
Review Not peer-reviewed version

COVID-19, Infection Inhibitors and

Medicines

Toshihiko Hanai *

Posted Date: 14 January 2025

doi: 10.20944/preprints202501.1042.v1

Keywords: SARS-CoV S-RBD; ACE-2; protein-protein interaction energy values; infection inhibitors;

multiplication inhibitors; cocktail dose with TCA acids; natural polyphenols; glycosyl compounds

Preprints.org is a free multidisciplinary platform providing preprint service

that is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0

license, which permit the free download, distribution, and reuse, provided that the author

and preprint are cited in any reuse.

https://sciprofiles.com/profile/1232255


 

 

Review 

COVID-19, Infection Inhibitors and Medicines 

Toshihiko Hanai 

Health Research Foundation, Research Institute for Production Department 4F, 15 Shimogamo-Morimoto-cho, 

Sakyo-ku, Kyoto, 606-0805, hanai104@kf7.so-net.ne.jp 

Abstract: The fast mutation of COVID-19 viruses still confuses us, and the mRNA vaccines do not 

inhibit the infection and may protect against the heavy disease. The infection mechanism is described 

with the protein-protein binding stereo structure; therefore, the infection strength of variants has 

been estimated from the protein-protein (S-RBD binding with ACE-2) interaction energy values 

calculated using a molecular mechanics program. The binding strength order was Alfa < Lambda < 

WT < FE.1 < XBB1.5 < EG.5 ≈ BQ.1 ≈ Alpha+E484K ≈ Omicron XBB.1.16 ≈ Epsilon, Iota < EG.5 < Delta 

plus ≈ Beta, Kappa B.1.621 ≈ KP.3 ≈ Kappa B.1.617.1 ≈ Delta B.1.517.2 < KP.2 < BA.2.86 ≈ JN.1 ≈ HV.1 

≈ BA.1 < BA.2. The mutation from acidic amino acid to basic amino acid strength the binding. The 

substitute size of amino acids causes the steric hindrance for the binding. The affinity level supports 

the infection strength. Various proposed infection inhibitors are quantitatively analyzed. TCA acids 

and natural polyphenols inhibit the binding of S-RBD to ACE-2. The cocktail dose of known 

medicines may enhance their performance. The inhibiting multiplication may be achieved using 

glycated compounds that bind glycoproteins and reduce glycoprotein activities. 
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1. Introduction 

The SARS-Cov-2 infection mechanism was described in detail, and the target approach was 

proposed [1]; however, the solution is far from conclusive. The infection of COVID-19 is caused by 

the binding of the SARS-CoV-2 protein with Angiotensin-converting enzyme 2 (ACE-2), which is an 

integral part of the renin-angiotensin-aldosterone system that exists to keep the body’s blood 

pressure. Once the death numbers soared by Omicron BA.1 and BA.2 in 2022; then, new mutants, 

Omicron BA.4 and BA.5, appeared, and the death numbers declined to be compatible with the 

influenza death numbers. Several countries announced that the disease was not to be pandemic. The 

pandemic’s definition is unclear, but the disease was defined as not a pandemic but a syndemic [2–

5]; however, we are still fighting to control Covid-19 infection. The mutants Omicron BA.2, BA.4, and 
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BA.5 are listed as variants of concern, and Omicron BA.2.75 and BQ.1 are considered variants of 

interest [6]. The mutation of viruses is too fast, and the development of new vaccines and medicines 

is far behind. Previous infection with an older variant such as Alpha, Beta, or Delta offers some 

protection against reinfection with Omicron BA.4 and BA.5 [7]. This may be a similar mutation of the 

Omicron BA.4 and BA.5 S-RBD binding site to that of the older variants and different from that of 

Omicron BA.1 and BA.2, in which various amino acids are mutated. 

 Furthermore, Omicron BA4 and BA.5 showed reduced neutralization by the serum from 

individuals vaccinated with triple doses of AstraZeneca or Pfizer vaccine compared with Omicron 

BA.1 and BA.2. In addition, using the serum from Omicron BA.1 vaccine breakthrough infections, 

there were significant reductions in the neutralization of Omicron BA.4 and BA.5 whose 

multiplication extend beyond that to other variants [8], raising the possibility of repeat Omicron 

infections. A greater escape from neutralization of Omicron BA.4 and BA.5 compared with Omicron 

BA.1 and BA.2 was reported [8]. Serum from triple-vaccinated donors had a 2 to 3-fold reduction in 

neutralization titers compared with the neutralization of Omicron BA.1 and BA.2. The prevention of 

transmission might become less effective as viruses evolve antigenically further from ancestral 

strains. While vaccination was unlikely to eliminate transmission, the combination of vaccines with 

boosting by natural infection will probably continue to protect the majority from severe disease. The 

L452R and F486V mutations both made major contributions to Omicron BA.4 and BA.5 escape [9]. 

However, based on previous analysis, the L452R mutation strengthens the binding with ACE-2. One 

emerging sublineage, Omicron BA.2.75, which might escape from antibodies due to the mutation, 

did not show greater antibody evasion than Omicron BA.5 [10]. Therefore, further study was carried 

out transmissibility of Omicron BA.4 and BA.5, BA.2.75, BQ.1, and BQ.1.1 as the difference in 

molecular interaction energy values. The BA.2.86 variant appeared, and the effectiveness of a new 

monovalent XBB.1.5 vaccine showed good levels of neutralizing antibodies [11]. The storm of new 

variants, HV.1 and JN.1, was rounding the world. Now, we face new variants of Omicron KP.2 and 

KP.3. 

Numerous sublineages emerged from the continued evolution of the SARS-CoV-2 Omicron 

variants with different patterns of evasion from neutralizing antibodies. Various facts were observed 

such as human leukocyte antigen (HLA) class 1 and class 2 resented T-cell epitopes in the spiked-

glycoprotein were highly conserved across the entire evolution of SARS-CoV-2 including Alpha, 

Beta, and Delta and Omicron sublineages, suggested that CD8+ and CD4+ T-cell recognition of 

Omicron, BQ.1.1, BA.2.75.2 and XBB might be largely intact. Omicron sublineages effectively evaded 

B-cell immunity by altering neutralizing antibody epitopes [12]. N-acetyl cysteine covalent 

conjugation perturbed the stereo-specific orientations of the interacting key residues of spike protein, 

resulting in a threefold weakening in the binding affinity of spike protein with the ACE-2 receptor 

[13]. Persistent SARS-CoV-2 RNA was detected in multiple anatomic sites, including throughout the 

brain [14]. SARS-CoV-2 non-structural protein 1 is sufficient to confer resistance to Natural killer cell 

killing [15]. Coldspot-guided antibody discovery reveals donor-derived neutralizing antibodies that 

are cross-reactive with Orthocoronavirine, including SARS-CoV-2 variants [16]. T cell epitope 

mapping across the SARS-CoV-2 proteome will allow us to understand better the risks presented by 

merging SARS-CoV-2 variants and the mechanisms that drive viral evolution [17]. Adding adjuvants 

or changes in doses and more mechanistic interventions may be implemented, such as using IL-7 

[18].  

A wide range of adverse/side effects have been reported in humans after COVID-19 vaccination 

[19]: thrombotic events/thrombocytopenia, myocarditis/pericarditis, cutaneous reactions, immune-

mediated effects, psychiatric adverse events, systemic lupus erythematosus, reproductive toxicity, 

and other miscellaneous adverse effects [20], thrombotic thrombocytopenia [21], capillary leak 

syndrome associated with COVID-19 [22], vaccine-induced myocarditis based on the detection of free 

antigen in the blood of adolescents [23,24], Myocarditis and/or pericarditis were observed after SARS-

CoV-2 mRNA vaccination with a predilection for adolescent and young adult males [25]. Restricted 

mean survival and restricted mean time lost have shown a small but significant downside for the 
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vaccinated population [26]. mRNA COVID-19 vaccine boosters increased the prevalence of COVID-

19 infection and other pathologies due to the impairing immune system response in immune-

compromised individuals; therefore, it needs careful consideration for mRNA vaccine boosters [27]. 

mRNA vaccines for COVID-19 fail to generate secretory/mucosal immune-like IgG responses, 

rendering them ineffective in halting viral spread, and the mutations in the SARS-CoV-2 binding 

domain reduce immune recognition by vaccine-derived antibodies [28]. Adults with moderate or 

severe previous SARS-COV-2 infection were more likely to have a health event sufficient to impact 

routine activities or require medical assessment in a week following each vaccine [29]. Age-adjusted 

cancer mortality increases after the third mRNA-lipid nanoparticle vaccine dose during the COVID-

19 pandemic [30–32]. This evidence may be due to weakene immune systems due to multiple 

vaccinations [33].  

The high rate of anaphylaxis to the mRNA vaccines occurred predominantly in people who had 

a history of allergies [34], and cases of glomerulopathy after COVID-19 vaccination have been 

reported in the adult population [35]. A strong link between COVID-19 infection and an increased 

risk of new-onset asthma in children was considered [36]. Therefore, a wide range of adverse/side 

effects have been reported in humans after COVID-19 vaccination does not allow the judgment of the 

international scientific community, including toxicologists [37], and the significance of additional 

vaccination in hybrid-immunized cases is highly questionable regarding cost-effectiveness and risk-

benefit [38].  

Furthermore, the immune response to the vaccine is very different from that of a SARS-CoV2 

infection. Vaccination induces a profound impairment in type 1 interferon signaling, which has 

diverse adverse consequences for human health [39]. The vulnerability of aged people may be 

supported by the evidence that both antigen structure and the delivery platform are crucial to 

efficiently prime humoral immune responses in old mice and might be relevant for designing “age-

adapted” vaccine strategies [40]. People who have a history of allergies, chronic diseases, medication 

usage, and side effects of a strong magnitude for the BNT162b2 and ChAdOx-S vaccines should avoid 

vaccinations. The association of the female sex and infection with SRS-CoV-2 increased the potential 

of developing stronger side effects with certainanti-SARS-CoV-2 vaccines [41]. The coronavirus 

mortality rate in 55 African countries is almost 4.5 times lower than in the coronavirus, despite Africa 

having over 4.2 times more poorly vaccinated people [42]. Due to the nature of polymorphic cell-

mediated immune responses may continue to contribute to prevention/limitation or severe COVID-

19 manifestation [43]. Patients infected with SARS-CoV-2 to be outcomes of self-DNA driven 

inflammation. How inflammatory self-DNA contributes to some of the most frequent adverse events 

after vaccination with the Pfizer/BioNTech or Modelna mRNA vaccine can be explained the similar 

mechanisms to those derived by gp41. A wider application of the lessons learned from the 

experiences with COVID-19 and the new mRNA vaccines to combat future non-COVID-19 diseases. 

[44]. 

