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ABSTRACT 
Virus has become a global pandemic because of the rapid spread and 
imaginative numbers of cases and deaths. It becomes the most 
important issue that brings the attention of not only scientists but also 
the press, international and publishing houses, etc. All the countries 
involved all researches and centres efforts to find a vaccine or 
treatment to control it to no avail. This study not only investigates and 
explores the interaction between three types of medicine 
(Hydroxychloroquine, Favipiravir, and Remdesivir), and the 
angiotensin-converting enzyme (ACE2) receptors but also comparing 
the results with the interaction between the active part of the virus 
(Spike protein (S1)) and the cell. All interactions and properties of all 
molecules have been studied theoretically using theoretical 
calculations and computational methods based on the density 
functional theory. 
The results indicate that one of the drugs, which is Remdesivir could 
be an effective barrier inhibits the bind of the S1 with the human cell. 
This result could be interpreted in terms of the binding energy, since 
the binding energy of the Remdesivir molecule with the ACE2 equals 
-8.564 eV, while the binding energy of S1 is -5.666 eV. 
This research also founds that the electrons transfer from the drug to 
the ACE2 is 10.873 e, which is higher than that of S1 (5.155e). In  

 
addition, the results exhibit the Hydroxychloroquine does not have 
enough capability to inhibit the binding process between the virus and 
the cell since its binding energy (-2.948 eV) and the number of 
electrons transfer (0.7670) are the lowest. Finally, the Fermi energies 
values of Remdesivir (-3.5 eV) and ACE2 (-3.4 eV) molecules are 
convergent. In the context of the elastic transport, this predication is 
an important result since it interprets the large number of electrons 
that have been transferred from Remdesivir to ACE2 molecule, as 
shown in Figure 3 and Table 2, and this introduces the Remdesivir as 
a promising drug. 
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INTRODUCTION 
After an outbreak, the World Health Organization (WHO), 

is considered an epidemic in terms of the number of 

registered deaths and cases in 192 countries1-3. Where 

Severe Acute Respiratory Syndrome (SARS) appeared in 

Guangdong Province, China in 20023-5. The epidemic quickly 

spread around the world, reaching more than 26 countries in 

April6. Recently in December 2019, hen cases of pneumonia 

-coronavirus in central China 

in the region of Wuhan the capital of Hubei province. 

COVID-19 has appeared in multiple countries around the 

world7.  COVID-19 is utilized as a glycosylated spike (S) 

protein to allow entry into host cells. Functionally, the 

protein S is divided into two domains S1 and S2. The S1 

region, located on the N-terminal side, allows recognition 

and binding to its cellular receptor8. The surface spike 

glycoprotein contains the receptor-binding domain (RBD) 

which is accountable for the interaction with the peptidase 

domain (PD) of Angiotensin converting enzyme 2 (ACE2) in 

the host cells9. While the S2 region is located on the C-

terminal side and is implicated in the cell membranes as well 

as the virus fusion envelope, it is a class I fusion protein10. 

Also, ACE2 is a dicarboxypeptidase consisting of 805 amino 

acids containing the consensus zinc binding site of type 

HEXXH + E11. The ACE2 receptors present in the lower 

respiratory tract of humans are the entry point into human 

cells of certain coronaviruses. SARS-CoV and SARS-CoV2 

use the angiotensin converting enzyme 2 (ACE2) to enter 

host cells12-13.  

Hydroxychloroquine (C18H26C1N3O) is considered as an 

analog of chloroquine. It takes fewer concerns of the 

interactions between drug and drug. Hydroxychloroquine is 

conceded as anti-SARS-CoV of SARS outbreak that was 

activity in vitro14. This suggests that hydroxychloroquine may 

be a potential pharmacological agent for the treatment of 

COVID-19 infection15. The molecular mechanism of action 

of chloroquine and hydroxychloroquine has not been fully 

elucidated16. Recently, the two well-known Remdesivir, 

Favipiravir (T-705) as well as (RDV, GS-5734) were utilized 

as antiviral drugs that are a clinical isolate in vitro for 2019- 

nCoV17. Remdesivir (GS-5734) is a nucleotide analog that 

may inhibit viral nucleotide synthesis, whereas Favipiravir 

(T-705) acts as a purine nucleoside that could lead to the 

synthesis of the inaccurate viral RNA18. 

