
 
 

 

 

 
 

 

ABSTRACT 

           Background and objectives: This study aimed to study 

the interaction between the severe acute respiratory syndrome 

coronavirus 2 (SARS‑CoV‑2) spike protein complex and seven 

drugs that inhibit the angiotensin-converting enzyme 2.  

           Methods: Plots of protein-ligand interaction were 

obtained using the LigPlot software. In addition, binding 

energies in kcal/mol, hydrophobic interactions, and hydrogen 

bonds were determined. Autodock software v.1.5.6 and 

AutoDock Vina were used for the analysis of molecular docking 

processes. 

           Results: The only structure that interacted with the SARS

‑CoV‑2 spike protein was anakinra.  

Conclusion: Anakinra was the only drug that interacted with the 

SARS‑CoV‑2 spike protein. This could be further investigated 

for finding a temporary alternative medicine for the treatment of 

coronavirus disease 2019.  

           Keywords: Molecular Docking Simulation, SARS-CoV-2 

, Software. 
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Gasteiger method was used to calculate partial 

charges. Docking parameters were as follows: 

population size of 150, the maximum number 

of energy assessment range of 25.0000, the 

maximum generation number of 27,000, the 

mutation rate of 0.02, and the crossover rate of 

0.8. Other docking parameters were set to the 

software default values. After docking, the 

drugs were ranked according to their docked 

energy as implemented in the AutoDock 

software. The residue ASN 479 in the protein 

binding site was also chosen due to its possible 

specific hydrogen bonds.  This residue was set 

as a flexible residue, while the other residues 

were kept as rigid residues. Approximately, to 

get the most reliable results possible, 100 

cycles were performed to get a final binding 

position. The docking procedure was run, and 

the maximum negative final docking energy 

was calculated. During the docking simulation, 

population size and max steps were set to 150 

and 100, respectively. The central grid was at 

the experimentally determined binding sites. 

The LigPlot software was implemented for 

molecular docking to obtain protein-ligand 

interaction diagrams. This program 

automatically generates schematic diagrams of 

protein-ligand interactions for a given protein 

in a PDB file (Figure 2). Residues were 

identical for all seven drugs. The SARS-CoV-

2 S protein structure was constituted of strong 

hydrogen bonds and hydrophobic interactions 

that were observed in the protein-drug 

structure. 

 

RESULTS 

The docking study showed that the interaction 

of drugs with protein and residues was 

complex. The results showed that the best 

condition studied was the one which 

appropriately fitted to the protein binding site 

and formed the protein-drug complex. 

Therefore, optimal interactions and docking 

results were defined. Docking and molecular 

dynamic simulations were used in the 

molecular modeling protocol in silico, which 

depicted that the ASN479 group could have 

favorable interactions with the S1 subunit of 

SARS-CoV-2 S protein.  

The molecular modeling revealed that the 

orientation with plots, where the ASN residue 

479 was placed, showed interaction with drugs 

(Figure 1). In this position, asparagine within 

the SARS-CoV-2 S  protein  was  close  to  the  

INTRODUCTION 

In December 2019, a novel coronavirus called 

severe acute respiratory syndrome coronavirus 

2 (SARS‑CoV‑2) was reported in Wuhan, 

China. This new type of coronavirus can 

transmit from animals to humans. The spike 

(S) glycoprotein in this single-stranded RNA 

virus is divided into two subunits: S1 and S2. 

The S1 subunit is responsible for receptor 

binding, and the S2 subunit causes infection 

(1). Dry cough, fever, and restlessness are the 

most common symptoms of SARS-COV-2 

infection (2). Viral spikes could be seen as 20-

nm-long surface projections under an electron 

microscope (3). The virus uses the 

angiotensin-converting enzyme 2 (ACE2) 

receptor to facilitate viral entry into target 

cells. Studies have shown that S proteins in 

SARS-COV-2 and SARS-COV had about 

76.5% similarity in their amino acid sequence 

(4). Conversion of angiotensin 2 to angiotensin 

1, which prevents vascular inflammation, is 

one of the activities of the ACE2 enzyme (5).  

Hydroxychloroquine has been regarded as the 

drug of choice for the treatment of rheumatoid 

arthritis. A shared phenomenon between 

rheumatoid arthritis and SARS-COV-2 

infection is the elevation of B and T 

lymphocytes (6). This study aimed to study the 

interaction between the SARS‑CoV‑2 S 

protein complex and various ACE2 inhibitors 

that are commonly prescribed for 

inflammation including chloroquine antivirals 

(7-9), camostat, lamivudine, pepstatin (10, 11), 

losartan (6), ribavirin (12), and 

hydroxychloroquine  (13,14).  