A new drug discovery approach was proposed and created minimal virions of wild-type (WT) 

and mutant SARS-CoV-2 with precise molecular composition and programmable complexity by the 

bottom-up assembly to study the free fatty acid binding pocket that was an allosteric regulatory site 

enabling adaptation of SARS-CoV-2 immunogenicity to inflammation states via binding of pro-

inflammatory free fatty acids. Vitamin K and dexamethasone might work in the pocket instead of 

fatty acids; therefore, the approach may find a future COVID-19 therapy [45]. Drug resistance to 

Nirmatrelvir (Paxlovid) of SARS-Cov-2 protease mutants was extensively studied—the mutation 

around the binding site reduced enzyme activity [46]. The mutation prevented antibody binding and 

neutralization. The antibodies almost always interacted with the amino acid at position K417N or 

E484A [47]. The original amino acid K417 is the key mutation amino acid; the mutation to neutral 

amino acids reduces the S-RBD binding strength with ACE-2. The S-RBD E484 is repulsed from ACE-

2; therefore, the E484A mutation erases the repulsion from ACE-2. R493 and R498 of S-RBD 

demonstrated their binding with ACE-2 via ion-ion interaction [48]. This fact supported the previous 

observation. The mutation of COVID-19 is too fast, following the analysis of transmissibility and 
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estimation of the multiplication are delayed. Preventing infection is an urgent subject. The previous 

analyses suggested that the inhibitor candidates are citric acid and related Creb’s cycle organic acids, 

synthesized from glucose as normal metabolic processes [49].  

On the other hand, monoclonal antibodies have been considered to prevent the virus from 

infecting human cells by binding to the virus’s spike protein; however, Omicron is totally or partially 

resistant to all currently available monoclonal antibodies [50]. Another report using lentivirus-based 

pseudo virus demonstrated that Bamlanivimab, Casirivimab, Etesevimab, Imdevimab, and 

Tixagevimab were less functional against BA.2 but Bebtelovimav, Cilgavimab, Imdevimab, 

Sotrovimab demonstrated a little effectiveness for neutralizing Omicron BA.1 and BA.2 variants [51]. 

Bebtelovimab showed remarkable preserved in vitro activity against all SARS-CoV-2 variants, 

including Omicron BA.4 and BA.5 [52]. The monoclonal antibody may bind to the S-RBD for 

protection; however, the binding with ACE-2 has not been described in detail. A plant-derived 

xanthophyll-carotenoid, Lutein, which protects from neurodegenerative diseases, protects against 

oxidative and nitrosative stress, both of which play a major role in long COVID and mRNA 

vaccination injury syndromes [53]. Glatiramer acetate made a patient clinically stable with relapsing-

remitting multiple sclerosis and chronic lymphocytopenia after receiving the third dose of the 

Moderna mRNA vaccine [54].  

  Kids constantly produce TCA acids and then synthesize related amino acids and other 

important compounds for growing. Aging reduces such activity; therefore, adults must eat food 

containing essential metabolites. This known metabolism may support the idea that kids are less 

infected [55]. Children’s self-protection against COVID-19 was reported, even though children do not 

have a particular compound, and the fundamental defense mechanisms should be the same as those 

of adults [56,57]. It may be the activity of ordinal metabolisms and mass production of various 

compounds for their growth. Aged people may not have enough vital metabolisms to protect from 

COVID-19 infection if they do not eat balanced foods. Food habits may affect the mortality of meat-

eating and vegetable-eating populations by comparison to their food habits. Before vaccination 

became a common practice, the USA’s total death/ and infectibility/population ratio was 

approximately 14 and 10 times Japan’s total death/ and infectibility/population ratio. America’s 

relative intake of citric acid-related metabolites [58] is lower than Japanese. The “Healthy Eating” 

report presented the regional food habits [59], suggesting transmissibility and mortality are very high 

in certain countries. Excess dairy and animal protein eating seems to relate to the urgent problem. 

We have to analyze the evidence continuously based on quantitative analytical chemistry. 

The necessity and importance of reevaluating vaccine design and scheduling was proposed to 

increase oral or respiratory mucosal immunity against SARS-COV2 [60]. In addition, the intranasal 

recombinant protein subunit COVID-19 vaccine as a booster in adults [61]. Diagnosis is necessary to 

avoid the side effects of vaccination, and IgA can be considered a diagnosis [62,63] due to spiked-

specific secretory IgA in mucosal secretions, highlighting the potential protective benefits of a vaccine 

targeting the upper respiratory tract [64]. The modified vaccine virus Ankara vector expressing the 

SARS-CoV-2 spike protein conferred full protection against SARS-CoV-2 cerebral infection may be a 

promising vaccine candidate against SARS-CoV-2 [65]. We should stop trying to prevent all 

symptomatic infections in healthy, young people by boosting them with vaccines containing mRNA 

from strains that might disappear a few months later [66]. Fragment crystallizable-mediated effector 

functions are critical for antiviral immunity; therefore, the choice and timing of vaccination regimens 

using mRNA vaccines against SARS-CoV-12 because the induction of IgG4 antibodies was not 

observed after homologous or heterologous SARS-CoV-2 vaccination with adenoviral vectors [67]. 

Carrier-free naked mRNA vaccines generated neutralizing antibodies against SARS-CoV-2 in non-

human primates at levels comparable to those observed in mice; this may be a new effective approach 

vaccine [68]. Combined cryo-electron tomography with molecular dynamic simulation proposed 

pan-betacoronavirus S2-targeting antibodies as new medicines due to neutralizing arrecting pre-hear 

pin intermediates [69]. A new treatment is proposed to dose the spike surface protein of SARS-CoV-

2 to a person’s immune cells to stimulate long-lived antibody production [70]. 
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 Despite the availability of vaccines and medicines, the infection has not been under control, and 

Omicron infections are as high as ever. The quantitative analysis of S-RBD mutant binding strength 

and inhibitor candidates was achieved in silico by calculating binding strength with ACE-2, including 

Hydrochloroquine, Ketoprofen, Metformin, Niacin, Nitazoxanide, Ritonavir, Simnotrelvir, Stain, and 

natural polyphenols. The in silico analytical method is the same as that previously described. 

Improving the performance of known medicines as cocktail doses and the practical inhibition of 

natural compounds, and glycosylation effect are described in the following sections.  

2. The Fundamental Aspect of the Binding Strength of S-RBD Mutants 

Acid-base (ion-ion) interaction strength is superior to hydrogen bonding, Lewis-acid-base 

interaction, and van der Waals (hydrophobic) interaction. Therefore, a mutation from an acidic amino 

acid to a basic amino acid strengthens the binding force. On the other hand, a mutation from a basic 

amino acid to an acidic amino acid weakens the binding force. A mutation from a small-size amino 

acid to a large-size amino acid weakens the binding strength due to steric hindrance. The simple 

quantitative analysis of these molecular interactions can be performed using model amino acids. 

Several examples are given in Figure 1.  

 

Figure 1. The molecular interaction between two amino acids. Yellow (light gray), red (black), blue (dark gray), 

and white balls: carbon, oxygen, nitrogen, and hydrogen. 

 The molecular interaction (MI) energy (kcal·mol-1) between Glu and an amino acid on the 

surface of  

SARS-CoV-2 was calculated using the same approach as that used for the MI energy value 

calculation analyzed using the same approach represented in chromatographic molecular interaction 

mechanisms [71]. The MI energy value of the Final (optimized) structure is the sum of the individual 

molecules (one example: glutamic acid (Glu) and Alanine (Ala) minus that of the complex (Glu + 

Ala). The calculated MI energy values are presented in Table 1, where MIFS, MIHB, MIES, and MIVW 

are the MI energy values of the optimized structure, hydrogen bonding, electrostatic interactions, 

and van der Waals interactions, respectively. The MIHB, MIES, and MIVW indicate specific 

contributions to the interactions. 

Table 1. Molecular interaction energy values between two amino acids kcal·mol-1. 

Amino acid  MIFS  MIHB  MIES  MIVW  Amino acid  MIFS  MIHB  MIES MIVW 

Glu + Ala (A) 10.48 0.07 11.35 -0.92 Glu + Pro (P) 5.32 -0.004 5.40 0.53 

Glu + Arg (E) 84.05 25.29 64.31 -3.30 Glu + Thr (T) 25.17 9.29 16.69 0.08 

Glu + Asn (N) 33.56 18.74 16.47 -2.17 Glu + Tyr (Y) 24.75 9.85 20.04 -0.26 

Glu + Asp*(D) -5.05 -0.05 -5.09 0.01 Glu + Phe (F) 12.61 0.07 9.41 2.91 

Glu + Glu*(E) -5.73 0.02 -5.75 -0.01 Glu + Ser (S) 22.53 9.68 14.34 -0.57 

Glu + Gln (Q) 31.27 17.19 16.49 -2.40  Glu + Val (V) 13.26 0.28 13.97 -0.54 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 January 2025 doi:10.20944/preprints202501.1042.v1

https://doi.org/10.20944/preprints202501.1042.v1


 6 of 51 

 

Glu + Gly (G) 16.41 -0.11 15.50 -1.06 

Glu + His (H) 21.20 4.30 17.04 0.25  Tyr + Asn (N) -27.71 -14.69 -13.24 5.56 

Glu + Leu (L) 8.16 0.11 7.15 1.06  Lys + Asn (N) 43.92 27.77 20.73 -4.65 

Glu + Lys (K) 142.03 33.80 120.21 -8.67  Lys + Tyr (Y) 31.38 28.95 5.17 -3.52  

MIFS, MIHB, MIES, MIVW: Molecular interaction energy values of final structure (FS), hydrogen bonding (HB), 

electrostatic interaction (ES), and van der Waals force (VW). *Repulsion, no MI energy. Unit: kcal·mol-1. 

The main glutamic acid (Glu) and arginine (Arg) interaction is ion-ion interaction: the MIFS 

energy value is 84.05 kcal mol-1, and the MIES value is 64.31 kcal mol-1. The main lysine (Lys) and 

tyrosine (Tyr) interaction is hydrogen bonding: the MIHB energy value is 28.95 kcal mol-1, and the 

MIES energy value is 5.17 kcal mol-1. The contribution of van der Waals interaction is null for these 

amino acids. The simple calculation between two amino acids provides the binding strength by 

mutation of S-RBD. This fundamental molecular interaction force is applied to understand the mutant 

binding strength with ACE-2 protein. The mutated amino acids of various mutants are listed in Table 

2, and the stereo structures of several COVID-19 A-RBD are shown in Figure 2 for easy understanding 

of the binding strength. Actual binding strength is calculated as molecular interaction energy values 

of these mutant’s S-RBD and ACE-2 docking analysis using a molecular mechanics program (MM2). 

Table 2. Mutated amino acids of SARS-CoV-2 S-RBD mutants.  