In spite of the extensively studied by many of researchers19-22 

overall the world to obtain a deep understanding of the 

structure and properties of this virus and the right 

medications to inhibit the virus. Unfortunately, no 

appropriate treatment has been found yet, and all the drugs 

that have been tried, including Hydroxychloroquine, have 

shown a modest efficiency against the virus. In this 

investigation, theoretical calculations and computational 

methods were applied not only to reduce the gap of 

knowledge in this area, but also to obtain an insight of 

electrochemical properties of the interaction between three 

types of medicine Hydroxychloroquine, Favipiravir and 

Remdesivir, as well as the active part of the virus (COVID-19 

Spike protein (S1)) with the human cell. 

 

Theoretical calculations and computational methods 

The electronic structures of molecules were firstly carried out 

at the B3LYP level of theory23 with LANL2DZ24 basis set used 

for metal atoms (Zn) and 6-31G** (all other atoms)25 basis set 

to explore the charges distribution. All molecules were 
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optimized using the density functional theory methods 

SIESTA (is an acronym derived from the Spanish Initiative 

for Electronic Simulations with Thousands of Atoms)26. To 

obtain geometry, optimization and mulliken electrons 

transfer calculations were carried out using a generalized 

gradient approximation26 and each molecule was relaxed 

until the forces on the atoms were less than 0.05 eVÅ-1. 

Calculations were carried out using the PBE functional27, a 

-space grid with a plane 

wave cut-off energy of 250 Ry. 

The employment of DFT to compute the ground state energy 

of various molecular junctions permits to calculate binding 

energies and optimal geometries. The counterpoise 

correction28. Assuming two molecular systems, denoted a 

and b, the energy of the interaction may be expressed by 

equation 1 

∆𝐸(𝑎𝑏) = 𝐸𝑎𝑏 − (𝐸𝑎
𝑎𝑏 + 𝐸𝑏

𝑎𝑏)                                 (1)    

 

The total energy of the combined a and b system is 𝑬𝒂𝒃, while 

the total energies of isolated systems a and b are Ea and Eb 

respectively with keeping identical basis sets for the three 

energies. ∆𝑬(𝒂𝒃) is the binding energy. The calculated 

binding energies are shown in figure 2. 

 

RESULTS AND DISCUSSION 
In seeking to explore the electronic properties of the 

molecules have been investigated by using DFT-based 

methods. Initial studies of the electronic structures were 

carried out at the B3LYP level for all atoms to explore the 

distribution and composition of the frontier molecular 

orbitals. Plots of the highest occupied molecular orbitals 

(HOMOs) and lowest unoccupied molecular orbitals 

(LUMO) are given in Figure 1. 

Plots, composition and energies of molecular orbitals are 

shown in Figure 1 and given in Table 1 and provide a point 

for initial comparison of the electronic structures across the 

series. The HOMOs of Favipiravir, and Hydroxychloroquine 

molecules are mostly extended over the backbone. In 

contrast, the HOMOs of Remdesivir, ACE2 and S1 are 

presented a negligible weight on the backbone, and they are 

delocalized a special part of the molecule, which is may be 

responsible on the binding. 

 

 
Figure 1: Plots, composition and energy (/eV) of frontier orbitals for all molecules. The dashed black line shows the Fermi 

energy of the ACE2 molecule. 

 

These orbitals are real functions and have a different 

distribution29,30. Crucially, the distribution of the HOMOs are 

of opposite to the LUMOs. This means that there is a 

significant difference in the electron transfer mechanism for 

each molecule. It is obvious that the transport mechanism is 

the HOMO-dominated electron transport for all molecules 

except the Remdesivir, since the Fermi energy position is very 

close to the HOMO. On the other hand, the Fermi energies 

values of Remdesivir (-3.5 eV) and ACE2 (-3.4 eV) molecules 

are convergent. In context of the elastic transport, this 

predication is an important result since it interprets the large 

number of electrons that have been transferred from 

Remdesivir to ACE2 molecule, as shown in Figure 3 and 

Table 2. Also, it is consistent with the binding energy results 

as shown in Figure 2. Finally, the position of Fermi energies 

for the Hydroxychloroquine and Favipiravir molecules is too 

far of the Fermi energy position of the cell, and this indicates 

that the Remdesivir may be the best choice for inhibiting the 

virus. 
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Figure 2: Plots illustrating the binding energies versus molecules. a) The binding energies of drugs Hydroxychloroquine, 

Favipiravir, and Remdesivir, and the COVID-19 Spike protein (S1). c) The structure of the ACE2. 

 

Spike protein is an essential viral element that plays an 

important role in the contact and virus internalization to the 

host cell. A vast amount of host cell receptors are targets for 

viruses, including the cell surface ACE2. The main factor in 

the success of the contact process is the binding energy. 

