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Introduction  

Osteoporosis is a condition of a reduced bone substance 

compared to normal conditions so that the bones become brittle.1 This 

condition is more experienced by women, especially during post-

menopause. In Indonesia, 8.5 million out of 222 million Indonesians 

have osteoporosis, and along with the increase in population, it is 

estimated that the number of sufferers of osteoporosis will increase to 

11.5 million in 20502. The current treatment of osteoporosis refers to 

increasing bone density.3  In addition, several drugs, such as the 

bisphosphonate class, raloxifene, calcitonin, and tibolone, are often 

used to build bones, compact bones, and inhibit the process of 

osteoporosis4. However, increasingly brittle and thinner bones are also 

caused by hormone production, the ageing process, and the formation 

of free radicals due to oxidative stress by Reactive Oxygen Species 

(ROS) which can stimulate bone resorption.5 Oxidative stress is the 

result of excess ROS production in the body. ROS contains one or more 

unpaired electrons, so they are very reactive to stabilize their electron 

balance. 
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ROS production increases with age and is associated with several 

chronic diseases including osteoporosis. 

Hanjeli (Coix lacryma-jobi) is a plant that grows a lot in Indonesia. One 

of the phytochemicals in hanjeli is ethyl cinnamate. Hanjeli fruit 

synthesizes ethyl cinnamate in large quantities during ripening, which 

reaches 90% of the total carotenoid fraction6,7. Several studies showed 

the potential of ethyl cinnamate in the health sector, and one of them 

showed a direct correlation between serum ethyl cinnamate and a 

reduced risk of osteoporosis among postmenopausal women8. To find 

out the activity of ethyl cinnamate in antiosteoporosis, it is necessary to 

make a preliminary test using the in silico molecular docking method. 

The molecular docking technique in silico can be used to predict the 

interaction process of a protein with a ligand so that the molecular 

mechanism can be known. This method can increase the effectiveness 

and efficiency of research to find new drugs. Therefore, this research is 

very important to investigate the mechanism of ethyl cinnamate in 

preventing osteoporosis through the neutralization of free radicals by in 

silico induction of reactive oxygen conversion into water molecules by 

endogenous antioxidants (SOD proteins and GPx). 

 

Materials and Methods  

The GC-MS analysis 

The   GC-MS   technique is used to identify the phytochemical 

compounds contained in a plant. It is a process of gas chromatography, 

detecting volatile substances and compounds, while mass spectrometry 

is the process of identifying molecular compounds through molecular 

weights and determining their molecular formulas. The GC-MS method 
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Free radicals, reactive oxygen species (ROS), and reactive nitrogen species (RNS) can trigger 

oxidative stress, known to be responsible for the downregulation of Superoxide Dismutase (SOD) 

and Glutathione Peroxidase (GPx), known endogenous antioxidants. Ethyl cinnamate is a 

bioactive component of Coix lacryma-jobi with strong antioxidant activity with a potential to 

suppress ROS which could be useful in the prevention of osteoporosis. Molecular docking is a 

cost-effective method to determine the biological activity of molecules through virtual interactions 

with related protein targets in biological systems. This study aimed to determine the 

antiosteoporotic activity of Ethyl cinnamate from hanjeli fruit using in silico methods. The 3D 

structures of the target proteins (SOD and GPx) were retrieved from the RCSB Protein Data Bank, 

while the ligand (Ethyl cinnamate) was obtained from GC-MS analysis of Coix lacryma-jobi 

extract. The proteins were prepared for docking using the Chimera 1.10.1 software, while the 3D 

structure of the ligand was optimised using the HyperChem 8 software. The molecular docking 

process was done using the Autodock 4.2 software. The results of the study indicated that Ethyl 

cinnamate interacted with putative sites of SOD and GPx proteins, with binding free energy of -

0.75 and -1.61 kcal/mol, respectively. The results showed that Ethyl cinnamate from the hanjeli 

plant has the potential to neutralise free radicals through the upregulation of endogenous SOD and 