WHO name  Lincage plus  Mutated amino acids                                           

WT  N501 

Alpha B.1.1.7 N501Y 

Alpha plus B.1.1.7+E484K N501N, E484K*1 

Beta B-1.351 N417K, E484K, N-501Y 

Delta B.1.517.2 L452R, T478K 

Delta plus AY.1 K417N, L452R, T478K 

Epsilon B.1.427/B.1.429 L452R 

Eta  B.1.525 E484K 

Gamma P.1 K417N, E484K, N501Y 

Gamma P.1 K417N, E484K, N501Y*2 

Iota  B.1.526 E484k, (Eta B.1.525) 

Iota  B.1.526.1 L452R 

Kappa B.1.617.1 L452R, E484Q 

Kappa B.1.620 S477N, E484K 

Lambda C37 L452Q, F490S 

Mu  B.1.621 R346K, E484K, N501Y 

Theta P.3 E484K, N501Y, (Alpha B.1.7 + E484K) 

Theta B.1.616 V483A 

Zeta  P.2 E484K, (Eta B.1.525) 

Omicron BA1 G339D, S371L, S373P, S375F, K417N, N440K, G446S, S477N, 

T478K,  

  E484A, Q493R, G496S, Q498R, N501Y, Y505H, 

Omicron BA2 G339D, S371F, S373P, S375F, T376A, D405N, R408S, K417N, 

N440K,  

   S477N, T478K, E484A, Q493R, Q498R, N501Y, Y505H, 

Omicron B.2.75 D339H, G446S, N460K, Q493R 

Omicron BA.4/5 L452R, F486V, Q493R 

Omicron BQ.1 K444T, N460K 

Omicron BQ.1.1 R346T, K444T, N460K 

Omicron XBB R346T, V445P, G446S, N460K, F486S, F490S, Q493R 

Omicron XBB.1.5 F456L,N460K, F486P, F490S  

Omicron XBB.1.16 T478R, F486P 

Omicron      FE.1 F456L, F486P, F490S                                        
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Omicron  EG.5 F456L, N460K, S486P, FS490S 

Omicron   BA.2.86 I332V, D339H, R403K, V445H, G446S, N450F, L452W, 

N481K,483del,    E484K, F486P 

Omicron BA.2.87.1 G339D, S371F, S373P, S376F, T376A, D405N, R408S,K417T, 

N471K, 

   E484A, Q498R, N501Y, Y506H 

Omicron   HV.1 R346T, L368I, T376A, D405N, K417N, N440K, V445P, G446S, 

L452R,  V460K, S477N, T478K, E484A, F486P, F490S, Q493R, N501Y, 

Y505H  

Omicron JN.1      T332V, K356T, T376A, R403K, D405N, K417N, N440K, V445H, 

G446S, N450D, L452W, L455S, V460K, S477N, T478K, N481K, 

483V, E484A, F486P, F490P, Q493R, N501Y, Y505H 

Omicron JN.1.17 T332V, K356T, T376A, R403K, D405N, K417N, N440K, V445H, 

G446S, N450D, L452W, L455S, V460K, S477N, T478K, N481K, 

483V, E484A, F486P, F490P, Q493R, N501Y, Y505H, T572I 

Omicron JN.1.18 T332V, R346T, K356T, T376A, R403K, D405N, K417N, N440K, 

V445H, G446S, N450D, L452W, L455S, V460K, S477N, T478K, 

N481K, 483V, E484A, F486P, F490P, Q493R, N501Y, Y505H, 

Omicron KP.2  T332V, K356T, R346T, T376A, R403K, D405N, K417N, N440K, 

V445H, G446S, N450D, L452W, L455S, F456L, V460K, S477N, 

T478K, N481K, 483V, E484A, F486P, F490P, Q493R, N501Y, 

Y505H, T572I 

Omicron  KP.3 T332V, K356T, T376A, R403K, D405N, K417N, N440K, V445H,  

    G446S, N450D, L452W, L455S, F456L, V460K, S477N, T478K, 

    N481K, 483V, E484A, F486P, F490P, Q493E, N501Y, Y505H, 

T572I 

The downloaded stereo structure of SARS-CoV-2 with ACE-2 complex (RSCB PFB 7MJK) 

indicates that the binding site of ACE-2 contains many acidic amino acids [72]. The structure is 

corrected using UniProtKB-Q9BYF1(ACE2- HUMAN) 4a ACE angiotensin-converting enzyme 2 

[Homo sapiens (human)], Gene ID: 59272, 24-May-2021. Figure 2A shows the downloaded COVID-

19 protein 7MKK structure, which consists of a complex with saccharides. One extracted protein 

structure is shown in Figure 2B, and the circle indicates the S-RBD, whose structure is shown in Figure 

2C. The full-size ACE-2 structure is shown in Figure 2D, where acidic amino acids at the contact site 

are indicated using large atom-size molecules (D: Asp; E: Glu) with the amino acid symbols and the 

residual numbers. Omicron KP.2 (Figure 2L) and KP.3 (Figure 2M) are mutants from Omicron JN.1 

(Figure 2K); therefore, only the different mutated amino acids are clearly indicated. 

A B C 

  

 

D E F 
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Figure 2. A-O. Stereo structures of several SARS-CoV-2, ACE-2 and S-RBD. White, yellow (light gray), blue (dark 

gray), red (black) balls: hydrogen, carbon, nitrogen, oxygen. 

3. Binding Inhibitors for S-RBD with ACE-2 

The MI between an acidic amino acid and a basic amino acid strengthens the binding 

interactions, and the acidic amino acid repulses an acidic amino acid (Table 1). If acidic compounds 

bind on the S-RBD surface, the complex should be repulsed from the ACE-2 bonding site. Therefore, 

the inhibition effects of several acidic (medicines) were first studied. These structures are shown in 

Figure 3, summarising the optimized results in Table 3. 
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Figure 3. Binding inhibitor candidates. White, yellow (light gray), blue (dark gray), red (black) balls: hydrogen, 

carbon, nitrogen, oxygen. 

 Table 3. Inhibitor candidates for binding of SARS-CoV-2 with ACE-2. 

 Compounds S-RBD ACE-2 C+A* Compounds            S-RBD ACE-2 C+A* 

  Acetaminophen B B - Furosemide B B - 

Adrenaline B B - Gallic acid B R R 

Ascorbic acid B B - Gingerol B B - 

Aspirin I B R PB Glycyrrhizinic acid B R R 

Aspirin-O-mannoside M B B - Hydroxychloroquine B B - 

Aspirin-O-mannoside I B R - Ibuprofen I B R R 

Azithromycin B B - Ibuprofen M B B B 

Benzoic acid I B R  PB Isopropylantipyrine B B - 

b-Blocker B B - Lactic acid I B B R 

m-Carboxyl-L-tyrosine B R R Lactic acid M B B R 

m-Carboxyl-L-tyrosine B R R Lopinavir B B - 

  N-mannoside    Malic acid D-mannoside M B B - 

Catechin B B - Malic acid D-mannoside I B R R 

Captopril B B - Mefenamic acid I B R R 

Clofazimine B B - Mefloquine B B - 

Chlorophenyl amine- B B - Molnupiravir B B B 

 Malonate    N3 B B - 

Citric acid B R R Nalidixic acid I B R R 

Citric acid dimethyl B R R Naproxen I B R R 

Citric acid trimethyl B B  PB Oseltamivir B R B 

Citric acid O-mannoside B R R PF-07321332 B B B 

Citric acid di-O-mannosideB R R Probenecid I B R - 

Citric acid tri-O-mannosideB B - Remdesivir B B - 

Ethionamide B B - Ritonavir B B - 

Ephedrine B B - Unifenovir B B - 

Favipiravir B B - Unifenovir I B B   

Ferulic acid I B R R Xocova B B B 

Ferulic acid M B B - Zanamivir B R B 

Flavonoid B B      

*: Delta-SRBD+ACE-2 complex, M: molecular form, I: ionized form, B: bound, R: rejection,. PB: partly bound, -: 

not calculated because of rejection by ACE-2. 

Acidic compounds did not inhibit the binding except di- or tri-carboxy acids, where a carboxy 

group binds with a basic amino acid of the S-RBD, and the free carboxy group is repulsed from ACE-

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 January 2025 doi:10.20944/preprints202501.1042.v1

https://doi.org/10.20944/preprints202501.1042.v1


 10 of 51 

 

2. The most effective compounds are TCA organic acids such as citric and malic acid. The binding 

inhibition effects of several compounds were performed. First, the inhibitor candidates are adsorbed 

on the binding surface of S-RBD, then the complexes are faced to ACE-2, and the conformations are 

optimized. The optimized results are visualized in Figure 4. The complexes of S-RBD with weak 

infection power with acidic compounds are repulsed from ACE-2. 

A popular flu medicine Aspirin inhibited the binding of Omicron XBB.1.16 binding with ACE-

2. The initial conformation of XBB.1.16 and three Aspirins and their complex structure are shown in 

Figure 4A, and the initial conformation of XBB.1.16 and Asprin complex and ACE-2 and their 

complex structure are shown in Figure 4A. Further analysis was performed for Delta S-RBD, which 

exhibited stronger binding affinity compared to that of BQ.1 and XBB,1.16. The initial location of 

Delta S-RBD, three Aspirin molecules, and the optimized (complex) structure are shown in Figure 

4B. The initial conformation of the Delta-S-RBD and Aspirin complex and ACE-2 are shown in Figure 

4B, where Aspirin is indicated as a molecular color for easy identification. The in silico analysis 

demonstrated that it did not inhibit the binding of Delta S-RBD with ACE-2. The binding site was 

extracted, and the structure was detailed, where K478 of Delta-S-RGB should be rejected from the 

binding with R357 of ACE-2 because both amino acids are basic. However, Aspirin connected these 

amino acids. This result indicated that a single carboxy group might not effectively inhibit the binding 

of these proteins (S-RGB and ACE-2). This in silico model analysis indicates that a flu medicine 

Aspirin may inhibit COVID-19 S-PDB binding with the ACE-2 if strong basic amino acids do not exist 

at the binding site of S-RBD. Such in silico analysis of molecular interactions should help to 

understand the feasibility of binding inhibitors. The actual experiment using viruses is required 

before studying animal tests. Overdose of medicines should be avoided, as overtaking vitamins and 

amino acids has caused health problems.  

 

Figure 4A. Initial conformation of BQ.1 S-RBD and three Aspirin, and ACE-2 and BQ.1 three Aspirin complex 

and their optimized (repulsed) structure. 

 

Figure 4B. Initial location of Delta S-RPD and three Aspirin and the optimized complex structure of Delta-S-

RPD and three Aspirin complex, and ACE-2 and three Aspirin optimized structure. 
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3.1. Lactic Acid 

An inhibitor candidate lactic acid was bound on the S-RPD binding site, as shown in Figure 4C, 

where three molecular form lactic acids were used to cover the S-RBD binding site. The complex of 

Delta S-RPD and three lactic acids was located under the ACE-2 and optimized the conformation. 

The complex and the ACE-2 bound together. The lactic acid did not inhibit the binding. This is a 

pharmacological mistake. Lactic acid is ionized in physiological conditions. Therefore, ionized lactic 

acid should be used for the complex formation and binding inhibition study. Three ionized lactic 

acids were bound with Delta S-RPD, and the complex was located below the ACE-2 and optimized 

the conformation. Figure 4D shows that the ionized lactic acid inhibited the binding. This type of 

mistake was found in reports where an autodocking program was introduced.  

 

Figure 4C. Properties of docking inhibitor candidate of molecular form lactic acid. 

 

Figure 4D. Properties of docking inhibitor candidate of ionized form lactic acid. 

3.2. Acidic Compounds as Inhibitor Candidates 

The feasibility of these acidic compounds-binding inhibition was analyzed using the Delta 

variant. Acidic inhibitor candidates are ionized m-crboxyl-L-tyrosine, m-carboxyl-L-tyrosine N-

mannoside, citric acid, citric acid dimethyl, citric acid O-mannoside, citric acid di-O-mannoside, 

Ferulic acid, Gallic acid, Ibuprofen, Glycyrrhizic acid, mefenamic acid, nalidixic acid, naproxen, 

probenecid, and Cyonic acid. The residual amino acid of Delta S-RBD is K478, which binds one of 

these carboxy groups. These ionized form compounds inhibited the binding but not their molecular 

form compounds. The process of these compounds is shown in Figure 4E. However, the ionized 

carboxy group repulsed each other when these acids were located close together. One example is 

Nalidixic acid, which is repulsed, and only two Nalidixic acids are bound with Delta S-RBD. 
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Figure 4E. Performance of acidic compounds inhibited binding Delta and ACE-2. 