Therefore, we calculated the binding energy between the cell 

and the virus, as well as between the different medications 

and the cell.   

Calculated binding energies for four types of molecules are 

plotted in Figure 2, with two trends immediately apparent. 

The first one is the spike protein (S1) binds more strongly 

than the Hydroxychloroquine. Secondly, the binding energy 

of the Remdesivir molecule is the highest. This result in a 

fantastic consistent with frontier orbitals (HOMOs and 

LUMOs) results and previous studies31,32, and it has been 

supported by the calculations of the Fermi energy as shown 

in Figure 1 and Table1.  

For these molecules, the order of the binding energies is 

B.ERemdesivir > B.ESpike protein (S1) > B.EFavipiravir > B.E Hydroxychloroquine, 

which are broadly consistent with the electrons transfer 

results and iso-surfaces calculations (figures 1 and 3). 

  

Table 1. The total number of electrons of the isolated molecule (QI), the total number of electrons of the molecule attached 

to the medicine or S1 (QII), the total number of electrons transferred from the molecule (Q). A is ACE2, H is 

Hydroxychloroquine, S1 is the active part of COVID-19 Spike protein, R is Remdesivir and F is Favipiravir. B.E is the 

binding energy. 

 

 

 

Molecule 

 

 

QI 

 

QII 

 

Q 

 

B.E (eV) 

S1 206.000 200.845 5.155 -5.666 

H 126.000 125.233 0.767 -2.948 

R 226.000 215.127 10.873 -8.564 

F 58.000 54.55 3.450 -3.322 

 

ACE2 

 

 

486.000 
QII(AS1) QII(AH) QII(AR) QII(AF)  

0 

 

491.155 486.767 496.873 489.45 
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Figure 3: The number of electrons (Q) transferred from each molecule to the ACE2. a) The redox reaction. b) The number 

of electrons (Q) transferred from drugs (Hydroxychloroquine, Favipiravir, and Remdesivir), and the COVID-19 Spike 

protein (S1). c) The charges distribution over the structure of the ACE2. 

 

Charges transfer between molecules critically depends on the 

chemical identity of active parts of the compound33,34. Our 

results show that the number of electrons that have been 

transferred from Remdesivir molecule to the ACE2 molecule 

is 10.873e, which is increased by more than one order of 

magnitude than that of the of the S1. Figures 3 and 2 report 

that the calculated bulk charges transport of the contacted 

compounds from Remdesivir is likely to be associated with 

the largest binding energy (B.E) between ACE2 connected to 

Remdesivir, as shown in Figure 2 and Table 1. Further, DFT 

based charges transfer calculations reveal that the significant 

low number of the transferred electrons is exhibited via 

Hydroxychloroquine molecule, and that is another fact 

makes the Remdesivir is a strong candidate to inhibit the 

virus.  

 

Table 2: The energy (/eV) of frontier orbitals (HOMO and LUMO) and the Fermi energies. S1 is the active part of COVID-

19 Spike protein, R is Remdesivir and F is Favipiravir. EF is the Fermi energy. 

 

 

 

 

 

 

 

 

 

CONCLUSIONS 
In conclusion, we have carried out a theoretical study of 

electronic properties (the binding energy, electrons transfer 

and energy (/eV) of frontier orbitals) of some of the 

medications and their interaction with the human cell 

(angiotensin-converting enzyme (ACE2)) receptors. Also, we 

have investigated the interaction between the active part of 

the virus (COVID-19 Spike protein (S1)) and the cell. This 

work predicted that the drug (Remdesivir) could play an 

important role in determining not only the inhabitation 

process aspects of the virus but also these results provide a 

considerable body of information concerning the design and 

select appropriate drugs that can eliminate the virus. Overall, 

our work provides key insight into the development of a new 

chemist for treatment the global pandemic (COVID-19). 

 

REFERENCES  
1. Branswell H. WHO declares the coronavirus outbreak 

a pandemic. STATnews.   

2. https://www.statnews.com/2020/03/11/who-declares-

the-coronavirus-outbreak-apandemic/. Published 

March 11, 2020. Accessed March 11, 2020. 