GPx responsible for the inhibition of oxidative stress implicated in bone resorption. This 

preliminary in silico study shows that Ethyl cinnamate has the potential to prevent oxidative stress 

and can be useful in the management of osteoporosis. 
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is very suitable for volatile essential oils. Before the real operation, the 

instrument was checked for gas flow starting at a low flow rate by 

opening the main and secondary valves on the carrier gas tank until it 

showed the 15-psi needle; this allows 2–5mL/min carrier gas flow for 

the packed column or 0–5 mL/min for the capillary column.  The 

column was heated to the desired initial temperature.  Then, the detector 

temperature was set at 10–25 °C higher than the column temperature, 

and so was the injection port temperature. The speed (rate) of the gas 

flow was then increased to 25–30 ml/minute in the packing column, or 

until the optimum gas flow rate was achieved. When using a flame 

ionization detector, it is necessary to pay attention to the presence of 

hydrogen gas and air flowing into the detector.  The sample was 

dissolved in a volatile solvent, and the volume of the sample injected 

depended on the type of detector used. For this purpose, in the GC-MS 

tool, the settings are as follows TCD = 10 l, FID = 1–10 l, BCD = 0.1–

5 l with a micro syringe, during elution was during the passage of the 

sample from the injection port to the signal detector. From this detector, 

it would be recorded as a chromatogram on a simple recorder or 

processed by a microprocessor and displayed on the monitor screen. 

The chromatogram is displayed by the microprocessor to determine 

each component simultaneously8. 

 

Preparation of Ligands and Comparative Compounds 

The Ligand sample (ethyl cinnamate) was obtained from GC-MS 

analysis of the essential oils of Coix lacryma-jobi (Figure 1). The 3D 

structures of the proteins (SOD (PDB id: 1mfm) and GPX (pdb id: 2f8a) 

downloaded from http://www.rcsb.org/pdb/home.do.) in *pdb 

format. The proteins were prepared by removing water molecules, 

heteroatoms, etc, and saved in pdbqt (Protein Data Bank, Partial Charge 

(Q), & Atom Type (T)) format.6 The 2D structure of ethyl cinnamate 

was downloaded from https://pubchem.ncbi.nlm.nih.gov/compound/4 

46925 and converted to 3D and optimized using the HyperChem 8 

application. The study used a Windows 10 64-bit computer, with 

AutoDockTools 4.2 HyperChem 8, Chimera 1.10.1, and Open Babel 

programs7.  

 

Protein Preparation Works 

SOD and GPx protein preparation was carried out by separating the 

protein from its native ligand using the Chimera 1.10.1 application7,9. 

 

Ethyl cinnamate 3D Structure Optimization 

The downloaded 2D structure of ethyl cinnamate was converted into 3D 

and optimized using the HyperChem 8 application. The AM1 semi-

empirical computational method was used with single-point 

calculations and geometry optimization7,10.  

 

Molecular Docking Method Validation 

The molecular docking method was validated by docking the native 

ligand on a protein that had its native ligand (Malonic acid) removed 

using the Autodock 4.2 application with the RMSD parameter. This 

application is used to remove or separate native ligands and residues in 

the form of water molecules by clicking on the residues to be removed. 

This system will open the ligand to be used so that the ligand will 

automatically minimize its energy.6,9,10.  

 

Ethyl cinnamate docking on SOD and GPx protein. 

The optimized ethyl cinnamate compound was docked to SOD and GPx 

proteins, which had their native ligand removed using the Autodock 4.2 

application. The analysis results show the lowest binding energy 

conformation for binding to the target protein6,7,11. 