 

MATERIALS AND METHODS  

Drugs were prepared using ChemDraw 8.0. 

The SARS-CoV-2 S glycoprotein (5wrg) from 

the Protein Data Bank (PDB) was used in 

molecular docking and dynamic simulation 

studies. Input protein structures were prepared 

by removing nonfunctional water molecules 

and adding hydrogen atoms. The molecular 

docking process was carried out using the 

AutoDock software (version 1.5.6) (Table 1) 

and AutoDock Vina (Figure 1). The global 

optimum binding position search was 

performed using a Lamarckian genetic 

algorithm. The drugs’ torsion angles were 

identified, and hydrogen atoms were added to 

the macromolecule. Bond distances were 

modified,  and  solvent  parameters were 

added to the 3D structure of  the  enzyme.  The  
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LEU478, LYS439, and ASP480 interacted 

with ASN479 by hydrophobic interactions 

(Figure 2a). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

residues that were connected by hydrophobic 

interactions and hydrogen bonds.  

In  the  case  of  anakinra,  TYR442,   TRP476,  
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Table 1-The binding energy between SARS-CoV-2 spike protein and the tested drugs 

 

Drug Binding energy 

(Kcal/mol) 

References 

(RMS) 

Ki (mM) 

Anakinra -0.35 307.04 558.08 

Chloroquine -2.93 7.17 311.03 

Comostat 17.73 304.78 0 

Favipiravir -2.97 313.83 6.6 

Lamirudine -2.93 312.36 7.07 

Lostartan -4.29 309.06 6.18 

Ribavirin -1.46 309.37 84.99 

 

 

Figure 1- The plots generated by Autodock Vina software. Complex interactions between SARS-CoV-2 

spike protein and a) anakinra (binding energy=-7.4 kcal/mol), b) chloroquine (binding energy=-7.2 

kcal/mol), c) camostat (binding energy=-8.8 kcal/mol), d) favipiravir (binding energy=-5 kcal/mol), e) 

lamivudine (binding energy=-6 kcal/mol), f) losartan (binding energy=-6.7 kcal/mol), g) pepstatin 

(binding energy=-9.5 kcal/mol), and h) ribavirin (binding energy=-6.9 kcal/mol) 
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In losartan, TYR440, ASP480, LEU478, and 

TYR442 interacted with ASN479 by 

hydrophobic interactions (Figure 2f). In 

ribavirin, TYR440, ASP480, LEU478, and 

TYR442 interacted with ASN479 by 

hydrophobic interactions (Figure 2h). 

Moreover, the results of the analyses done by 

LigPlot software showed the presence of 

hydrogen bonds between the drugs and the S 

protein. The orientations of these residues with 

the drugs were depicted by Autodock Vina 

(Figure 1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

enzyme of the RAS, which is secreted into the 

blood. The RAS is involved in respiratory 

illnesses, such as acute respiratory distress 

syndrome (ARDS) and acute lung injury 

during sepsis (5). Pulmonary edema, severe 

hypoxia, and accumulation of inflammatory 

cells are hallmarks of ARDS (10). One of the 

most common indications of ARDS is a strong 

inflammatory response, which is characterized 

by the release of proinflammatory cytokines 

(5). The effects of RAS on the cardiovascular 

system, particularly on blood pressure, 

vasoconstriction,   cell   growth,   and   cardiac 

In chloroquine, TYR440, ASP480, LEU478, 

and TYR442 interacted with ASN479 by 

hydrophobic interactions (Figure 2b). In 

camostat, LEU478, ASP480, and TYR440 

interacted with ASN479 by hydrophobic 

interactions (Figure 2c). 

 In favipiravir,  TYR442, TYR440, and 

LEU478 interacted with ASN479 by 

hydrophobic interactions (Figure 2d). In 

lamivudine, TYR442, TYR440, and ASP480 

interacted with ASN479 by hydrophobic 

interactions (Figure 2e).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCUSSION 

The role of interleukin-6 (IL-6) in the 

pathogenesis of several diseases including 

multiple myeloma, post-menopausal 

osteoporosis, and chronic autoimmune 

diseases has been demonstrated. Thus, potent 

IL-6 receptor antagonists are commonly used 

as an effective therapeutic tool (4). 