3. Johns Hopkins University. Coronavirus COVID-19 

Global Cases by Johns HopkinsCSSE. 

https://www.arcgis.com/apps/opsdashboard/index.ht

 

Molecule 

 

 

HOMO (eV) 

 

LUMO (eV) 

 

 

EF (eV) 

S1 -5.16 -2.77 -3.94 

H -4.69 -3.1 -4.05 

R -5.21 -2.72 -3.53 

F -4.57 -3.40 -3.43 

https://www.statnews.com/2020/03/11/who-declares-the-coronavirus-outbreak-apandemic/
https://www.statnews.com/2020/03/11/who-declares-the-coronavirus-outbreak-apandemic/


Oday A. Al – Owaedi et al / The Promising Barrier: Theoretical Investigation 

 

114                                                                            Systematic Review Pharmacy                                                  Vol 11, Issue 5, 2020 

ml#/bda7594740fd4029942 3467b48e9ecf6. Published 

March 4, 2020. Accessed March 15, 2020. 

4. Cheng VC, Lau SK, Woo PC, Yuen KY. Severe acute 

respiratory syndrome coronavirus as an agent of 

emerging and reemerging infection. Clin Microbiol Rev 

2007; 20: 660-94. 

5. Schrezenmeier E, Dorner T. Mechanisms of action of 

hydroxychloroquine and chloroquine: implications for 

rheumatology. Nat Rev Rheumatol 2020; 16: 155 66. 

6. World Health Organization, WHO. (2004). Summary 

of probable SARS cases with onset of Illness from 

1November 2002 to 31 July 2003. 

L:.https://www.who.int/csr/sars/ 

country/table2004_04_21/en/.  Revised on: February 

9th, 2020.  

7. Novel Coronavirus (2019-nCoV) - World Health 

Organization URL:https://www.who.int/docs/default-

source/coronaviruse/situation-reports/20200121-

sitrep-1-2019-ncov .Revised on 20 January 2020.  

8. Millet JK, Whittaker GR. Host cell proteases: critical 

determinants of coronavirus tropism and pathogenesis. 

Virus Res. 2015; 202:120-134  

9. Li F., Li W., Farzan M., Harrison S. C., Structure of 

SARS coronavirus spike receptorbinding domain 

complexed with receptor. Science 2005; 309: 1864-

1868.  

10. Kirchdoerfer RN, Cottrell CA, Wang N, Pallesen J, 

Yassine HM, et al. Pre-fusion structure of a human 

coronavirus spike protein. Nature. 2016; 531:118-21.  

11. Towler, P.; Staker, B.; Prasad, S. G.; Menon, S.; Tang, J.; 

Parsons, T.; Ryan, D.; Fisher, M.; Williams, D.; Dales, 

N. A.; Patane, M. A.; Pantoliano, M. W., ACE2 X-ray 

structures reveal a large hinge. 

12. Song W., Gui M., Wang X., Xiang Y. Cryo-EM 

structure of the SARS coronavirus spike glycoprotein 

in complex with its host cell receptor ACE2. PLOS 

Pathog. 2018; 14:e1007236.  

13. Hoffmann M., Kleine-Weber H., Krüger N., Müller M., 

Drosten C., Pöhlmann S.The novel coronavirus 2019 

(2019-nCoV) uses the SARS-coronavirus receptor 

ACE2 and the cellular protease TMPRSS2 for entry into 

target cells. bioRxiv 2020.01.31.929042 [Preprint]. 31 

January 2020.  

14. Biot C, Daher W, Chavain N, et al. Design and synthesis 

of hydroxyferroquine derivatives with antimalarial and 

antiviral activities. J Med Chem. 2006. 49(9): 2845-9. 

15. Li Y. Ministry of Science and Technology of China: 

chloroquine phosphate is effective in the treatment of 

novel coronavirus pneumonia. 17 Feb. 

ttp://news.ynet.com/2020/02/17/2388070t70.html. 

16. Fox RI. Mechanism of action of hydroxychloroquine as 

an antirheumatic drug. Semin Arthritis Rheum. 1993. 

23(2 Suppl 1): 82-91. 

17. Wang M, Cao R, Zhang L, Yang X, Liu J, Xu M, Shi ZL, 

Hu Z, Zhong W, Xiao G (2020) Remdesivir and 

chloroquine effectively inhibit the recently emerged 

novel coronavirus (2019- nCoV) in vitro. Cell Res. 

https://doi.org/10.1038/s41422-020- 0282-0.  

18. Holshue ML, De Bolt C, Lindquist S, Lofy KH, 

Wiesman J, Bruce H, et al. First case of 2019 novel 

coronavirus in the United States. N Engl J Med 2020. 

Available from: 

https://doi.org/10.1056/nejmoa2001191 

19. 7.  Lu, R.; Zhao, X.; Li, J.; Niu, P.; Yang, B.; Wu, H.; 

Wang, W.; Song, H.; Huang, B.; Zhu, N., Genomic 

characterisation and epidemiology of 2019 novel 

coronavirus: implications for virus origins and receptor 

binding. The Lancet 2020.  