 

Data Analysis and Method Validation 

The result of molecular docking was bond energy. The bond energy 

value indicated the strength of the bond between the compound and the 

receptor. The lower the bond energy value was, the stronger and more 

stable the bond. The validation process in this in silico test was carried 

out through re-docking of native ligands that had been downloaded and 

prepared using the Discovery Studio Visualizer® application. Receptor 

validation was performed three times using the PyRx-Vina® 

application. The parameter observed at this stage is the RMSD (Root 

Mean Square Deviation) value resulting from re-docking the native 

ligand with its protein.11 The method is said to be valid and good if the 

resulting RMSD value is < 2.12 

 

Results and Discussion 

Coix lacryma-jobi have become attractive therapeutic compounds for 

the treatment of various human chronic diseases because of their high 

effectiveness, low toxicity, and few side effects.13 The present study 

identified ethyl cinnamate and demonstrated their regulatory effects on 

osteoblasts and osteoclasts in a SOD protein and GPx-dependent 

manner. This may provide new leads for the development of novel anti-

osteoporotic drugs and help elucidate the mechanism of action of these 

screened compounds. A study reported that a high-throughput screening 

method with a Z0 value greater than 0.5 was sensitive and excellent.14 

To evaluate the sensibility of the ethyl cinnamate-based drug screening 

system, the Z0 factor was calculated for the screening system and found 

to be 0.65, indicating that the sensibility of our screening method was 

excellent.15 

Molecular docking is a theoretical simulation method that mainly 

studies the binding mode and affinity between molecules (such as 

ligands and receptors). Through the prediction of the affinity, as 

represented by the docking score, it can compare the affinity of each 

ligand and protein quickly so many compounds can be screened 

successfully15,16. In this study, we investigated the binding mode and 

affinity between molecules and ethyl cinnamate. The structures of the 

proteins without the native ligand and the structure of the native ligand 

that has been separated from the proteins are shown in Figure 1 (A-D).  

Ethyl cinnamate derived from hanjeli fruit was obtained from the results 

of GC-MS analysis of hanjeli fruit essential oil (Figure 2). The 

downloaded 2D structure of ethyl cinnamate was converted into 3D and 

optimized using the HyperChem 8 application with the AM1 semi-

empirical method as well as single point calculations and geometry 

optimization to obtain the most stable 3D structure of ethyl cinnamate 

with the lowest structural energy value. The energy when a single point 

calculation was carried out was -11310.758 kcal/mol; then, with 

geometry optimization, the structure's energy decreased to -11359.031 

kcal/mol. When geometry optimization is done, the structural energy 

can be minimized to obtain the most stable structure. The 3D structure 

of ethyl cinnamate due to geometry optimization is shown in Figure 3. 

A hydrogen bond occurs between a hydrogen atom (H) in one molecule 

and one atomic element (F, O, N) in another molecule, which is the 

strongest dipole-dipole force17. In biological systems, nitrogen or 

oxygen atoms are donors and acceptors, especially atoms in the amine 

(-NH2) and hydroxyl (-OH) groups. Due to the polar nature of the N-H 

and O-H bonds, the H atoms can hydrogen bond with acceptor atoms.7 

Hydrogen bonds are stable and have strong bonds if they have a bond 

length of < 2.7,18 The smaller the hydrogen bond distance between the 

ligand and the acid group is, the greater the affinity value. The smaller 

the bond distance is, the stronger the bond and not easily separated.18 

Hydrophobic bonds are nonpolar molecules that do not contain 

hydrated ions or have a dipole moment. This happens because, in water, 

these molecules are insoluble.17 This binding is important in the process 

of combining the nonpolar region of the ligand with the nonpolar region 

of the receptor. The nonpolar region of the water-insoluble molecule 

and the surrounding water molecules will combine through hydrogen 

bonds to form a quasi-crystalline structure (icebergs).19 Hydrophobic 

binding is a parameter of the strong amino acid interaction between the 

ligand and the receptor which is useful in helping to maintain the 

binding conformation.20  

The validation of the molecular docking method was carried out by 

docking the native ligand on the SOD and GPx proteins using the 

Autodock 4.2 program. At this stage, adjustments were made to the 

coordinates of the site of interaction in the Autodock 4.2 application by 

setting the grid centre and grid size. The parameter validation method 

used was the RMSD value. RMSD is a measurement of two poses by 

comparing the atomic positions between the experimental structure and 

the structure docked in the protein.9 The smaller the RMSD value 

obtained, the better the predicted ligand pose because it is closer to the 

http://www.rcsb.org/pdb/home.do
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native ligand conformation, whereas the greater the RMSD value, the 

