 
targeted drug delivery. SeNP and CP complement each other, 
SeNP boosts the binding energies, and CP boosts the 
solubility. 
 
Quantum Molecular Descriptors 
      According to the information in Table 2, in  both  the gas  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
and solution phases, the values of Eg and η are almost similar 
between the SeCPNP/FU1-6 structures. Eg and η values 
increase in the presence of drug and cyclic peptide in both 
phases, indicating less reactivity and greater stability of these 
structures. Drug-related Eg and η are higher than those of 
SeCPNP/FU1-6 configurations, indicating that medicine 
reactivity increases in the presence of selenium nanoparticles 
and cyclic peptide.  
      Since electrophilicity is applied to portend toxicity, it can 
be said that the degree of toxicity decreases in the presence 
of cyclic peptide. It can also be said that the amount of ω for 
the solution phase is less than the gas phase. ω increases in 
the presence of selenium nanoparticles, indicating that in the 
presence of SeNP, the drug reactivity increases. ω values of 
FU are less than SeCPNP/FU1-6, revealing that the FU is an 
electron acceptor.  
 
QTAIM Analysis 
      Using AIM analysis, a general study on the nature and 
strength of bonding interactions is done by analyzing         
the  critical  points  of  bond  using AIM analysis. One of  the  

                                       Table 1. Binding and Solvation Energy Values (kJ mol-1) for 
                                                      Corresponding Structures 

 

Species ΔEgas ΔEH2O ΔEsolv 

FU - - -40.95 

CP - - -92.22 

SeNP - - -9.66 

CP/FU -208.85 -119.75 -44.08 

SeNP/FU -110.01 -101.54 -36.99 

SeCPNP/FU1 -478.30 -480.17 -144.71 

SeCPNP/FU2 -554.86 -499.69 -87.67 

SeCPNP/FU3 -531.75 -472.54 -83.63 

SeCPNP/FU4 -554.86 -481.32 -69.30 

SeCPNP/FU5 -573.43 -498.69 -68.09 

SeCPNP/FU6 -573.65 -492.78 -61.97 
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parameters of electron density is (ρ(r)), which shows the 
potency of a bond. If the amount of (ρ(r)) is high, it means 
that the related bond is stronger. Laplacian of electron 
density  (2)   indicates  the  nature  of  a  bond.  A  positive 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
value (2) demonstrates a decline in electron density for the 
interaction of closed layer systems such as ion interaction, 
hydrogen bonding and van der Waals interactions; in 
contrast, negative values (2) demonstrate that the  electron 

                      Table 2. Quantum Molecular Descriptors (eV) for Optimized Geometries 

Species EHOMO ELUMO Eg   

 H2O 

Se -1.64 -7.18 5.54 2.77 3.51 

FU -8.07 -0.11 7.95 3.97 2.10 

CP 1.39 -8.49 9.89 4.94 1.27 

CP/FU -8.25 -0.35 7.89 3.94 2.34 

SeNP/FU -7.10 -1.54 5.55 2.77 3.36 

SeCPNP/FU1 -6.91 -1.39 5.51 2.75 3.13 

SeCPNP/FU2 -7.00 -1.63 5.37 2.68 3.46 

SeCPNP/FU3 -7.11 -1.69 5.42 2.71 3.57 

SeCPNP/FU4 -6.85 -1.39 5.45 2.72 3.12 

SeCPNP/FU5 -6.82 -1.45 5.37 2.68 3.18 

SeCPNP/FU6 -6.88 -1.26 5.61 2.80 2.95 

 Gas 

Se -1.74 -7.23 5.49 2.74 3.66 

FU -8.24 -0.11 8.13 4.06 2.14 

CP 1.34 -8.57 9.91 4.9 1.31 

CP/FU -8.08 -0.19 7.89 3.94 2.16 

SeNP/FU -7.15 -1.71 5.44 2.72 3.61 

SeCPNP/FU1 -6.91 -1.63 5.28 2.64 3.45 

SeCPNP/FU2 -7.10 -1.72 5.37 2.68 3.61 

SeCPNP/FU3 -6.64 -1.24 5.39 2.69 2.88 

SeCPNP/FU4 -7.10 -1.72 5.37 2.68 3.62 

SeCPNP/FU5 -6.97 -1.42 5.54 2.77 3.17 

SeCPNP/FU6 -6.76 -1.26 5.49 2.74 2.93 
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density in the inter-nuclear zone is concentrated, which is 
characterized by shared interactions or covalent bonds. If 
(2 < Hb < 0) 2 < 0,   Hb < 0) and (2 > 0, Hb < 0)  and 
(2 > 0,  Hb > 0), the interactions will be strong, medium 
and weak, respectively, and for the parameter -Gb/Vb if         -
Gb/Vb > 1 , 0.5 < -Gb/Vb < 1, -Gb/Vb < 0.5, the bonds will be 
non-covalent, partially covalent and covalent, respectively 
[54]. 
      The structure of SeCPNP/FU2 is reported as the most 
stable configuration  in  aqueous  solution  and  the  structure            

