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ABSTRACT 
Coronavirus disease 2019 is an exceptionally contagious respiratory illness coming from a dangerous novel coronavirus 
occur in December 2019, the world is facing unprecedented crises in the coronavirus disease 2019 pandemic. Amongst the 
uncertainty, many are left questioning what we can do to fight this virus; viral proteins have been approved to be a target 
for treatment especially that responsible for viral reproduction. To assessment the interaction between the bioactive 
constituents of black tea and peppermint aqueous extract against the main protease of severe acute respiratory syndrome 
coronavirus-2 using molecular docking method.  Experiments including raw material plants like black tea was purchased 
from local Iraqi markets and the peppermint was cultivated from Iraqi farms at January to March 2021, then it was dried, 
grounded by electric mortar and stored in dark place at 20ºC until analyzed the bioactive constituents using GC-Mass. 
Molecular docking was achieved and re-rank score was used to compare the data. High concentration of thearubigins 
59.2% was extracted from black tea followed by (-)-Epigallocatechin-3- gallate10.9%, (-)- Epigallocatechin 9.8% and (-) 
-Epicatechin-3-gallate7%. While the catechin was recorded as only 2% of the extract. As well as, high percentage of 
menthol 27%, menthone 16%, menthofuran 4.5% and menthylacetate 4.4% were extracted from peppermint. Cineole and 
Menthol extracted from peppermint had highest re-rank -100 and -99.2 respectively among the other extracted 
compounds. Followed by promising four compounds identified in black tea extracts and these were (-)-Epigallocatechin-
3-gallate -98.77, Theaflavin -3-gallate -96.21, Quercetin -95.6 and Thearubigins -94.42. High interaction between the plant 
extract Mallotojaponin with Re-rank scored the highest value -140 and curcumin scored with re- rank -112 in comparison 
with other plant components from black tea and peppermint under investigation. Aqueous extraction of black tea and 
peppermint contained several bioactive compounds and the molecular docking ensured the interaction capability between 
ligand and Mpro. Incorporating few cups of black tea and peppermint into daily hot drink is an incredibly simple and cost-
effective intervention, and it may help people to fight this pandemic-causing virus as well as aqueous extract could use as 
a mouth and tonsil wash several times at a day without any adverse effects. 
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INTRODUCTION  
Severe acute respiratory syndrome coronavirus-2 (SARS-COV-2) is the third fatal coronavirus that has 
emerged in the past two decades, following sever acute respiratory syndrome coronavirus-1 (SARS-CoV-
1) and the Middle East respiratory syndrome (MERS-CoV) [1]. More than 160 million persons were infected 
worldwide with mortality reached to 3320000 persons. Iraq is one of the Middle East Country that faced 
the pandemic of coronavirus disease 2019(COVID 19), more than 1120000 infected Iraqi people with 
15430 deaths at May 13, 2021 [2].  
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Severe acute respiratory syndrome coronavirus-2 is a single-stranded RNA virus and shares 78% genetic 
similarity with SARS-COV-1, that emerged the outbreak at 2003 [3]. Six major open reading frames (ORF) 
exist in SARS-CoV-2, ORF1ab occupies the two-thirds length of the whole genome and sub genome RNA to 
play roles in viral pathogenesis excluding its replication function as well as involving in cellular signaling 
and modification of cellular gene expression [4]. It can be transmitted thought respiratory droplets and 
direct contact; while the main transmission route of SARS-CoV-2 is aerosols the virus was also found in 
stool of recover’s patient [5]. The disease initiates through the interaction of its binding domain on the 
spike- like protein with the target host cell via angiotensin- converting enzyme 2(ACE2) that known to lying 
in different organs such as lung, intestine, adipose tissues cardiac cell4. There have also been geographic 
disparities in the frequency of specific COVID-19 clinical symptoms6. Sever acute respiratory syndrome - 
corona virus-2 infection is characterized by flu-like symptoms such as cough, fever, weakness, and myalgia. 
Patients may experience diarrhea and nausea for a few days before developing a fever, meaning that fever 
is the most frequent but not the most severe symptom of infection. A small percentage of patients can 
experience headaches or hemoptysis [7].  
Viral proteins have been authorized to be a target for treatment; they are spike protein, RNA dependent 
RNA polymerase (RdRp), the main protease (Mpro), chymotrypsin-like protease and papain-like protease 
that almost encodes by all coronavirus. Proteases enzymes used for proteolysis processing during virus 
maturation [8, 9]. This basically means that the virus needs these specific protein breaking enzymes in 
order to mature and function. Also, the chymotrypsin-like protease (3CLpro) has been considered a very 
important molecular target for a novel anti-SARS-CoV drug [10-11]. 