greater the prediction error of the interaction between ligand and 

protein.10 The RMSD values obtained in this study were 3.54 Å for the 

SOD protein with its native ligand and 2.12 for the GPx protein with its 

native ligand. Based on the results obtained, the molecular docking 

method used in this study was valid and could be used for the docking 

of ethyl cinnamate compounds in SOD and GPx proteins. A 

visualization of the interactions that occurred between SOD and GPx 

proteins with their native ligands is shown in Figure 4 (A and B). 

Electrostatic bonds describe the forces between polar atoms and are 

usually represented by the Coulomb potential. In general, there are two 

grading function approaches for hydrogen bond interactions: (i) using 

specific force field-based parameters related to van der Waals and 

electrostatic energy potentials; (ii) using a directional term, where the 

hydrogen bond contribution is a function of the deviation of the 

geometric parameter from the ideal hydrogen bond.19 Hydrophobic 

interactions and electrostatic interactions can increase conformational 

stability.19,20 The similarity of the ligand poses with the comparison 

compound could be influenced by the RMSD value, where an RMSD 

value that is close to zero would cause the pose similarity between the 

two.20 

 
Figure 1: Structures of SOD Protein (a) and GPx protein (c) and their native ligands (b) and (d), respectively.  

 

 
Figure 2: GC-MS chromatogram and library of Hanjeli (Coix lacryma-jobi) fruit essential oil 
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Figure 3. Results of 3D Structure Optimization of Ethyl Cinnamate 

Compounds 

 

The optimized ethyl cinnamate compound was docked to SOD and GPx 

proteins using the Autodock 4.2 program at the same coordinates as 

those used when conducting method validation. The docking process 

resulted in ten conformations of ethyl cinnamate binding to SOD and 

GPx proteins. Of the ten conformations, one with the lowest bond 

energy value was selected. Bond energy indicates the affinity of ethyl 

cinnamate for proteins. The smaller the bond energy value obtained, the 

more stable the bond that occurred between ethyl cinnamate and SOD 

and GPx proteins. The expected conformation of the docking result was 

the conformation with the lowest bond energy value, which was on the 

active side of the protein, or the coordinates of the binding sites that 

were the same as the prearranged native ligand. The lowest binding 

energy values were obtained between ethyl cinnamate and SOD protein 

and GPx (-0.75 and -1.61 kcal/mol, respectively).  

Compounds could be said to not meet if there was more than one 

criterion that deviates. The condition for the value of LogP (XLogP3) 

is -0.4-5. The larger or the more positive the log P value is, the more 

hydrophobic is the molecule. If hydrophobicity is high, the level of 

toxicity will also be high because it will be retained longer in the lipid 

bilayer or the base of the cell membrane structure and distributed more 

widely in the body so that the selectivity of binding to the target enzyme 

is reduced.21 Molar refractivity that does not meet the requirements 

would cause nonpolar compounds to be unable to form momentum so 

that they cannot bind to receptors, and their polar nature prevents the 

excretion of metabolic residues of the compound.22  This shows that 

ethyl cinnamate can interact with the active site of the two proteins. 

Therefore, based on the results of this study, it can be predicted that 

ethyl cinnamate has activity as an anti-osteoporosis agent because it has 

an affinity for SOD and GPx proteins. A visualization of the interaction 

between ethyl cinnamate and SOD and GPX proteins is shown in Figure 

4 (C and D). The interaction between ethyl cinnamate and the two 

proteins can induce the neutralisation of free radicals so that bone 

resorption can be prevented.  