On the other hand, the renin-angiotensin 

system (RAS), which is a peptide-based 

system, has been classically recognized as a 

complex linear humoral system that controls 

cardiovascular, renal, and adrenal functions 

(1).  The  circulatory  protease,  renin,  is a key 

 
Figure 2-The plots generated by the LigPlot+ program. Hydrogen binding (blue line) and hydrophobic 

interactions (red line) pockets of SARS-CoV-2 spike protein-drugs complexes; a) anakinra, b) 

chloroquine, c) camostat, d) favipiravir, e) lamivudine, f) losartan, and h) ribavirin 
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remodeling have been well-documented (6). 

The purpose of this present study was to find 

potential anti-SARS-CoV-2 S protein drugs. 

As confirmed by persistently higher levels of 

IL-6, activated inflammation may have 

extensive and profound clinical implications 

for the treatment of arthritis (15, 16). Even 

when virologically contained, treated HIV-

infected individuals have considerably higher 

IL-6 levels in plasma compared to well-

matched uninfected controls (17). Cytokines 

are pleiotropic and influenced by the 

concentrations, presence, or absence of other 

cytokines. Once produced, these factors may 

act individually or together and directly or 

indirectly on infected cells, activating cellular 

components of the intrinsic system and/or 

promoting specific T- and B-cells’ adaptive 

responses to mediate anti-microbial effects 

(18-23).  

 

CONCLUSION  

Analysis of the number of hydrogen and 

hydrophobic bonds between the tested drugs 

and the S protein showed that the complex has 

a high number of intermolecular Van der 

Waals bonds, indicating the high affinity of the 

S protein for TYR442, TRP476, LEU478, 

LYS439, and ASP480. Theoretically,  losartan 

had the lowest binding energy in the docking 

simulations. However, comparing reference 

RMSs to expression  standard deviation and 

the consideration of  inhibitor constant, 

lamivudine,  followed  by  favipiravir, and 

chloroquine could be the most effective. 

Nevertheless, anakinra was the only drug that 

interacted with SARS-CoV-2 S protein in the 

simulations obtained by AutoDock Vina. 

 

ACKNOWLEDGEMENTS 

The author would like to acknowledge the 

cooperation and contribution of Mrs Mahnaz 

Balali and Farzaneh Razghandi.  

 

DECLARATIONS 

The author received no financial support for 

the research, authorship, and/or publication of 

this article. 

 

CONFLICT OF INTEREST 

The authors declare that there is no conflict of 

interest regarding the publication of this 

article. 

 

 

43/ Reihaneh Sabbaghzadeh 

 

Medical Laboratory Journal,  Mar-Apr, 2023; Vol 17: No 2 

 