 The same analysis was performed for the Omicron BA.2.86 variant. The mutated amino acids 

of S-RBD are D339H, R403K, V445H, G446S, N450D, L452W, N481K, E484K, and R486P, and the 

mutation was complicated compared to the mutation of the Delta, whose spike mutations of interest 

were L452R, T478K, D614G, and P681R. The key amino acids for binding of BA.2.86 are R403K, 

N481K, and E484K. Especially, E484K enhances the binding. However, many acidic compounds 

inhibited the binding of the Delta and the ACE-2 but failed to inhibit the binding of BA.2.86 and the 

ACE-2. The fundamental docking study demonstrated that natural multi-carboxy acids inhibit the 

docking of S-RBD protein with ACE-2 enzyme but not inhibit ACE-2 enzyme activity. Malic acid 

inhibits the docking of Delta S-RBD and ACE-2, summarized in Table 3. Further, malic acid inhibits 

the docking of Omicron BA.2, which exhibits the strongest docking power with ACE-2. The 
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demonstration process follows: three malic acids are put above the Omicron BA.2 docking site, and 

the optimized structure is shown in Figure 4F. The complex faces ACE-2 and optimized the structure. 

The BA.2 malic acid complex is repulsed from ACE-2 (Figure 4F). The same result is exhibited for 

citric acid, which exhibits strong repulsion from ACE-2 (Table 3).  

The Osertrivir amino group is bound with a carboxy group of ACE-2 D38 and E329. It also bound 

peptide bridge carbonyl via hydrogen bond. Cytonic acid phenolic hydroxy group forms hydrogen 

bonds with both D36 carboxy and K353 amino groups. One Gallic acid contributes to the binding 

where a hydroxy group binds with the Q38 amino group. The other two Gallic acid hydroxy groups 

did not involve the binding. The Furosemide amino group binds with E35 and D38 carboxy groups 

via hydrogen bonding, and The ferulic acid phenolic hydroxy group binds to the D38 carboxy group. 

The last three compounds did not inhibit the binding, but these compounds mainly bound to ACE-2 

via hydrogen bonding. The results indicated that these acidic compound carboxy groups bound 

tightly with the BA.2.86 S-RBD via ion-ion interactions, and the binding to ACE-2 was weak hydrogen 

bonding. That is, the steric hindrance is a crucial factor in the affinity of the protein substitute.  

 The binding strength of S-RBD mutants and ACE-2 was calculated using a molecular mechanics 

program, and the optimized molecular interaction (MIFS) energy values demonstrated that Omicron 

BA. 2’s MIFS value was 1.4 times Delta MIFS and 2.7 times Alfa MIFS. The Omicron BA.2 S-RBD 

demonstrated the most vital transmissible strength. These mutant’s MIFS energy values increased 

from Alpha to Omicron BA2. 14 proposed medical treatment compounds did not show as the 

inhibitors to block the Omicron S-RBD and ACE-2 binding. A popular Omicron JN.1 is further 

mutated valiant from Omicron XBB.1.5 and exhibited stronger binding affinity with ACE-2 than that 

of BA.2.86. The mutation L455S increases the flexibility of JN.1, and the R454 mutation contributes 

strong binding affinity of JN.1. The binding strength of current popular KP.2 and KP.3 is around that 

of Delta. The calculated binding strength (molecular interaction energy kcal mol-1) of variants is Alfa 

(321.0) < Lambda (345.4) < WT (346.1) < RE.1 (350.6) < XBB1.5 (373.9) < EG.5 420.4) ≈ BQ.1 (424.6) ≈ 

Alpha+E484K (442.3) ≈ Omicron XBB.1.16 (443.8) ≈ Epsilon, Iota (465.4) < EG.5 (487.6) < Delta plus 

(511.3) ≈ Beta, Kappa B.1.621 (515.8) ≈ KP.3 (535.8) ≈ Kappa B.1.617.1 (544.6) ≈ Delta B.1.517.2 (594.2) 

< KP.2 (662.2) < BA.2.86 (726.1) ≈ JN.1 (737.5) ≈ HV.1 (756.0) ≈ BA.1 (761.7) < BA.2 (904.3) based on 

protein (S-RBD) and protein (ACE-2) interaction energy values, calculated using in silico analysis [73]. 

Malic acid and glycyrrhizinic acid inhibited the binding with ACE-2 except for Glycyrrhizinic and 

Crebs cycle acids. The analysis processes are shown in Figure 4G using JN.1 mutant, which 

demonstrated a similar binding affinity to ACE-2 to that of BA.2.86.  
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Figure 4F. Performance of TCA acids binding inhibition; these binding inhibitors are indicated as color 

molecules for easy identification of their binding location with S-RPD. 
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Figure 4G. Inhibition of glycyrrhizic acid of BA.2.86, BA.2, and JN.1 binding with ACE-2, these binding 

inhibitors are indicated as color molecules for easy identification of their binding location with S-RPD. 

 The results demonstrated that malic acid might inhibit the binding of the strongest binding 

capability, Omicron BA.2 with ACE-2. Citric acid was also exhibited as the binding inhibitor (Figure 

4F). The possible reason why acidic compounds inhibited Delta S-RBD and ACE-2 binding did not 

inhibit BA.2.86 and ACE-2 binding is the conformation of R454. Delta R454 is buried inside, but 

BA.2.86 R454 is located in a relatively open space; therefore, the R454 guanidyl group can bind with 

ACE-2. Such steric hindrance contributes to the binding. Computational chemistry can analyze 

chemical interactions quantitatively, but it is difficult to analyze biological interactions.  

 In physiological conditions, the carboxy group and some polyphenol phenolic hydroxy groups 

are ionized, and these ionized acidic groups are effectively repulsed from the ACE-2 binding site. The 

ionization of a phenolic hydroxy group can be estimated from the atomic partial charge values (unit: 

au) calculated by the MOPAC AM1 program. The failed conformations to inhibit the binding of 

BA.2.86 S-RBD and ACE-2 are not due to the ion-ion interactions between the inhibitor candidates 

and ACE-2.  

4. Practical Use and Modification of Known Medicines for Inhibiting the 

Infection 

The analysis of binding inhibitor candidates from binding strength with ACE-2 indicates that 

carboxy compounds were repulsed from the ACE-2 binding site where acidic amino acids line up; 

therefore, further modification of medical treatment candidates may produce an effective binding 

inhibitor. The modified PF-07321332, whose cyano group was replaced with a carboxy group based 

on precursor search in organic reaction, rejected the binding from ACE-2. The chemical structure of 

PF07321352 and the modified compound is shown in Figure 5.  

 
 

 

Figure 5. Original and modified stereo structure of PF 07321332, Molnupiravir, and Xacova where atoms are 

indicated as color or grayscale; nitrogen (blue or dark gray balls), oxygen (red or black balls), carbon (yellow or 

gray balls), hydrogen (small white balls), and fluorine (light green of light gray balls). Generally, fluorone atoms 

support the sterically stable structure. 

4.1. PF07321332 

 The complex structure of PF 07321332 and protein is PDB 7TLL[74]. The downloaded and 

corrected structure of 7TLL is shown in Figure 6A, where the location of PF07321332 is far from the 

S-RBD binding site with ACE-2. The modified PF 07321332 complex structure is also shown in Figure 

6A. The residual amino acids with 2.5Å from PF 07321332 and the modified PF 07321332 are shown 

in Figure 6B. The PF07321332 cyano group contacted N143, G143, C145, and E166. The cyano group’s 

main binding residual amino acids seemed to be cysteine and asparagine. Those of the modified 

PF07321332 were N142, G143, C145, E166, and H172. These Figures indicate that the replacement 

from PF 07321332 to the modified PF 07321332 did not cause significant complex conformation 

changes and seemed very identical. The interaction with the protein negatively shifted both the cyano 

and carboxy group atomic partial charge. The cyano and carboxy groups are circled for their 

identification.  
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Figure 6A. Conformation of PF 07321332 and modified PF 07321332 trapped protein  The cyano and carboxy 

groups are circled for their identification. 

 

Figure 6B. Amino acid residues within 2.5 Å from PF 07321332 and modified PF 07321332. 

 For the inhibition study, the feasibility of PF07321352 (PF) and the modified PF07321352 (mPF) 

was studied to determine whether these compounds inhibit the binding of Delta with ACE-2. The 

experimental protocol follows the constructed and optimized Delta and three PFs conformation 

(Figure 5). The optimized complex is located about 10Å below the part of ACE-2 and optimized these 

compounds to obtain their complex structure (Figure 7).  

 

Figure 7A. Initial conformation of Delta and three PF07321332 and their complex structure, Delta and three 

PF07321332 complex, and ACE-2 and their complex structure. 

The same study was performed for mPF. The initial conformation of Delta S-RBD, mPF complex, 

and ACE-2 and their optimized structures are shown in Figure 7B. 
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Figure 7B. Initial conformation of Delta and three modified PF07321332 and their complex structure, Delta and 

three modified PF07321332 complex, and ACE-2 and their complex structure. 

The original PF and Delta S-RBD complex was bound with ACE-2, but the mPF and Delta S-RBD 

complex was repulsed from ACE-2. The modification seems to be a promised approach for the 

effective use of PF 07321332.  

 Omicron BA.2 has the strongest binding strength with ACE-2; therefore, the feasibility of mPF 

was studied. First, three mPF molecules were located above Omicron BA.2 S-RBD, and the structure 

has optimized the structure where three mPF molecules were used to cover the binding site. The 

optimized complex of S-RBD and three mPF molecules faced an ACE-2 binding site, and these 

compounds were optimized. However, the complex was not repulsed and bound with the ACE-2, as 

shown in Figure 7C. The result indicated that even the modification of PF by the addition of a carboxy 

group might not inhibit the binding to ACE-2.  

  

Figure 7C. Initial conformations of BA.2 and three modified PF07321332 and their complex structure, BA.2 and 

three modified PF07321332 complex, and ACE-2 and their complex structure. 

Further study is carried out for Omicron BQ.1 mutant. Omicron BQ.1 bound ACE-2. Three PF 

07321332 molecules were located at 10Å above BQ.1 for covering the BQ.1 binding site, and the 

structure was optimized (complex structure in Figure 7D). Then, the PF07321332-bound complex was 

located below the ACE-2, and the complex structure was optimized. As a result, PF was sandwiched 

between BQ.1 and ACE-2, as shown in Figure 7D. The same experiment was performed for the 

modified PF07321332 (Figure 7E). The in silico analysis indicated that PF07321332 could not inhibit 

the binding of BQ.1 S-RBD binding with the ACE-2, but the modified PF07321332 can inhibit the 

binding of S-RBD mutants having weak binding strength with ACE-2. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 January 2025 doi:10.20944/preprints202501.1042.v1

https://doi.org/10.20944/preprints202501.1042.v1


 19 of 51 

 

 

Figure 7D. Initial conformations of BQ.1 S-RBD with three PF 07321332 molecules, the complex (optimized) 

structure of BQ.1 S-RBD with three PF 07321332 molecules complex, and ACE-2 and their optimized structure. 