 

 

 
Figure 4: Visualization of the interactions between the native ligands with SOD (A) and GPx (B), and Ethyl Cinnamate with SOD (C) 

and GPx (D) proteins 
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Conclusion 

Ethyl cinnamate has potential as a molecular anti-osteoporosis agent 

because it has an affinity for SOD and GPx proteins with binding energy 

values of -0.75 and -1.61 kcal/mol, respectively, hence it can induce 

SOD and GPx proteins to neutralise free radicals. In vitro and in vivo 

tests need to be carried out to determine the ability and effectiveness of 

ethyl cinnamate as an anti-osteoporosis agent. 

 

Conflict of Interest  

The authors declare no conflict of interest. 

 

Authors’ Declaration 

The authors hereby declare that the work presented in this article is 

original and that any liability for claims relating to the content of this 

article will be borne by them. 

 

Acknowledgments 

The authors thank the LPPM Universitas Negeri Medan which has 

funded this research with the 2023 applied research scheme numbered 

DIPA SP DIPA-023.17. The author also expresses appreciation to the 

research team members from the Department of Biology, Faculty of 

Mathematics and Natural Sciences, Universitas Negeri Medan, Biology 

Study Program, Faculty of Science and Technology, UIN Ar-Raniry 

Banda Aceh; Department of Sports Science, Faculty of Sports Science, 

State University of Medan; Department of Biology, Faculty of 

Mathematics and Natural Sciences Education, Indonesian Education 

University, Bandung; Research Center for Applied Microbiology, 

National Research and Innovation Agency (BRIN), Cibinong.  

 

References 

1. Hejazi J, Davoodi A, Khosravi M, Sedaghat M, Abedi V, 

Hosseinverdi S, Ehrampoush E, Homayounfar R, Shojaie L. 

Nutrition and osteoporosis prevention and treatment. 

Biomed. Res. Ther. 2020;7(4):3709-3720. 

https://doi.org/10.15419/bmrat.v7i4.598  

2. Aji B, Wijayanti SP, Masfiah S, Anandari D, Chamchan C. 

Physical Functioning Among Community-Dwelling Elderly 

in Rural Indonesia. Community Health Equity Res. Policy. 

2022; 42(4):375-380. 

https://doi.org/10.1177/0272684X211004927  

3. Pazianas M, Miller PD. Osteoporosis and chronic kidney 

disease–mineral and bone disorder (CKD-MBD): back to 

basics. Am. J. Kidney Dis. 2021; 78(4):582-589. 

https://doi.org/10.1053/j.ajkd.2020.12.024  

4. Eastell R, Rosen CJ, Black DM, Cheung AM, Murad MH, 

Shoback D. Pharmacological management of osteoporosis in 

postmenopausal women: an Endocrine Society clinical 

practice guideline. J. Clin. Endocrinol. Metab. 

2019;104(5):1595-1622. https://doi.org/10.1210/jc.2019-

00221  

5. Agidigbi TS, Kim C. Reactive oxygen species in osteoclast 

differentiation and possible pharmaceutical targets of ROS-

mediated osteoclast diseases. Int. J. Mol. Sci. 2019; 

20(14):3576-3582. https://doi.org/10.3390/ijms20143576  

6. Diningrat DS, Risfandi M, Harahap NS, Sari AN. 

Phytochemical screening and antibacterial activity Coix 

lacryma-jobi oil. J. Plant Biotechnol. 2020;47(1):100-106. 

https://doi.org/10.5010/JPB.2020.47.1.100  

7. Diningrat DS, Sari AN, Harahap NS. Potential of Hanjeli 

(Coix lacryma-jobi) essential oil in preventing SARS-CoV-2 

infection via blocking the Angiotensin Converting Enzyme 2 

(ACE2) receptor. J. Plant Biotechnol. 2021;48(4):289-303. 