https://www.biorxiv.org/content/10.1101/2020.01.30.927871V1.full
https://www.biorxiv.org/content/10.1101/2020.01.30.927871V1.full
https://doi.org/10.1101/2020.01.30.927871
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Prashant+Pradhan%2C+Ashutosh+Kumar+Pandey%2C+Akhilesh+Mishra%2C+Parul+Gupta1%2C+Praveen+Kumar+Tripathi1%2C+Manoj+Balakrishnan+Menon1%2C+James+Gomes1%2C+Perumal+Vivekanandan+and+Bishwajit+Kundu%2C+Unc
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Prashant+Pradhan%2C+Ashutosh+Kumar+Pandey%2C+Akhilesh+Mishra%2C+Parul+Gupta1%2C+Praveen+Kumar+Tripathi1%2C+Manoj+Balakrishnan+Menon1%2C+James+Gomes1%2C+Perumal+Vivekanandan+and+Bishwajit+Kundu%2C+Unc
https://www.tandfonline.com/doi/full/10.1080/22221751.2020.1719902
https://www.tandfonline.com/doi/full/10.1080/22221751.2020.1719902
https://pubmed.ncbi.nlm.nih.gov/31987001/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Jasper+Fuk-Woo+Chan%2C+Kin-Hang+Kok%2C+Zheng+Zhu%2C+Hin+Chu%2C+Kelvin+Kai-Wang+To%2C+Shuofeng+Yuan+%26+Kwok-Yung+Yuen%2C+Genomic+characterization+of+the+2019+novel+human+pathogenic+coronavirus+isolat
https://journals.asm.org/doi/full/10.1128/JVI.77.16.8801-8811.2003
https://doi.org/10.1128/jvi.77.16.8801-8811.2003.
https://pubmed.ncbi.nlm.nih.gov/12885899/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Berend+Jan+Bosch%2C+Ruurd+van+der+Zee%2C+Cornelis+A.+M.+de+Haan%2C+and+Peter+J.+M.+Rottier%2C+The+Coronavirus+Spike+Protein+Is+a+Class+I+Virus+Fusion+Protein%3A+Structural+and+Functional+Characteriza
https://doi.org/10.1002/j.1460-2075.1994.tb06931.x
https://doi.org/10.1002/j.1460-2075.1994.tb06931.x
https://pubmed.ncbi.nlm.nih.gov/7813426/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=R.Savino%2C+LCiapponi%2C+A.Lahm1%2C+A.Demartis%2C+A.Cabibbo%2C+C.Toniatti%2C+PRDelmastro%2C+S.Altamura+and+G.Ciliberto%2C+Rational+design+of+a+receptor+super-antagonist+of+human+interleukin-6%2C+The+
https://www.ingentaconnect.com/content/ben/iadt/2014/00000013/00000004/art00003
https://doi.org/10.2174/1871528113666140713164506
https://pubmed.ncbi.nlm.nih.gov/25019157/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ravinder+Reddy+Gaddam%2C+Stephen+Chambers+and+Madhav+Bhatia%2C+ACE+and+ACE2+in+Inflammation%3A+A+Tale+of+Two+Enzymes%2C+Inflammation+%26+Allergy%2C+Drug+Targets%2C+2014.&btnG=
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0038502
https://pubmed.ncbi.nlm.nih.gov/22693641/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hai-Yan+Jin%2C+Bei+Song%2C+Gavin+Y.+Oudit%2C+Sandra+T.+Davidge%2C+Hui-Min+Yu%2C+Yan-Yan+Jiang%2C+Ping-Jin+Gao1%2C2%2C+Ding-Liang+Zhu1%2C2%2C+Guang+Ning1%2C+Zamaneh+Kassiri3%2C+Josef+M.+Penninger6%2C+
https://journals.lww.com/co-nephrolhypertens/Abstract/2006/03000/Renal_and_vascular_hypertension_induced.12.aspx
https://doi.org/10.1097/01.mnh.0000203190.34643.d4
https://pubmed.ncbi.nlm.nih.gov/16481883/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ruiz-Ortega+M%2C+Esteban+V%2C+Rup%C3%A9rez+M%2C+S%C3%A1nchez-L%C3%B3pez+E%2C+Rodr%C3%ADguez-Vita+J%2C+Carvajal+G%2C+Egido+J%2C+Renal+and+vascular+hypertension-induced+inflammation%3A+role+of+angioten
https://jamanetwork.com/journals/jamacardiology/article-abstract/2696438
https://pubmed.ncbi.nlm.nih.gov/30090940/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&scioq=Granulomatous+lesions+of+the+skin.&q=Tianxi+Cai%2C+ScD%3B+Yichi+Zhang%2C+PhD%3B+Yuk-Lam+Ho%2C+MPH%3B+Nicholas+Link%2C+BA%3B+Jiehuan+Sun%2C+PhD%3B+Jie+Huang%2C+MS%3B+Tianrun+A.+Cai%2C+MD%3B+Scott+
https://link.springer.com/article/10.1007/s11897-013-0178-0
https://link.springer.com/article/10.1007/s11897-013-0178-0
https://doi.org/10.1007/s11897-013-0178-0.
https://pubmed.ncbi.nlm.nih.gov/24293035/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&scioq=Granulomatous+lesions+of+the+skin.&q=Mohammed+A.R.+Chamsi-Pasha%2C+MD1%2C+Zhili+Shao%2C+MD+PhD2%2C+and+W.+H.+Wilson+Tang%2C+MD2%2C+Angiotensin-Converting+Enzyme+2+as+a+Therapeutic+Target+for+Hear
https://onlinelibrary.wiley.com/doi/abs/10.1002/ddr.21656
https://doi.org/10.1002/ddr.21656.
https://pubmed.ncbi.nlm.nih.gov/32129518/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=David+Gurwitz%2C+Angiotensin+receptor+blockers+as+tentative+SARS%E2%80%90CoV%E2%80%902+therapeutics.+2020%2C&btnG=
https://www.mdpi.com/1420-3049/25/2/295
https://doi.org/10.3390/molecules25020295
https://pubmed.ncbi.nlm.nih.gov/31940798/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Julio+Caballero%2C+Considerations+for+Docking+of+Selective+Angiotensin-Converting+Enzyme+Inhibitors%2C+molecules%2C+2020%2C+25%2C+295.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Julio+Caballero%2C+Considerations+for+Docking+of+Selective+Angiotensin-Converting+Enzyme+Inhibitors%2C+molecules%2C+2020%2C+25%2C+295.&btnG=
https://www.nature.com/articles/nrmicro2090
https://doi.org/10.1038/nrmicro2090
https://pubmed.ncbi.nlm.nih.gov/19198616/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Lanying+Du%2C+Yuxian+He%2C+Yusen+Zhou%2C+Shuwen+Liu%2C+Bo-Jian+Zheng%E2%88%A5%2C+and+Shibo+Jiang%2C+The+spike+protein+of+SARS-CoV+-+a+target+for+vaccine+and+therapeutic+development%2C+Nat+Rev+Microbi