 

Figure 7E. The initial position of Omicron BQ.1-S-RBD and modified PF-07321332 and Omicron BQ.1 and 

modified PF-07321332 complex and ACE-2 and their optimized structure. 

The original PF 07321332 and Delta S-RBD complex were bound with ACE-2, but the modified 

PF07321332 and Delta S-RBD complex were repulsed from ACE-2. Modification seems to be a 

promising approach for the effective use of PF07321332. The same approach was performed for 

modified Molnupiravir. 

4.2. Molnupiravir (EIDD-2801) 

 Large molecular size acidic molecules may inhibit the docking of S-RBD with ACE-2, and 

nitrogen groups bind with ACE-2 acidic amino acids. Reported drug candidates adsorbed with ACE-

2 even their docking position in SARS-CoV-2 protein is known. Therefore, the feasibility of another 

marketed medicine, Molnupiravir, was adsorbed on both Delta S-RBD and ACE-2. The experimental 

protocol was the same as that used for PF-07321332. The chemical structures of Molnupiravir and the 

modified compound are shown in Figure 5. Molnupiravir was modified; the hydroxy-amino group 

was replaced with a carbamate. The three original and modified Molnupiravir molecules are located 

about 10Å above the Delta S-SBD binding site, then optimized these complexes. Molnupiravir bound 

ACE-2 structure is shown in Figure 8A. These complexes were located about 10Å below the part of 

ACE-2 and optimized these complexes. The complex with the original Molnuporavir bound with 

ACE-2 (Figure 8B) and Molnupiravir did not inhibit the binding.  

 The same binding analysis was performed for modified Molnupiravir. The initial conformation 

of Delta S-RBD and three modified Molnupiravir molecules, their complex structure, and Delta S-

RBD, modified Molnupiravir complex, and ACE-2 and their optimized structures are shown in 

Figure 8B. The complex with the original Molnuporavir bound with ACE-2 and Molnupiravir did 

not inhibit the binding, but the modified molnupiravir inhibited the binding. The compound with an 

ionized carboxy group was rejected to bind with ACE-2 due to ion-ion repulsing. 
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Figure 8A. The initial position of Delta-S-RBD and Molnupiravir and Delta-s-RBD and Molnupiravir complex 

and ACE-2 and their optimized structure. 

 

 

Figure 8B. Initial conformations of Delta S-RBD and Omicron BA.2 with three modified Molnupiravir molecules, 

the complex (optimized) structure of Delta and BA.2 S-RBD with three modified Molnupiravir molecules 

complex and ACE-2 and their optimized structure. 

 The modified Molunupiravir bound side of Delta S-RBD was repulsed from ACE-2 and 

completely turned, as shown in Figure 8B. This in silico analysis indicated that Molnupiravir could 

not inhibit Delta S-RBD binding with the ACE-2, but the modified compound can inhibit the binding. 

However, modified Molnupiravir bound BA.2 was not repulsed from ACE-2. Further analysis is 

carried out for Omicron BQ.1. The initial conformation of Molnupiravir and BQ.1 and their complex 

structures and The initial conformation of BQ.1 and Molnupiravir complex with ACE-2 and their 

optimized structure are shown in Figure 8C.  
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Figure 8C. The initial position of BQ.1-S-RBD and Molnupiravir and BQ.1-S-RPF and Molnupiravir complex and 

ACE-2 and their optimized structure. 

Molnupiravir did not inhibit the binding of weak binding affinity BQ.1 with ACE-2. Therefore, 

the same analysis was performed for modified Molnupiravir. The initial conformation of BQ.1 and 

three modified Monlunipiravir and their optimized (complex) structure are shown in Figure 8D. 

 

Figure 8D. The initial position of BQ.1-S-RBD and modified Molnupiravir and BQ.1 S-RBD and modified 

Molnupiravir complex and ACE-2 and their optimized structure. 

The complex of BQ.1 with the modified Molnupiravir was repulsed from ACE-2. The compound 

with ionized carboxy compounds was rejected to bind with ACE-2 due to ion-ion repulsing. The 

Molnupiravir bound side was repulsed and completely turned. This in silico analysis indicated that 

Molnupiravir could not inhibit BQ.1 S-RBD binding with the ACE-2, but the modified compound can 

inhibit the binding. 

4.2. a. Improving the Performance of PF 07321332, Molnupiravir, and Xocova 

This demonstration indicates that multi-carboxy acids can inhibit the binding of Omicron BA.2, 

which exhibited the strongest binding power binding to ACE-2 (Table 3). These acids are candidates 

for making cocktail drugs; citric acid is the strongest docking inhibitor, but the taste is not good for a 

drug additive. Therefore, the feasibility of malic acid was studied for PF07321332, Molnupiravir, and 

Xocova. First, PF07321332, Molnupiravir, and Xocova malic acid complexes were constructed, and 

the complexes were put above the Delta binding site and optimized for the structures. The initial 

conformation of the optimized complex and ACE-2 shown in Figure 9 was optimized. Omicron BA.2 

malic acid molnupiravir complex was repulsed from ACE-2 (Figure 9).  

 Xocova is also a medicine to treat COVID-19 patients. It is a very basic compound and easily 

binds to the ACE-2 binding site via ion-ion interaction. Furthermore, replacing a group with a 

carboxy group like PF07321332 is difficult. The basic property easily makes a complex with carboxyl 

acid. The structure of Xocova is shown in Figure 5, where three nitrogen (blue or dark gray) rings 

indicate strong basic properties and fluorine atoms support the sterically stable structure. The Xocova 
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bound Delta S-RBD (Figure 9). The optimized structure exhibited that Xocova did not inhibit the 

binding. The effective use of Xocova may bind mRNA and inhibit multiplication but requires 

modification for cocktail use. Therefore, the feasibility of the cocktail with malic acid is studied. 

 

 

 

 

Figure 9. Binding inhibition of PF07321332, Molnupiravir, and Xocova as malic acid cocktails. 

 Xocoba (Ensitrelvir Fumaric Acid) is like an extended -alanine derivative and may bind RNA 

and/or DNA phosphate and inhibit the multiplication. Xocova was later modified as fumarate, and 

the drug activity improved (Ensitrelvir Fumaric Acid). It is a very basic compound and easily binds 

to the ACE-2 binding site via ion-ion interaction. Furthermore, replacing a group with a carboxy 

group like PF07321332 is difficult. The basic property easily makes a complex with carboxyl acid. The 

Xocova bound Omicron BA.2 S-RBD The complex faces ACE-2 and optimized the structure. The 

optimized structure exhibits that Xocova did not inhibit the binding.  
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4.2. b Further Analyses Using Omicron 2.86 and BA.2 

 The feasibility of the cocktail with malic acid was studied. The cocktail performances of 

PF07321332, Molnupiravir, and Xacova are shown in Figure 10.  
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Figure 10. Effect of cocktail medicines with malic acid. 

 PF07321332 and Molnupiravir did not inhibit the binding of BQ.1 with ACE-2; however, the 

modified PF07321332 and molnupiravir inhibited the binding of BQ.1 with ACE-2 but not for BA.2 

binding with ACE-2, and their malic acid complexes inhibited the binding. PF07321332, 

Molunupiravir, and Xocova cocktail with malic acid inhibited the binding with Omicron BA.2.86 and 

ACE-2.; however, the PF07321332 with a malic acid cocktail was not strong enough to inhibit the 

binding with BA.2. Xocova did not inhibit the binding of BA.2 with ACE-2; however, the malic acid 

complex inhibited the binding. These visualized Figures clearly exhibit the useful dose of cocktail 

medicines except PF07321332 malic acid complex. 

4.3. Cocktail Inhibitors 

There are two types of drugs. One is trapped by proteins and is not metabolized by the protein 

(enzyme). This type of compound is a suicide helper, and various acidic drugs have been developed 

against enzyme activity. Basic compounds (drugs) bind with the phosphate of DNA and RNA and 

inhibit the multiplication. Molnupiravir, having a basic compound, seemed to be an effective drug 

for binding with the phosphate of DNA and RNA; however, it does not inhibit the S-RBD and ACE-

2 binding. If these compounds are not trapped by ACE-2 and keep ACE-2 enzyme activities, they 

may work as active drugs. The modification is one solution, and a cocktail with another compound 

is another solution. Cocktail drugs consisting of a mixture of the drug candidate and acidic 

compounds may help the feasibility of the proposed compounds.   

4.3. a Barcitinib and Malic Acid Cocktail 

 Barcitinib (Figure 11) is a medicine for treating COVID-19 patients but is not an officially 

recommended medicine for COVID-19 patients. This molecule has an electron-rich cyano group that 

may be modified to a carboxy group like a modified PF07321332. However, three Barcitinib 

molecules-bound Delta S-RBD were not repulsed from ACE-2 (Figure 12). These results were applied to 

a popular FE.1 mutant. The mutation of amino acids of FE.1 S-RBD is similar to those of XBB.1.5; therefore, 

the stereo structure of XBB.1.5 was used for further analysis. Even XBB.1.5 has no strong binding (basic) 

amino acid with ACE-2 because K462 is located far from the binding site. 
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 The Baricitinib malic acid complex bound Delta S-RBD was repulsed from ACE-2. Delta has a 

strong binding affinity to ACE-2 and Omicron XBB.1.5, which has no basic amino acid at the binding 

site with ACE-2. Therefore, the binding repulsion effect of Baricitinib was studied using Omicron 

XBB.1.5. The Baricitinib bound XBB.1.5 (Figure 12) was partly bound to ACE-2, and Baricitinib 

bridged between ACE-2 A387 and XBB.1.5 Q498 (Figure 12). However, this binding is not a strong 

interaction like ion-ion interaction; therefore, it may be interrupted by the addition of malic acid. Their 

malic acid complexes inhibited the binding even though only two complexes were used for the docking instead 

of three complexes (Figure 12). 

  
 

Figure 11. Structure of Baricithinib, Clofazimine, and Zanamivir. 
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Figure 12. Binding and repulsion process of Barcitinib. 

4.3. b Clofazimine and Malic Acid Cocktail 

 Clofazine is an upper-limit compound of the rule of five and is used for the treatment of 

COVID-19 patients. This large-size molecule, Clofazimine, did not inhibit the Delta or XBB.1.5 

complexes to bind ACE-2. Clofazimine could not inhibit the binding of XBB.1.5 S-RBD Q498 and with 

ACE-2 A387. The location is circled (Figure 13). Their malic acid complexes inhibited the binding for the 

docking of Delta; however, two clofazimine and malic acid complexes on XBB.1.5 S-RBD;  therefore, the 

optimization of the conformation was achieved using the S-RBD with two Baricitinib and malic acid complexes 

(Figure 13).  

 

 

Figure 13. Binding and repulsion process of Clofazimine. 

4.3. c Zanamivir and Malic Acid Cocktail 

 Zanamivir has dual ion of a basic guanidino and acidic carboxy groups. The carboxy group 

should be repulsed from ACE-2 acidic amino acids, and the guanidino group should bind with the 

ACE-2 acidic amino acids. Malic acid forms a complex with the guanidino group but not with malic 

acid. Therefore, the initial conformation produces different conclusions. Zanamivir is different from 

Baricitinib and Clofazimine; the carboxy group did not bind well to the XBB.1.5 S-RBD binding site 

and kick off from the binding site at the optimization process with ACE-2. The XBB.1.5 (also EG.5) 

exhibits weak binding power with ACE-2, but the binding cannot be inhibited using these 

compounds without the cocktail dose.  