https://doi.org/10.5010/JPB.2021.48.4.289  

8. Diningrat DS,Marwani E, Kusdianti. Antiacne and 

Antibacterial Bioactivity  Properties  of  Teak  (Tectona  

grandis)  Flower  Essential  Oil. Trop J Nat Prod Res. 2023; 

7(11):5195-5202. 

http://www.doi.org/10.26538/tjnpr/v7i11.24 

9. Omata Y, Frech M, Lucas S, Primbs T, Knipfer L, Wirtz S, 

Kadono Y, Saito T, Tanaka S, Sarter K, Schett G. Type 2 

innate lymphoid cells inhibit the differentiation of osteoclasts 

and protect from ovariectomy-induced bone loss. Bone. 

2020; 136:115335-115342. 

https://doi.org/10.1016/j.bone.2020.115335   

10. da Fonseca AM, Caluaco BJ, Madureira JM, Cabongo SQ, 

Gaieta EM, Djata F, Colares RP, Neto MM, Fernandes CF, 

Marinho GS, Dos Santos HS. Screening of potential 

inhibitors targeting the main protease structure of SARS-

CoV-2 via molecular docking, and approach with molecular 

dynamics, RMSD, RMSF, H-bond, SASA and MMGBSA. 

Mol. Biotechnol. 2023; 25:1-5. 

https://doi.org/10.1007/s12033-023-00831-x  

11. Zhang H, Liao L, Saravanan KM, Yin P, Wei Y. 

DeepBindRG: a deep learning based method for estimating 

effective protein–ligand affinity. PeerJ. 2019: 25:7: e7362- 

e7369. https://doi.org/10.7717/peerj.7362  

12. Basu, A., Sarkar, A., & Maulik, U. Molecular docking study 

of potential phytochemicals and their effects on the complex 

of SARS-CoV2 spike protein and human ACE2. Sci. Rep. 

2020; 10(1), 1-15. https://doi.org/10.1038/s41598-020-

74715-4  

13. Diningrat, D. S., Harahap, N. S., Risfandi, M., & Sari, A. N. 

Antioxidant and antibacterial activities of Coix lacryma-jobi 

seed and root oil potential for meningitis treatment. Jordan J. 

Biol. Sci. 2021; 14(5), 881-887.  

https://doi.org/10.54319/jjbs/140501  

14. Mammana S, Cavalli E, Gugliandolo A, Silvestro S, 

Pollastro F, Bramanti P, Mazzon E. Could the combination 

of two non-psychotropic cannabinoids counteract 

neuroinflammation? Effectiveness of cannabidiol associated 

with cannabigerol. Medicina. 2019; 55(11):747-757. 

https://doi.org/10.3390/medicina55110747  

15. Li Z, Yi Y, Luo X, Xiong N, Liu Y, Li S, Sun R, Wang Y, 

Hu B, Chen W, Zhang Y. Development and clinical 

application of a rapid IgM‐IgG combined antibody test for 

SARS‐CoV‐2 infection diagnosis. J. Med. Virol. 2020; 

92(9):1518-1524. https://doi.org/10.1002/jmv.25727  

16. Wardana AP, Aminah NS, Fahmi MZ, Kristanti AN, Zahrah 

HI, Takaya Y, Choudary MI. Nanoencapsulation of 

Syzygium polycephalum extract using folate modified κ-

carrageenan as vehicles for pronounced anticancer activity. 

Trop J Nat Prod Res. 2020;4(11):945-952.. 

https://doi.org/10.1016/j.aqrep.2022.101268  

17. Meyer-Almes, F. J. Repurposing approved drugs as potential 

inhibitors of 3CL-protease of SARS-CoV-2: Virtual 

screening and structure based drug design. Comput. Biol. 