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

13. Haibo Zhang, Josef M. Penninger, Yimin Li, 

Nanshan Zhong and Arthur S. Slutsky, 

Angiotensin-converting enzyme 2 (ACE2) as a 

SARS-CoV-2 receptor: molecular mechanisms and 

potential therapeutic target, Intensive Care Med, 2020. 

[DOI:10.1007/s00134-020-05985-9] 
 

14. Yun Chen et al., Biochemical and Biophysical 

Research Communications, 2020. 

15. Vaidya KA, Kadam AV, Nema V. Anti-Retroviral 

Drugs for HIV: Old and New. Austin Journal of 

HIV/AIDS Research. 2016; 3(2): 1026. [View at 

Publisher] [Google Scholar] 
 

16. Borges ÁH, O'Connor JL, Phillips AN, Rönsholt FF, 

Pett S, Vjecha MJ, et al. Factors Associated With Plasma 

IL-6 Levels During HIV Infection. J Infect Dis. 2015; 

212(4): 585-95. [DOI:10.1093/infdis/jiv123] [PubMed] 

[Google Scholar] 
 

17. Osuji FN, Onyenekwe CC, Ahaneku JE, Ukibe NR. 

The effects of highly active antiretroviral therapy on the 

serum levels of pro-inflammatory and anti-inflammatory 

cytokines in HIV infected subjects. J Biomed Sci. 2018; 

25(1): 88. [View at Publisher] [DOI:10.1186/s12929-

018-0490-9] [PubMed] [Google Scholar] 
 

18. Rogez-Kreuz C, Manéglier B, Martin M, Dereuddre-

Bosquet N, Martal J, Dormont D, et al. Involvement of 

IL-6 in the anti-human immunodeficiency virus activity of 

IFN-tau in human macrophages. Int Immunol. 2005; 

17(8): 1047-57. [View at Publisher] 

[DOI:10.1093/intimm/dxh285] [PubMed] [Google 

Scholar] 
 

19. By Rachel A. Burke, Pharm.D., BCACP; and Nicole 

D. White, Pharm.D., Biologic Disease-Modifying 

Antirheumatic Drugs, PSAP 2014. [Google Scholar] 
 

20. H. Haibel and C. Specker, Disease-modifying anti-

rheumatic drugs in rheumatoid arthritis and ankylosing 

spondylitis, CLINICAL AND EXPERIMENTAL 

RHEUMATOLOGY 2009. 
 

21. Furuta Y, Takahashi K, Shiraki K, Sakamoto K, 

Smee DF, Barnard DL, et al. T-705 (favipiravir) and 

related compounds: Novel broad-spectrum inhibitors of 

RNA viral infections. Antiviral Res. 2009 Jun;82(3):95-

102. [View at Publisher] 

[DOI:10.1016/j.antiviral.2009.02.198] [PubMed] 

[Google Scholar] 
 

22. Singh JA, Hossain A, Tanjong Ghogomu E, Kotb A, 

Christensen R, Mudano AS, et al. Biologics or tofacitinib 

for rheumatoid arthritis in incomplete responders to 

methotrexate or other traditional disease-modifying anti-

rheumatic drugs: a systematic review and network meta-

analysis. Cochrane Database Syst Rev. 2016; 

2016(5):CD012183. [View at Publisher] 

[DOI:10.1002/14651858.CD012183.] [PubMed] 
 

23. Marc C. Stuart, Maria Kouimtzi, Suzanne R. Hill. 

WHO Model Formulary. World Health Organization. 

2008. [View at Publisher] [Google Scholar] 

 

 

 

 

 

 

 

 

 

How to Cite: 

Sabbaghzadeh R [The Suggestion of a Drug for COVID-19 with Molecular Docking ]. mljgoums. 2023; 17(2): 39-44 DOI: 

10.29252/mlj.17.2.39 

 

 

 

 

44/ The Suggestion of a. . . 