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 January 2025 doi:10.20944/preprints202501.1042.v1

https://doi.org/10.20944/preprints202501.1042.v1


 27 of 51 

 

 Three molecules are used to cover the S-RBD binding site. The results of Zanamivir were 

different from those compounds. The Zanamivir carboxy group inhibited the binding but could not 

inhibit ACE-2 K313 and D-RBD K444 binding. The location is circled in Figure 14. However, the 

Zanamivir does not form a complex with a malic acid due to ion-ion repulsion. The Zanamivir may 

not inhibit the multiplication of mRNA. Further details of other medicines will be visualized to help 

you understand their binding mechanisms easily. The in silico analysis provides fundamental 

chemistry, but the actual biochemical experiments are required as real drug candidates.  

 

 

Figure 14. Binding and repulsion process of Zanamivir. 

4.4. Further Study of Cocktail Applications 

 Omicron BA.2.86 is a current VOC. The binding strength is about the Delta but below that of 

Omicron BA.1 and 2. However, the BA.2.86 binding strength with ACE-2 is still stronger than 

previous Omicron BA.4 and 5 variants. The key mutations of Omicron BA.2.86 are N481K and E484K 

among I332V, D339H, R403K, V445H, G446S, N450F, L452W, and F486P. R403K reduces the binding 

strength, but E484K (replacing an acidic amino acid with a basic amino acid) strengthens the binding. 

Therefore, the property of six medicine candidates was investigated. The selected compounds were 

Chloroquine, Dalcetrapib, Deguetin, Dolutegravir, Ebselen, and Etravine. The in silico analytical 

method is the same as that previously described. Figure 15 shows their optimized structures. 

  The binding sites of PF07321332 and Molnupiravir are known, but these six compounds have 

no similarity to replace these known compounds. Ensitrelvir has two basic groups that may bind two 

phosphates of DNA and RNA, like derivatized -alanine, which was once an excellent target 

compound in medicines. These six compounds may not have the capability of PF07321332 and 

Monupiravir. TCA-cycle acids can inhibit the binding of the variant and ACE-2, and medicine is 

required to inhibit the multiplication of the protein. If these six compounds inhibit the multiplication 

of COVID-19 protein, the cocktail with organic acid may improve medical activity.  
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Figure 15. Structure of Chloroquine, Dalcetrapib, Deguetin, Dolutegravir, Ebselen, and Etravine, where atoms 

are indicated as color or grayscale; nitrogen (blue or dark gray balls), oxygen (red or black balls), carbon (yellow 

or gray balls), hydrogen (small white balls), and fluorine (light green of light gray balls). Generally, fluorone 

atoms support the sterically stable structure. 

 These compounds did not inhibit the binding of BA.2.86 S-RBD binding with ACE-2. 

Considering the covering of basic amino acids, organic acid should face the ACE-2 binding site. Their 

malic acid complexes were prepared for their cocktail dose, and their malic acid complexes bound S-

RBD were faced with an ACE-2 binding site, then optimized their conformations. The optimized 

structures of these six compounds are shown in Figure 16. These visualized Figures clearly exhibit 

the useful dose of cocktail medicines.  
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Figure 16. Optimized bound structures of Chloroquine, Dalcetrapib, Deguetin, Dolutegravir, Ebselen, 

and Etravine. 

4.5. Ivermectin and Malic Acid Cocktail 

Various drugs have been used for infected patients. Three of them are officially recommended. 

Many drugs have been applied, and the Pros and Cons of performance have been reported. 

According to Science-Doirect, 1198 scientific reports related to Ivermectin and COVID-19 have been 

published since 2019. The total number of research and review articles is 405 and 352, respectively. 

The balance indicates that the conclusion does not produce a clear answer. Therefore, the quantitative 

interaction of Ivermectin with COVID-19 protein was studied, and the actual conformations were 

visualized for the discussions. 

 The original structure (PDB 7mjk) consists of trimers; therefore, one protein with aspargine (N) 

bound saccharides that are eight 2-acetamido-2-deoxy--D-glucopyranose and four dimers (2-

acetamide-2-deoxy--D-glucopyranose-(1-4)-2-acetamido-2-deoxy--D-glucopyranose (large size 

molecules) was picked up (Figure 17). Only one glucoside is located in the S-RPD, and the location 

indicates that the glucoside may not be directly involved in the infection. Structures of these 

saccharides and Ivermectin are shown in Figure 18. Ivermectin is a glycoside; therefore, the binding 

of Ivermectin on the surface of the protein was examined. Four Ivermectins were adsorbed at 

different locations in the initial study (Figure 19). Many Ivermectins seem to cover the surface and 

inhibit the enzyme activity. The observation is supported by glycocalyx damage COVID-19 activity. 

++ 

Figure 17. Structure of WT protein. 
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Figure 18. Structure of conjugated. 

 

Figure 19. Ivermectin bound WT. 

Saccharides and Ivermectin 

Ivermectin-bound Delta S-RBD was not repulsed from ACE-2; therefore, the Ivermectin-malic 

acid complex was used to study the binding inhibition. The structure of the Ivermectin-malic acid 

complex adsorbed Delta S-RBD is shown in Figure 20. ACE-2 repulsed this complex. Ivermectin is 

adsorbed on both ACE-2 and the glycoprotein via hydrogen bonding but not strong ion-ion 

interaction. Therefore, the bind can be easily cut by other molecules like water. The carboxy and 

ionized phenolic hydroxy group should inhibit the binding, and oligosaccharides bound with 

glycoproteins and reduce the glycoprotein activity. The glycocalyx acts as a buffer between the cell 

and extracellular matrix and plays an important role in vascular homeostasis; therefore, it contributes 

to treating COVID-19 [75]. Glucosylation has a profound influence on protein activity and cell biology 

through a variety of mechanisms, such as protein stability, receptor interactions, and signal 

transformation [76]. Polyphenols affect glucose-induced metabolites [77] and inhibit the binding of 

S-RBD with ACE-2 [78]. Therefore, the binding of Ivermectin may damage S-RND activity.  
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Figure 20. Practical use of Ivermectin with malic acid as an inhibitor. 

The key mutations of Omicron BA.2.86 are N481K and E484K among I332V, D339H, R403K, 

V445H, G446S, N450F, L452W, and F486P. R403K reduces the binding strength, but E484K (replacing 

an acidic amino acid with a basic amino acid) strengthens the binding. These compounds did not 

inhibit the binding of BA.2.86 S-RBD binding with ACE-2. Considering the covering of basic amino 

acids, organic acid should face the ACE-2 binding site. Their malic acid complexes were prepared for 

their cocktail dose, and their malic acid complexes bound S-RBD were faced with an ACE-2 binding 

site, then optimized their conformations.  

 Various compounds have been applied for Covid-19 treatment. Acidic compounds of 

cannabinoids did block the cellular entry of SARS-CoV-2[79]. Effectiveness of several compounds 

such as Ursodeoxycholic acid [80], a combination of Nirmatrelvir and Ritonavir [81], fungal 

metabolites [82], Bruceine A [83], Gamabufotalin [83], VITAMIC BIOSEN [84], prophylactics [85], and 

Azvudine [86] was reported, and Sotrovimab remained weakly reactive and broadly neutralizing 

antibody SA55 was still highly effective [87]. However, Nirmatrelvir, Ritonavir, Bruceine A and D, 

Gamabufotalin, and Azvudine were adsorbed on the ACE-2 in the above experiment. 

Ursodeoxycholic acid was repulsed from the ACE-2. Further study is required for their practical use. 

 Omicron JN.1 is further mutated valiant from Omicron XBB.1.5 and exhibited stronger binding 

affinity with ACE-2 than that of BA.2.86. The JN.1 mutation of amino acid from leucine to serine 

(L455S) reduced the steric hindrance for the S-RBD binding with ACE-2 and enhanced the binding 

affinity [88,89]. The mutation L455S increases the flexibility of JN.1 R454. The mutation contributed 

to a strong binding affinity of JN.1; therefore, further extended study for JN.1 is necessary. Sweden 

experienced fewer deaths per population unit during pandemic seasons than most high-income 

countries and was comparable to neighboring Nordic countries [90], and the modified vaccine virus 

Anlara vector expressing the SARS-CoV-2 spike protein conferred full protection against SARS-CoV-

2 cerebral infection may be a promising vaccine candidate against SARS-CoV-2 [91]; therefore, we 

should study our immune system capability and further practical use of current practice medicines. 

Natural polyphenols are practically used to protect against inhibition. 

5. Binding Inhibition of Natural Compounds 

5.1. Cannabinoids  

Polyphenolic compounds of cannabinoids inhibited the binding of JN.1 depending on their 

chemical structures in physiological conditions. The original structures of these compounds in Figure 

21 are in molecular form but not ionized form [92]; therefore, these structures should be fixed in 

physiological conditions before autodocking. The molecular form Cannabinoids did not inhibit the 

S-RBD binding with ACE-2 but supported the binding. These compounds bind via hydrogen bonding 

between a cannabinoid carboxyl group and the residual amino acids. Ionized carboxy group binds 

tightly via ion-ion interaction or weak Lewis acid-base interaction. Figure 21 shows the structure of 

three compounds (CBCA, CBDA, and THCA-A), where ionized hydroxy groups are circled. The 
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ionization was estimated from the atomic partial charge calculated using MOPAC AM1 [93]. The 

feasibility of the inhibition mechanism of these compounds is shown in Figure 22.  

 

Figure 21. Optimized structures of cannabinoid acids. 

 

 

 

Figure 22. Optimization process of CBDA, CBGA, RHCA-A. 

 Cannabinoid acids exhibited the capability to inhibit COVID-19 infection; however, we should 

consider the side effects of cannabis components. Natural polyphenols can protect the infection. As 

many people suggest, colorful vegetables and fruits may keep us healthy. We should select plant 

products that have fewer side effects. 
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5.2. Curcumin 

 Curcumin is an inflammasome medicine that exists as an enoli-form in organic solvent and 

keto-form in water [94]. Therefore, the feasibility as a binding inhibitor was studied for both enol- 

and keto-forms. The dissociation of two phenolic hydroxy groups is not strong based on the atomic 

partial charge. The chemical structures are shown in Figure 23, where the ionizable hydroxy groups 

are circled. Their docking process is shown in Figure 24.  

 

Figure 23. keto- and enol-form curcumin. 

 

 

Figure 24. Analysis of binding inhibitors of keto- and enol-form curcumin. 

 The keto-form inhibited the binding, but the enol-form did not. The chemistry of different 

mechanisms was analyzed using simple molecule propionic acid instead of amino acid and ACE-2 

protein. The docked results of keto- and enol-form curcumin with propionic acid are shown in Figure 

25. Figure 26 clearly shows the deformed curcumins after optimization. The change of atomic partial 

charge was a little, but the keto-curcumin was twisted after optimization due to the strong repulsion 

of high electron density keto-oxygen. The results suggested that the selection of chemical structures 

will guide to a wrong conclusion and the necessary of the right design of inhibitor structure.  
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Figure 25. Model analysis of curcumin inhibition by an acid . 

 

Figure 26. Optimized structures of keto- and enol-curcumin after binding process. 