Chem. 2020; 88, 107351-107363.  

https://doi.org/10.1016/j.compbiolchem.2020.107351 

18. Domínguez-Villa, F. X., Durán-Iturbide, N. A., & Ávila-

Zárraga, J. G. Synthesis, molecular docking, and in silico 

ADME/Tox profiling studies of new 1-aryl-5-(3-

azidopropyl) indol-4-ones: Potential inhibitors of SARS 

CoV-2 main protease. Bioorg. Chem. 2021. 106; 104497-

104502. https://doi.org/10.1016/j.bioorg.2020.104497  

19. Zhang, D. H., Wu, K. L., Zhang, X., Deng, S. Q., & Peng, B. 

In silico screening of Chinese herbal medicines with the 

potential to directly inhibit 2019 novel coronavirus. J. Integr. 

Med. 2020: 18(2), 152-158.  

https://doi.org/10.1016/j.joim.2020.02.005  

20. Aljahdali, M. O., Molla, M. H. R., & Ahammad, F. 

Compounds identified from marine mangrove plant 

(Avicennia Alba) as potential antiviral drug candidates 

against WDSV, an in-silico approach. Mar. Drugs. 2021: 

19(5), 253-268.  https://doi.org/10.3390/md19050253  

21. Missioui, M., Said, M. A., Demirtaş, G., Mague, J. T., Al-

Sulami, A., Al-Kaff, N. S., & Ramli, Y. A possible potential 

https://doi.org/10.15419/bmrat.v7i4.598
https://doi.org/10.1177/0272684X211004927
https://doi.org/10.1053/j.ajkd.2020.12.024
https://doi.org/10.1210/jc.2019-00221
https://doi.org/10.1210/jc.2019-00221
https://doi.org/10.3390/ijms20143576
https://doi.org/10.5010/JPB.2020.47.1.100
https://doi.org/10.5010/JPB.2021.48.4.289
http://www.doi.org/10.26538/tjnpr/v7i11.24
https://doi.org/10.1016/j.bone.2020.115335
https://doi.org/10.1007/s12033-023-00831-x
https://doi.org/10.7717/peerj.7362
https://doi.org/10.1038/s41598-020-74715-4
https://doi.org/10.1038/s41598-020-74715-4
https://doi.org/10.54319/jjbs/140501
https://doi.org/10.3390/medicina55110747
https://doi.org/10.1002/jmv.25727
https://doi.org/10.1016/j.aqrep.2022.101268
https://doi.org/10.1016/j.compbiolchem.2020.107351
https://doi.org/10.1016/j.bioorg.2020.104497
https://doi.org/10.1016/j.joim.2020.02.005
https://doi.org/10.3390/md19050253


                               Trop J Nat Prod Res, September 2024; 8(9):8326-8331                 ISSN 2616-0684 (Print) 

                                                                                                                                                  ISSN 2616-0692 (Electronic)  
 

8331 

 © 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License 

 

22. COVID-19 drug candidate: Diethyl 2-(2-(2-(3-methyl-2-

oxoquinoxalin-1 (2H)-yl) acetyl) hydrazono) malonate: 

Docking of disordered independent molecules of a novel 

crystal structure, HSA/DFT/XRD and cytotoxicity. Arabian 

J. Chem. 2022; 15(2), 103595-103613. 

https://doi.org/10.1016/j.arabjc.2021.103595  

23. Cheng, F.J., Huynh, T.K., Yang, C.S., Hu, D.W., Shen, Y.C., 

Tu, C.Y., Wu, Y.C., Tang, C.H., Huang, W.C., Chen, Y. & 

Ho, C.Y. Hesperidin is a potential inhibitor against SARS-

CoV-2 infection.  Nutrients. 2021; 13(8), 2800-2813. 

https://doi.org/10.3390/nu13082800 

 

https://doi.org/10.1016/j.arabjc.2021.103595
https://doi.org/10.3390/nu13082800