20. 8.  Wan, Y.; Shang, J.; Graham, R.; Baric, R. S.; Li, F., 

Receptor recognition by novel coronavirus from 

Wuhan: An analysis based on decade-long structural 

studies of SARS. Journal of Virology 2020.  

21. 9.  Hoffmann, M.; Kleine-Weber, H.; Krüger, N.; 

Müller, M.; Drosten, C.; Pöhlmann, S., The novel 

coronavirus 2019 (2019-nCoV) uses the SARS-

coronavirus receptor ACE2 and the cellular protease 

TMPRSS2 for entry into target cells. bioRxiv 2020, 

2020.01.31.929042. 

22. Micholas Smith; Jeremy C. Smith, Repurposing 

Therapeutics for COVID-19: Supercomputer-Based 

Docking to the SARS-CoV-2 Viral Spike Protein and 

Viral Spike Protein-Human ACE2 Interface, 

ChemRxiv, Submitted date: 26/02/2020, Posted date: 

27/02/2020, doi.org/10.26434/chemrxiv.11871402.v3. 

23. Becke, A. D., Density‐functional thermochemistry. III. 

The role of exact exchange, J. Chem. Phys. 1993, 98, 

5648-5652. 22-Artacho, E., et al.  

24. The SIESTA method; developments and applicability. J 

Phys Condens Matter, 2008. 20(6): p. 064208. 

25. Perdew, J.P., K. Burke, and M. Ernzerhof, Generalized 

Gradient Approximation Made Simple. Physical 

Review Letters, 1996. 77(18): p. 3865-3868. 

26. Artacho, E., et al., The SIESTA method; developments 

and applicability. J Phys Condens Matter, 2008. 20(6): 

p. 064208.  

27. Davidson, R., et al., Effects of Electrode Molecule 

Binding and Junction Geometry on the Single-

Molecule Conductance of bis-2,2′:6′,2″-Terpyridine-

based Complexes. Inorganic Chemistry, 2016. 55(6): p. 

2691-2700. 

28. Jansen, H. and P. Ros, Non-empirical molecular orbital 

calculations on the protonation of carbon monoxide. 

Chemical Physics Letters, 1969. 3(3): p. 140 143. 

29. Stadler, R.; Jacobsen, K. W., Fermi level alignment in 

molecular nanojunctions and its relation to charge 

transfer, Phys. Rev. B 2006, 74, 161405. 

30. Al-Owaedi, O. A.; Milan, D. C.; Oerthel, M. C.; Bock, 

S.; Yufit, D. S.; Howard, J. A. K.; Higgins, S. J.; Nichols, 

R. J.; Lambert, C. J.; Bryce, M. R.; Low, P. J., 

Experimental and computational studies of the single 

molecule conductance of Ru(II) and Pt(II) trans-

bis(acetylide) complexes,  Organometallics, 2016, 35, 

2944-2954. 

31.  Ibrahim M. I.;  Doaa H. A.; Mohammed E. E.; Abdo A. 

E.; COVID-19 spike-host cell receptor GRP78 binding 

site prediction. Journal of Infection, 2020, 80, 554-562. 

32. Muhammad Tahir ul Qamar, Safar M. Alqahtani, 

Mubarak A. Alamri, Ling-Ling Chen. Structural basis 

of SARS-CoV-2 3CLpro and anti-COVID-19 drug 

https://doi.org/10.1038/s41422-020-%200282-0
https://doi.org/10.1056/nejmoa2001191


Oday A. Al – Owaedi et al / The Promising Barrier: Theoretical Investigation 

 

115                                                                            Systematic Review Pharmacy                                                  Vol 11, Issue 5, 2020 

discovery from medicinal plants. Journal of 

Pharmaceutical Analysis, Journal pre-proof.  

33. Miao M.; Zheng T.; Suman M.; Ming Hui L.; Zhibing 

T.; Junyang L.; Jia S.;   Yang Y.; Chun Yuan L.; Wenjing 

-

conjugation in Mo2-integrated single-molecular 

junctions. Nanoscale, 2020, Accepted Manuscript.  

34. Songsong L.; Hao Y.; Kenneth S.; Kejia C.; Bo L.; Yun 

L.; Jeffrey S. M.; Charles M. S. Charge Transport and 

Quantum Interference Effects in Oxazole-Terminated 

Conjugated Oligomers. J. Am. Chem. Soc. 2019, 141, 

40, 16079-16084. 