5.3. Polyphenols of Green and Black Rea 

Green and black tea components inhibited the binding of S-RBD with ACE-2 [95–99]. The 

components EGCG (Epigallocatechin gallate), TFDG (Theaflavin digallate), and Catechin are 

polyphenols. Phenolic compounds are classified as acidic compounds, but the dissociation constant 

of common phenolic compounds is more than 9; therefore, common phenolic compounds are neutral 

in physiological conditions. Generally, ionized acidic compounds inhibit the binding of S-RBD with 

ACE-2, and basic amino acids enhance the binding strength [73]. The molecular form phenolic 

compounds did not inhibit the binding and just adsorbed on the binding site; however, the 

dissociation constant (pKa) of EGCG, TFDG, and Catechin was not known. Therefore, the dissociation 

of these compounds was estimated from the atomic partial charge (apc) of their phenolic hydroxy 

groups. A pKa prediction method for acidic compounds used the apc value of the hydroxy group of 

oxygen and hydrogen calculated using the MOPAC AM1 program [100]. The method was applied to 

estimate the dissociation of green and black tea components. While the hydrogen partial atomic 

charge value exceeded 0.23 au, the pKa value was less than 7.5.  

  The calculated apc value of several hydroxy group hydrogen of these three compounds 

was more than 0.23 au [73], and these gallate hydroxy groups indicated the possible ionization 

because of their hydrogen apc values. The hydroxyl groups are circled in the Figure. Tea leaves' partly 

ionized acidic compounds were applied to binding inhibition analysis. First, the ionized compounds 

were docked at the S-RBD docking site, then the complex was faced to the ACE-2 docking site and 

optimized the structures. The processes are shown in the Figures. 

  
 

Figure 26. Polyphenols found in tea leaves and the inhibition effects. 
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These partly ionized phenolic compounds inhibited the binding of S-RBD with ACE-2. The 

Figure shows the inhibition of TFDG as an example. This in silico analysis supported that these 

phenolic compounds in tea indeed inhibit the binding of S-RBD with ACE-2. In addition, the binding 

strength of Omicron BA.2.86 was weaker than that of the Delta variant. 

6. Glycisydation (Glycosylation) as an Effective Derivatization 

Medicines against COVID-19 require two capabilities: inhibiting the multiplication and the 

binding of S-RPD with ACE-2. Designing medicine candidates for binding inhibition is not difficult 

due to the known binding mechanism. There are two medicines that clearly explain the multiplication 

inhibitors. However, many medicines and natural products have been used for the treatment. Natural 

phenolic compounds Noringenin, Prunin, and Narigin have been used as medicines. Naringin, 

Naringenin-7-rhamnoglucoside, is a disaccharide derivative that is (S)-Naringenin substituted by -

2-O-(-L-rhamnopyranosyl)--D-glucopyranosyl moiety at position 7 via a glucosidic linkage. It has 

a role as a metabolite, an antineoplastic agent, and an anti-inflammatory agent. It is a disaccharide 

derivative, a dihydroxyflavanone, a member of 4'-hydroxyflavanones, -(2S)-flavan-4-one and a 

neohesperidoside. The end saccharide of Naringin is -L-rhamnopyranose. This rhamnose was 

replaced with an acidic saccharide, D-@@glucopyranuronic acid, or D-galactopyranuronic acid. 

Additionally, -L-rhamnopyranose was replaced by acetylneuramic acid and glycolylneuraminic 

acid. Naringenin exhibited a potential anti-inflammatory role in COVID-19 infection [101]. 

Naringenin and naringin demonstrated palliative effects on various COVID sequelae exhibited 

various positive effects, including reducing inflammation, preventing viral infections, and providing 

antioxidants used potential as extended long COVID mediation [102]. Naringenin might exert 

therapeutic effects against COVID-19 through the inhibition of COVID-19 main protease, 3-

chymotrypsin-like protease, and reduction of angiotensin-converting enzyme receptors activity [103]. 

Naringenin may be a promising treatment strategy against COVID-19 [101–104]. Prunin and Narigin 

are Naringenin glycosides. c The structures of these compounds are shown in Figure 27, where 

probably ionizable phenolic hydroxy groups are circled. Their binding inhibition processes are 

shown in Figure 28. 

 

Figure 27. Chemical structure of Noringenin, Prunin, and Narigin. 

 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 January 2025 doi:10.20944/preprints202501.1042.v1

https://pubchem.ncbi.nlm.nih.gov/compound/%28S%29-naringenin
https://pubchem.ncbi.nlm.nih.gov/compound/%282S%29-flavan-4-one
https://doi.org/10.20944/preprints202501.1042.v1


 37 of 51 

 

 

 

Figure 28. Inhibition effect of Noringenin, Prunin, and Narigin. 

 Narinenin has three ionized phenolic hydroxy groups inhibited strongly. Glycosylated Prunin 

and Naringin having two ionized phenolic hydroxy groups, also inhibited the binding. Glycosylation 

did not affect the binding inhibition, and the glycoside side is attractive to bind glycoproteins. 

Glycosylation will be one potential approach for designing new medicines. 

 In physiological conditions, compounds with carboxy and ionized phenolic hydroxy groups 

inhibit the binding of COVID-19 S-RBD with ACE-2, including Omicron BA.2, which has the 

strongest binding affinity with ACE-2. The simplest binding inhibitor is citric acid even the 

mannoside inhibited the binding. Natural polyphenols also inhibited the binding. However, 

compounds with a single carboxy group were not strong enough as the inhibitor, and benzoic acid 

could not clearly inhibit the binding. The chemistry of the inhibition mechanism is simple: one basic 

amino acid of S-RBD binds with one carboxy group of inhibitor candidates, and an extra carboxy 

group is repulsed from ACE-2 lined acidic amino acids. The mechanism can be applied for 

polyphenol inhibition. At least two ionized phenolic hydroxy groups are required as the inhibitor 

candidate molecules. The second requirement as a practical medicine against COVID-19 is inhibiting 

multiplication. PF07321332 and Molnupiravir are recognized as medicines to inhibit multiplication, 

even if these compounds do not inhibit the binding of S-RBD with ACE-2. The modified PF0731332 

and Molnupiravir could inhibit the binding of Delta S-RBD [105]. In the previous study, polyphenol-

glycosides inhibited the binding of S-RBD with ACE-2. These results suggested that glycated acidic 

compounds should have two capabilities as inhibitors of multiplication and binding with ACE-2 as 

medicine candidates. Therefore, the acidic group effect for the inhibition was studied using Naringin, 

which inhibited the binding of S-RBD with ACE-2 [106].  

Sialic acids are 3-deoxy forms of monosaccharides [107] and are recognized for their 

bioactivities, including brain and cognition development, immune-enhancing, anti-hypertensive, 

anti-cancer, and skin-whitening properties [108]. Sialic acid exists at the end of oligosaccharides of 

membrane glycol-proteins, and many viruses engage sialylated glycan to bind to and infect cells [109]. 

It plays important roles in human physiology of cell-cell interaction, communication, cell-cell 

signaling, carbohydrate-protein interactions, cellular aggregation, development processes, immune 

reactions, reproduction, and in neurobiology and human diseases in enabling the infection process 

by bacteria and viruses, tumor growth, and metastasis, microbiome biology, and pathology. It 

enables molecular mimicry in pathogens that allows them to escape host immune responses. 
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Recently, sialic acid has found a role in therapeutics. Sialic acid-acquired surfaces that can affect the 

host-parasite interaction. Bacteria can process them by common pathways for sialic acid metabolism 

and use sialic acid in different roles, such as colonization, owing to its disease-causing property. Viral 

sialic acid-recognizing lectins or hemagglutinins can agglutinate red blood cells. Viruses use sialic 

acids linked to glycoproteins and gangliosides to attach to host cells, followed by their entry, for 

example, coronavirus, DNA tumor viruses, hepatitis virus, influenza viruses (A, B, and C), mouse 

polyomavirus, mumps, Newcastle disease virus (NDV), norovirus, parainfluenza viruses, rotavirus, 

and Sendai virus. Sialic acid-recognizing lectins from adenoviruses and picornaviruses have not been 

identified. [110].  

 Furthermore, the fact that many of these trials are validating trials (Phase 3 and 4) clearly 

indicates a strong desire to confirm the efficacy and safety of Ivermectin for COVID-19. A large 

number of 27 meta-analyses were conducted on the clinical trial results of Ivermectin against COVID-

19, with 15 concluding that Ivermectin was effective and 12 failing to demonstrate efficacy. These 

clinical trial results mainly focused on improving the condition of affected patients. Analysis of real-

time web-delivered trial results showed Ivermectin to be effective in early treatment, late treatment, 

and prevention of disease onset [111]. Ivermectin also enhances the effects of chemo and radiation 

therapy. It has a broad impact on the immune system, increasing immune offense against cancers. It 

also inhibits cancer cell cycles, helping prevent the formation of new cancer cells. The drug promotes 

the killing of cancer cells by inducing mitochondrial stress and prevents cancer survival by preventing 

new blood vessels, which transport energy and fuel to cancers, from forming near cancer cells. 

Ivermectin can kill cancer cells in a way that drives the host immune response—immunogenic cell 

death [112]. The Ivermectin action was multiple antiviral and host target activation; however, the 

precise action was not determined [113]. In silico analysis exhibited the adsorption of Ivermectin on the 

surface of SARS-CoV-2 protein, but Ivermectin did not inhibit the binding of S-RBD with ACE-2, and 

the TCA-acid complex inhibited the binding [114]. Therefore, the sialic acid effect was studied for 

designing medicine candidates against COVID-19, and the structures of modified Naringin are 

shown in Figure 29. 

 

Figure 29. Structures of modified Naringin: Methyl and carboxy groups are circled. 

These acidic glycoside-bound JN.1 S-RBDs were repulsed from ACE-2, even two glycosides 

were bound with S-RBD, and one glycoside was repulsed; however, the acidic glycosides enhanced 

the ACE-2 repulsion force. The experimental processes to analyze modified Naringenin glycosides 

are shown in Figure 30. 
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Figure 30. Repulsion effect of modified Naringenin glycosides: Naringenin glycosides are shown as color 

molecules. 

 Naringenin glucopyranuronic acid, Naringenin galactopyranuronic acid, Naringenin N-

acetylneuraminateglucoside, and Naringenin N-glycolylneuraminateglucoside inhibited the binding 

of JN.1 S-RBD with ACE-2. The next analysis is whether or not these modified Naringin glycosides 

bind with JN.1. These compounds were located near the 7mjk protein as performed for analyzing 

Ivermectin capability [115]. The locations of N-acetyl-D-glucosamine of 7mjk are indicated as full-

size molecules. The locations of acidic amino acids are indicated as half-atomic-size molecules. The 

four acidic modified Naringins are indicated as molecular color. The optimized structures are shown 

in Figure 31. 
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Figure 31. Binding of modified Naringin glycosides with SARS-CoV-2 protein PDB 7mjk: modified Naringin 

glycosides are shown as color molecules. Ivermectin and Naringin are references. 

 The initial locations of four modified Naringins are the same as those of Naringin and 

Ivermectin. These modified Naringins bound at location A shown in Figure 30. The original 

saccharides (N-acetyl-D-glucopyranose) are shown as color molecules at additional locations B-D of 

protein PSB 7mjk. Acidic amino acids of 7mjk small circles in Figure 3 are indicated as 0.5A atoms. 