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
of SeCPNP/FU3 as the most unstable configuration. The 
molecular diagrams for SeCPNP/FU2 and SeCPNP/FU3 in 
aqueous solution are displayed on Figs. 4 and 5, respectively. 
The values of-Gb/Vb, Vb, Gb, Hb, 2(r), ρ(r) related to 
SeCPNP/FU2 and SeCPNP/FU3 at the bond critical points 
are given in Tables 3 and 4, respectively. Hydrogen bonding 
energies can be calculated with EHB = 0.5Vb [55]. According 
to Table 3, in selenium nano particles, Se-Se bonds with  2 
< 0,   Hb < 0,   -Gb/Vb < 0.5   are   categorized  as  strong  

 

Fig. 4. Molecular diagram of SeCPNP/FU2. Lines and small green spheres correspond to the bond paths and BCP. 
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covalent bonds. 
      In these configurations, the other group of interactions 
happens between Cp or FU and SeNP (Se-A; A = O, H, N, F 
and C). The higher the ρ(r) and 2(r) values of Se-A 
interactions, the more stable the configuration. According           
to Table 3, the Se-A interactions with -Gb/Vb > 1, 2 > 0,     
Hb > 0, are related to weak interactions. In a more stable 
configuration, the number of these interactions is greater. 
SeCPNP/FU2 contains more than 20 Se-A with av = 0.0128 
and 2av = 0.040645. 
      The other group of noncovalent bonds between FU and 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
CP is hydrogen bonding. The interaction of H31 ⋯ O67 
with, EHB = -18.8 kJ mol-1, 2 > 0, Hb < 0 , 0.5 < -Gb/Vb < 1  
and the interaction of H54 ⋯ O67 with EHB = -16.2 kJ mol-1, 
2 > 0, Hb < 0, 0.5 < -Gb/Vb < 1 are related to the 
intermediate hydrogen bond. Also, the other 2 hydrogen 
bonds with Hb > 0, 2 > 0 and -Gb/Vb > 1 are related to the 
weak hydrogen bonding. Like SeCPNP FU2, the Se-A 
interactions in SeCPNP/FU3 with 2 > 0, -Gb/Vb >, Hb > 0 
are related to weak interactions. SeCPNP/FU3 consists of 24 
Se-A interactions with av = 0.012577 and 2av = 0.03956 n 
bonding.  All 4 hydrogen  bonds  between  FU  and  CP  with 

 

Fig. 5. Same as Fig. 4 for SeCPNP/FU3. 
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                       Table 3. Topological Parameters in a.u. for SeCPNP/FU2 
 