 

Medical Laboratory Journal,  Mar-Apr, 2023; Vol 17: No 2 

 

https://doi.org/10.1007/s00134-020-05985-9
https://austinpublishinggroup.com/hiv-aids-research/fulltext/ajhr-v3-id1026.pdf
https://austinpublishinggroup.com/hiv-aids-research/fulltext/ajhr-v3-id1026.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Vaidya+KA%2C+Kadam+AV+and+Nema+V%2C+Anti-Retroviral+Drugs+for+HIV%3A+Old+and+New%2C+Austin+Journal+of+HIV%2FAIDS+Research%2C+2016.&btnG=
https://doi.org/10.1093/infdis/jiv123
https://pubmed.ncbi.nlm.nih.gov/25722296/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%C3%81lvaro+H.+Borges%2C+Jemma+L.+O%27Connor%2C+Andrew+N.+Phillips%2C+Frederikke+F.+R%C3%B6nsholt%2C+Sarah+Pett%2C+Michael+J.+Vjecha%2C+Martyn+A.+French%2C+and+Jens+D.+Lundgren1%3B+for+the+INSIGHT+SM
https://jbiomedsci.biomedcentral.com/articles/10.1186/s12929-018-0490-9
https://doi.org/10.1186/s12929-018-0490-9
https://doi.org/10.1186/s12929-018-0490-9
https://pubmed.ncbi.nlm.nih.gov/30501642/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&scioq=%C3%81lvaro+H.+Borges%2C+Jemma+L.+O%27Connor%2C+Andrew+N.+Phillips%2C+Frederikke+F.+R%C3%B6nsholt%2C+Sarah+Pett%2C+Michael+J.+Vjecha%2C+Martyn+A.+French%2C+and+Jens+D.+Lundgren1%3B+for+the+INSIGH
https://academic.oup.com/intimm/article/17/8/1047/683477
https://doi.org/10.1093/intimm/dxh285
https://pubmed.ncbi.nlm.nih.gov/15976033/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&scioq=%C3%81lvaro+H.+Borges%2C+Jemma+L.+O%27Connor%2C+Andrew+N.+Phillips%2C+Frederikke+F.+R%C3%B6nsholt%2C+Sarah+Pett%2C+Michael+J.+Vjecha%2C+Martyn+A.+French%2C+and+Jens+D.+Lundgren1%3B+for+the+INSIGH
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&scioq=%C3%81lvaro+H.+Borges%2C+Jemma+L.+O%27Connor%2C+Andrew+N.+Phillips%2C+Frederikke+F.+R%C3%B6nsholt%2C+Sarah+Pett%2C+Michael+J.+Vjecha%2C+Martyn+A.+French%2C+and+Jens+D.+Lundgren1%3B+for+the+INSIGH
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&scioq=%C3%81lvaro+H.+Borges%2C+Jemma+L.+O%27Connor%2C+Andrew+N.+Phillips%2C+Frederikke+F.+R%C3%B6nsholt%2C+Sarah+Pett%2C+Michael+J.+Vjecha%2C+Martyn+A.+French%2C+and+Jens+D.+Lundgren1%3B+for+the+INSIGH
https://www.sciencedirect.com/science/article/abs/pii/S016635420900240X
https://doi.org/10.1016/j.antiviral.2009.02.198
https://pubmed.ncbi.nlm.nih.gov/19428599/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&scioq=Granulomatous+lesions+of+the+skin.&q=Yousuke+Furuta+et+al.%2C+T-705+%28+favipiravir%29+and+related+compounds%2C+Antiviral+Research%2C+82%282009%29+95-102.&btnG=
https://www.cochrane.org/CD012591/MUSKEL_biologics-or-tofacitinib-rheumatoid-arthritis
https://doi.org/10.1002/14651858.CD012183.
https://pubmed.ncbi.nlm.nih.gov/27175934/
https://apps.who.int/iris/handle/10665/44053
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&scioq=By+Rachel+A.+Burke%2C+Pharm.D.%2C+BCACP%3B+and+Nicole+D.+White%2C+Pharm.D.%2C+Biologic+Disease-Modifying+Antirheumatic+Drugs%2C+PSAP+2014.&q=Marc+C.+Stuart%2C+Maria+Kouimtzi%2C+Suzanne+R.+Hill.+W
file:///E:/semnani/2020/4%20Jul-Aug%202020/1-article%20A-10-913-1-nasir/10.29252/mlj.14.4.1