After optimization, Naringenin-glucopyranuronate-glucoside and Naringenin-galactopyranuronate-

glucoside bound at four locations of 7mjk (B-E), Naringenin N-acetylnuraminate-glucoside bound 

only one location (C), and Naringin N-glycolylnuraminate-glucoside bound at two locations (B, C). 

 Acidic glycosides may improve the inhibition of the binding of S-RBD with ACE-2 and inhibit 

the binding at other locations of the SARS-CoV-2 protein. The modification of natural compounds 

may enhance them as active medicines. Oligossarides with sialic acid at their end oligomer contribute 

a specific action of the glycoproteins. However, whether or not the modified Naringin glycosides 

may act like Ivermectin inhibits COVID-19 action remains. These glycosides bound at the head of S-

RBD and inhibited the binding with ACE-2; however, the inhibition effect against the enzyme 

multiplication is not clear. 

 The above docking experiment exhibited that glycosides with sialic acid can inhibit the binding 

of S-RBD with ACE-2; however, sialic acids repulsed from SAES-CoV-2 (7mjk) protein except in the 

locations of A and C. The result indicates that the SARS-CoV-2 protein may bind with glycoproteins 

containing sialic acids at 7mjk A  location but may be repulse from 7mjk locations B and D, and 

ACE-2. The results suggested that the infection can be protected by covering 7mjk sites A and C using 

compounds that repulsed from ACE-2.  

 Glycosylation is an immune system-friendly modification; however, glucosylation produces 

Amadori compounds that produce oxygen radicals. We need skills for glycosylation reactions [116]. 

Glycosylation of albumin reduced the drug binding affinity significantly. Commercialized human 

serum albumin contains a large quantity of glycated albumin; therefore, the human serum albumin-

drug binding affinity values were varied without notice of the purity [117]. Therefore, people use 

clean animal serum albumin instead.  
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7. Discussion 

The mutation of COVID-19 is too fast, following the analysis of transmissibility and estimation 

of the multiplication are delayed. Preventing infection is an urgent subject. The previous analyses 

[75] suggested that the inhibitor candidates are citric acid and related Creb’s cycle organic acids, 

synthesized from glucose as normal metabolic processes.  

 Natural immunity is considered superior to vaccine-induced immunity. A growing body of 

literature provides evidence on natural immunity after COVID-19 infection that not only confers 

robust, durable, and high-level protection against COVID-19 [118]. Herbal medicine is exploring 

untapped therapeutic potential in neurodegenerative disease management [119], and various 

effective compounds have been identified in herbal medicines [120]. The in silico analysis of the 

binding inhibition by natural polyphenols supported the effect of food components that may inhibit 

the infection and help natural immunity. Several RNA vaccines are developing. mRNA vaccines 

produce new, toxic proteins to viruses and bacteria; however, the products are new intruders to our 

immune system that may cause some side effects. While we are healthy, our bodies can compete 

against intruders. However, aging and other incidents weaken our metabolic system, and our 

immune system is also weakened. Why not produce mRNA to recover our weakened metabolism? 

The best approach we can take now is to reconsider our eating habits and do certain exercises. 

Healthy lifestyle habits dramatically cut long-term CIVID-19 risks[121]. One example against 

COVID-19 infection is eating certain foods containing compounds that inhibit the S-RBD binding to 

ACE-2. Therefore, a balanced diet can protect against COVID-19 infection. Remain question is how 

to inhibit virus multiplication. The possible compounds are oligosaccharides that bind glycoproteins 

and reduce their activity. The oligosaccharide effect may support pros ivermectin. Various 

oligosaccharides and polyphenolic compounds are contained in natural foods. Therefore, eating 

colorful vegetables may protect us. 

    There are two types of drugs. One is trapped by proteins (enzymes) and is not metabolized 

by the protein. This type of compound is a suicide helper, and various acidic drugs have been 

developed against enzyme activity. Basic compounds (drugs) bind with the phosphate of DNA and 

RNA and inhibit the multiplication, but they work without specificity. Molnupiravir and Xacova 

have basic groups for binding with the phosphate of DNA and RNA; however, they do not inhibit 

the S-RBD and ACE-2 binding. PF07321332 was also trapped by ACE-2. If ACE-2 does not trap these 

compounds and keep the ACE-2 enzyme active, they may work as active drugs. The modification is 

one solution, and a cocktail with TCA acids is another solution. In physiological conditions, ionized 

carboxy and phenolic hydroxy groups can inhibit the S-RBS and ACE-2 binding.  

 New approaches have been reported; corticosteroids reduced the neuroinflammatory [122], 

Pemivibart remained moderately active against HN.1 sub-variants, and Sopabibart neutralized 

HN.1..1 but lost antiviral efficacy against KP.2.2, LB.1, and KP.3 [123]. Ibuzatrelvir robust antiviviral 

activity [124]. Oral administration of the GZ BL-P36 significantly improved survival and THE notable 

reduction in lung viral loads and lesions in the infection mouse model [125]. New proposed 

medicines have been available; however, the mutation is too fast to be controlled using medicines. 

Therefore, a simple solution to add inhibition capability is a cocktail dose using known medicine 

with TCA acids. It does not take time to apply a mixture for the treatment because TCA acids are not 

specific medicines and are contained in everyday foods. Even. We produce them in our metabolic 

pathways; kids primarily produce them a lot. Such cocktail drugs consisting of a mixture of the drug 

candidate and acidic compounds may help the feasibility of the proposed compounds. We must 

consider finding effective ways to treat people who suffer from COVID-19 as an urgent and foremost 

priority [126]. The quality control of the mRNA vaccines has been doubted, exceeding amounts of 

foreign DNA [127], and 62 undeclared chemical elements have been found in the various products 

[128]. Improving the quality of mRNA. mRNA-based medicines have gained great interest in both 

immunotherapy and nonimmunogenic applications. The mRNA production technique is improved 

by urgent mass production of COVID-19 vaccines. mRNA medicines present a double-edged sword; 

therefore, further study is required [129]. 
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8. Conclusion 

The fundamental study of ion-exchange group properties was achieved using bio-mimic ion-

exchange groups. The quantitative analytical method was successfully applied to the quantitative 

analysis of molecular interaction between a small molecule (substitute) and proteins (quantitative 

analysis of enzyme reactions). Furthermore, the method applied the quantitative analysis of protein-

protein interaction for quantitative analysis of Covid-19 variant transmissibility.  

 Acidic amino acids lined up at the ACE-2 binding site, and highly transmissible valiant’s S-RBD 

has mutated from acidic and neutral amino acids to basic amino acids. That is, ion-ion interaction 

enhanced the binding. Therefore, molecular interaction energy calculation between two amino acids 

supported the transmissibility. This calculation does not require a high-level computational chemical 

system. The direct calculation of molecular interaction energy values between valiant’s S-RBD and 

ACE-2 improves the precision of molecular interaction energy difference due to the effect of the steric 

hindrance of protein stereo structure. The key mutated amino acids are L452R, T478K, N440K, L452R, 

T478K, E484K, Q493R, and Q498R, and these multi-mutations to basic amino acids further enhanced 

the transmissibility.  

 The number of mutated amino acids of variant’s S-RBD was Alfa → Lambda → WT → FE.1 → 

XBB.1.5 → EG.5 → Delta plus → Beta → Kappa B 1.620 →  KP.3 → Kappa B1.617.1 → Delta B.617.4 

→ KP.3 → BA.2.86 → JN.1 → HV.1 → BA.1 → BA.2 = 1 → 2 → 0 → 3 → 4 → 4 → 3 → 3 → 2 → 25 → 

2 → 2 → 25 → 11 → 23 → 18 → 15 → 16 and the binding strength (affinity) was Alfa < Lambda < WT 

< FE.1 < XBB1.5 < EG.5 ≈ BQ.1 ≈ Alpha+E484K ≈ Omicron XBB.1.16 ≈ Epsilon, Iota < EG.5 < Delta plus 

≈ Beta, Kappa B.1.621 ≈ KP.3 ≈ Kappa B.1.617.1 ≈ Delta B.1.517.2 < KP.2 < BA.2.86 ≈ JN.1 ≈ HV.1 ≈ BA.1 

< BA.2. Delta has two mutated basic amino acids; however, BA.5, BQ.1.1, and XBB.1.16 have only one 

extra basic amino acid. This result indicates that the transmissibility is not due to the binding strength 

but the facile multiplication. Another possibility is that our immune system does not warn us that 

new viruses are as dangerous as we faced at the beginning. XBB.1.16 does not increase basic amino 

acid at the binding site, but the binding strength is enhanced. Worry-some will appear delta-related 

variants that have more basic amino acids at the binding site, and a few mutations are necessary 

(strong binding affinity with easy multiplication).  

 The current three medicines are considered to inhibit virus multiplication; however, S-RBDs 

bound with these medicines were not repulsed from the ACE-2 binding site. The replacement of a 

group with a carboxy group permitted the repulsion of a modified PF07321332 and a modified 

Molnupiravir. A common inhibitor was tricarboxylic acid cycle acids like citric acid and natural 

polyphenols; therefore, the cocktail dose with TCA acids should be effective in inhibiting infection. 

In addition, the capability of our killer cells has limitations to erase the invented viruses; therefore, 

compounds that inhibit the multiplication of viruses are required. The virus multiplication of strong 

binding affinity can be reduced by avoiding taking excess amounts of lysine and arginine used for 

their mutation. A modified oral drug seemed to inhibit the S-RBD binding with the ACE-2. 

Understanding the fundamental molecular interaction mechanisms can support designing new drug 

candidates. The binding strength is based on the mutation to basic amino acids. Acidic amino acids 

were repulsed from ACE-2 lined-up acidic amino acids. That is, the binding can be inhibited by the 

compounds having ionized acidic groups. Furthermore, the 82 medicine candidates were analyzed 

as the binding inhibitors from binding with ACE-2. Only carboxy compounds were repulsed from 

the ACE-2 binding site, indicating that further modification of medical treatment candidates may 

convert to an effective binding inhibitor. The most effective binding inhibitors are TCA acids and 

natural polyphenols also inhibit the binding. The glycosides bind saccharides of glycoproteins and 

reduce the glycoprotein activities.   

 The fundamentally basic compounds bind phosphate ions of DNA and RNA via strong ion-ion 

interaction. Acidic compounds are selectively bound proteins (enzymes) and damage enzymatic 

activity. Therefore, we must carefully use basic compounds for medical treatment because of the non-

selective binding, including normal DNA and RNA. TCA-cycle acids can inhibit the binding of the 

variant and ACE-2, and medicine is required to inhibit the multiplication of the COVID-19 protein. 
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We must consider finding effective ways to treat people who suffer from COVID-19 as an urgent and 

foremost priority. We need temporary help with vaccines; however, we must maintain our daily 

health by exercising and eating balanced food. We should avoid continuous vaccination to maintain 

our immune system as our normal condition against unpredictable viruses and bacteria. Continuous 

vaccination is like living in a greenhouse and eating supplements. People who used to live in such 

conditions are vulnerable outside of the greenhouse. The unbalanced habits seem to be clear evidence 

for COVID-19 transmissibility and mortality like diabetes. Understanding fundamental chemistry 

should help individuals reconsider their lifestyle, including vaccination and drugs; therefore, the 

contribution of natural polyphenols as binding inhibitors was investigated. 

Acknowledgments: The author appreciates Ivoyl P. Koutsaroff and his group for fruitful knowledge exchanges. 
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