Atoms ρ(r) 2(r) Vb Gb Hb -Gb/Vb  
  Se-Se interactions   
Se58-Se59 0.1122 -0.07003 -0.10012 0.04130 -0.05881 0.4125 
Se57-Se58 0.11164 -0.07135 -0.09839 0.04027 -0.05811 0.4093 
Se62-Se63 0.11358 -0.07471 -0.10208 0.04170 -0.06038 0.40851 
Se58-Se61 0.01674 0.044954 -0.009 0.01011 0.001122 1.12473 
Se60-Se63 0.01810 0.046721 -0.0097 0.010688 0.000993 1.102424 
Se63-Se64 0.110076 -0.06819 -0.09577 0.03936 -0.05641 0.410998 
Se58-Se63 0.012742 0.036734 -0.00693 0.008056 0.001127 1.16265 
Se59-Se60 0.09917 -0.05022 -0.07831 0.032879 -0.04543 0.419841 
Se60-Se61 0.114989 -0.07608 -0.10471 0.042847 -0.06187 0.409181 
Se61-Se62 0.098839 -0.04757 -0.07824 0.033172 -0.04506 0.42399 
Se57-Se64 0.104949 -0.0638 -0.08679 0.035418 -0.05137 0.40813 
     Se-A interactions   
O22-Se58 0.015362 0.054337 -0.00986 0.011723 0.001861 1.188704 
O19-Se58 0.014344 0.050211 -0.00985 0.011199 0.001354 1.137532 
C9-Se59 0.012976 0.0435 -0.00765 0.009263 0.001613 1.21085 
N11-Se59 0.013862 0.038048 -0.00832 0.008915 0.000597 1.071772 
C12-Se58 0.010055 0.032896 -0.00544 0.006832 0.001392 1.255882 
O24-Se63 0.014314 0.050291 -0.00975 0.011163 0.00141 1.144571 
H29-Se57 0.015546 0.040462 -0.00921 0.009661 0.000455 1.049424 
N53-Se62 0.014145 0.039605 -0.00866 0.009282 0.000619 1.071453 
C48-Se62 0.015209 0.053214 -0.00975 0.011524 0.001779 1.182555 
C55-Se63 0.00961 0.031158 -0.00511 0.00645 0.001339 1.261984 
H52-Se64 0.00931 0.028077 -0.00451 0.005764 0.001255 1.278332 
O20-Se57 0.013963 0.045128 -0.00978 0.010532 0.00075 1.076671 
H42-Se59 0.010634 0.032747 -0.00576 0.006971 0.001216 1.211295 
H38-Se59 0.008376 0.026637 -0.0042 0.005431 0.001229 1.29248 
H45-Se62 0.012369 0.038552 -0.00697 0.008306 0.001332 1.190995 
C3-Se63 0.01377 0.049774 -0.00873 0.010589 0.001855 1.212388 
H47-Se64 0.012577 0.034226 -0.00701 0.007784 0.000772 1.110097 
O56-Se64 0.015386 0.048927 -0.01084 0.011535 0.000697 1.064311 
Se61-C72 0.011283 0.030983 -0.00536 0.006554 0.001192 1.222305 
Se60-O66 0.012556 0.03875 -0.00829 0.008986 0.000701 1.084611 
Se62-N68 0.014596 0.046023 -0.00872 0.010113 0.001393 1.159748 
 Intermolecular hydrogen bonds  
N8-H29 0.010224 0.030761 -0.00511 0.0064 0.001291 1.252691 
H31-O67 0.018246 0.054375 -0.01433 0.013963 -0.00037 0.974253 
H54-O67 0.015222 0.047945 -0.01237 0.012176 -0.00019 0.984715 
O21-H74 0.028538 0.095863 -0.02243 0.023198 0.000768 1.03424 
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                      Table 4. Topological Parameters in a.u. for SeCPNP/FU3 
 

Atoms ρ(r) 2(r) Vb Gb Hb -Gb/Vb  
  Se-Se interactions   
Se62-Se63 0.112917 -0.072103 -0.101206 0.04159 -0.059616 0.41094402 
Se58-Se59 0.11202 -0.06867 -0.099987 0.04141 -0.058577 0.41415384 
Se57-Se58 0.111897 -0.071569 -0.098877 0.040493 -0.058384 0.40952901 

0.016257 0.043136 -0.008571 0.009677 0.001106 1.12903979 Se60-Se63 
Se58-Se61 0.017507 0.045747 -0.009336 0.010386 0.00105 1.11246787 
Se58-Se63 0.013682 0.038703 -0.007435 0.008555 0.00112 1.15063887 
Se59-Se60 0.098615 -0.047712 -0.077736 0.032904 -0.044832 0.42327879 
Se60-Se61 0.113321 -0.07536 -0.101368 0.041264 -0.060104 0.40707127 
Se61-Se62 0.10183 -0.052783 -0.082744 0.034774 -0.04797 0.42026008 
Se63-Se64 0.112055 -0.073229 -0.098806 0.040249 -0.058557 0.4073538 
Se57-Se64 0.103429 -0.061434 -0.08431 0.034476 -0.049834 0.40891946 

  Se-A interactions   
O21-Se63 0.016169 0.056932 -0.010495 0.012364 0.001869 1.1780848 
O22-Se58 0.016037 0.056469 -0.010381 0.012249 0.001868 1.1799441 
O19-Se58 0.014987 0.053474 -0.010217 0.011793 0.001576 1.1542527 
O24-Se63 0.015184 0.055042 -0.010167 0.011964 0.001797 1.1767483 
N11-Se59 0.013828 0.037667 -0.00829 0.008853 0.000563 1.0679131 
H41-Se57 0.010368 0.031031 -0.005218 0.006488 0.00127 1.2433882 
N53-Se62 0.015384 0.042461 -0.009402 0.010009 0.000607 1.0645607 
C48-Se62 0.014135 0.047907 -0.008638 0.010308 0.00167 1.1933317 
H52-Se64 0.010073 0.029993 -0.005009 0.006254 0.001245 1.2485526 
H29-Se57 0.014749 0.038512 -0.008589 0.009109 0.00052 1.0605425 
O20-Se57 0.013294 0.043413 -0.009301 0.010077 0.000776 1.0834318 
O20-Se58 0.010506 0.034398 -0.005827 0.007213 0.001386 1.2378582 
H42-Se59 0.010784 0.033114 -0.005849 0.007064 0.001215 1.2077278 
C9-Se59 0.012962 0.043274 -0.007614 0.009216 0.001602 1.2104018 
H38-Se59 0.008149 0.025835 -0.00401 0.005234 0.001224 1.3052369 
H45-Se61 0.009927 0.031838 -0.005461 0.00671 0.001249 1.2287126 
H31-Se62 0.009424 0.030054 -0.004889 0.006201 0.001312 1.2683575 
H45-Se62 0.01065 0.033203 -0.005817 0.007059 0.001242 1.2135121 
O56-Se63 0.010052 0.032511 -0.005596 0.006862 0.001266 1.2262330 
H47-Se64 0.013561 0.0359 -0.007705 0.00834 0.000635 1.0824140 
O56-Se64 0.013209 0.04313 -0.009224 0.010003 0.000779 1.0844536 
Se61-N68 0.010243 0.028545 -0.00572 0.006428 0.000708 1.1237762 
Se61-N69 0.010362 0.030899 -0.005967 0.006846 0.000879 1.1473102 
Se62-C72 0.017823 0.053972 -0.010885 0.012189 0.001304 1.1197978 
 Intermolecular hydrogen bonds  
H31-F65 0.004885 0.023699 -0.003265 0.004595 0.00133 1.4073506 
O49-F65 0.004799 0.025832 -0.0041 0.005279 0.001179 1.2875609 
H54-F65 0.013717 0.051659 -0.012728 0.012821 0.000093 1.0073067 
O49-H76 0.014297 0.05164 -0.011113 0.01201 0.00089 1.08080620 
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Hb > 0, 2 > 0 and -Gb/Vb > 1 are related to the weak 
hydrogen bonding.  
 
CONCLUSIONS 
  
      In this study, 6 configurations (SeCPNP/FU1-6) of 
selenium-cyclic peptide nanocarrier with the anticancer drug 
of 5-fluorouracil (FU) were examined in the aqueous 
solution and gas phase at the M06-2X level. 
Cyclooctaglycine was used for cyclic peptide and Se8 
octahedral selenium was employed for selenium 
nanoparticles modeling. Binding energy values indicate that 
the functionalization of SeCPNP with FU in (SeCPNP/FU1-
6) is appropriate and the simultaneous drug interaction with 
CP and SeNP resulted in greater stability. The results 
obtained from solvation energies show that the solubility of 
SeNP and FU enhances in the vicinity of CP. The values of 
solvation and binding energies indicate that SeCPNP/FU2 is 
the most stable configuration. Binding energies, in addition 
to the energetic stability, indicate the amount of drug loading 
by the cyclic peptide anticancer nanocarrier. Therefore, due 
to the large amounts of binding energies, it is predicted that 
the amount of drug loading by this carrier is acceptable. 
      The energy gap of FU drug is higher than those of 
SeCPNP/FU1-6, showing the reactivity of drug in the 
vicinity of SeCPNP increases. In addition, in accordance 
with AIM studies, FU can be activated in SeCPNP via Se-A 
which (Se-A; A = O, H, N, F and C) interactions and 
hydrogen bonding. Se-A interactions with 2 > 0, Hb > 0                
-Gb/Vb > 1 are related to weak interactions. AIM results 
showed that the most stable configuration has the strongest 
hydrogen bonds and Se-A interactions. Increasing the 
solubility and decreasing the toxicity of the FU drug, most of 
which is related to the formation of hydrogen bonds, makes 
this drug a good candidate for the cyclic peptide anticancer 
nanocarrier. 
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