Other approaches were applied in COVID19 treatment or prophylaxes and the most non-toxic without side 
effects is the based on the plant materials or their active ingredients such methods are called Unani and 
Ayurvedic medicines. Different parts of several plants were having antiviral activity [12-14]. A search of 
the Natural Product Libraries found that 720 pure natural products were investigated for compounds that 
could lead to a potential drug that has anti-COVID-19 efficacy. This was later narrowed down to 10 different 
compounds and mixtures that had strong potential for anti-COVID-19 efficacy. Most of these compounds 
come from different type of tea plant the Camelia sinensis. The compounds that have been found to have an 
anti-COVID 19 effect are the polyphenols that are found in teas [15]. The current study design to assessment 
the interaction between the bioactive constituents of black tea and peppermint aqueous extract against the 
main protease of severe acute respiratory syndrome coronavirus-2 using molecular docking method. 
 
MATERIAL AND METHODS  
Plants and preparation of extracts  
Experiments including raw material plants were designed as previously described. Black tea was 
purchased from local Iraqi markets; peppermint was cultivated and then collected on Iraqi farms at 
January- March 2021. Meanwhile, it was dried in a paper bag, grounded by electric mortar and stored in 
dark place at 20ºC. Aqueous extraction of black tea and peppermint were done according to [16]. Then the 
bioactive constituents were analyzed using GC-Mass.  
Structural analyses 
To probe the molecular architecture of SARS-CoV-2 3CLpro, comparative homology modeling was 
performed using Modeler version 9.11. To select closely-related templates for modeling, PSI-BLAST was 
performed against all known structures in the protein databank (PDB). Chimera v1.8.1 and PyMOL 
educational version were used for initial quality estimation, energy minimization, mutation analyses, and 
image processing. 
Ligand database preparation and molecular docking 
The bioactive constituents from aqueous extract of black tea and peppermint were docked against the 
predicted SARS-CoV-2 Mpro structure. Molecular operating environment (MOE) was used for molecular 
docking, ligand-protein interaction and drug likeness analyses. All analyses were performed using the same 
protocols that are already described in previous studies; re-rank value was used to identify the interaction 
between ligand (plant compound) and its receptor (Mpro) [17].  
 
RESULTS AND DISCUSSION  
Different strategies can be participating in the control or prevent the severity of COVID19 disease outcome; 
such strategies could apply separately or together such as vaccines, peptides, small molecules drugs, 
monoclonal antibodies and interferon therapies. Designing of new methods linking between computational 
and other structural biology have facilitate the discovery of new drugs against COVID-19. One of the main 
COVID-19 viral virulence factors is the Mpro protein that denote a critical role in disease outcome through 
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its involvement of virus replication and maturation. Studying its structure provides a new insight to treat 
disease by identify potential drugs or supplements to prevent or reduce the infection outcome.  Our scope 
to follow the structure of Mpro protein and its interaction with plant-based compounds using docking and 
computational soft-wares. 
The result of current study indicated that aqueous extracts of black tea and peppermint contained different 
bioactive ingredients, so high concentration of Thearubigins 59.2% was extracted from black tea followed 
by (-)-Epigallocatechin-3- gallate10.9%, (-)- Epigallocatechin 9.8% and (-) -Epicatechin-3- gallate7%, while 
high percentage of menthol 27%, menthone 16%, menthofuran 4.5% and menthylacetate 4.4% were 
extracted from peppermint. However, the catechin was recorded as only 2% of the extract. This related 
with fact, the secondary metabolites produced by tea plant, which play multiple essential roles in plant 
physiology and have potential health properties on human health, mainly as antioxidants, anti-allergic, 
anti-inflammatory, anticancer, antihypertensive and antimicrobial agents [18, 19].  
A Chinese research group studied these compounds in tea, and investigated whether they can inhibit 
chymotrypsin-like protease activity or not [20, 21]. They found that black tea significantly inhibited 
chymotrypsin-like protease activity. Furthermore, they dove deeper to specifically determine the molecule 
that is responsible for such activity and they reported that Theaflavin-3,3′ -digallate (TF3) was responsible 
for this activity. In-vitro study found that TF3 completely inhibited COVID virus replication in cell culture. 
Another study reported that theaflavins extracted from black tea were able to completely neutralize bovine 
coronavirus and rotavirus infections [22]. Molecular docking between ligand and the receptor Mpro in the 
present study illustrated in Figures (1, 2, 3) it demonstrated that more than one domain could candidate in 
the interaction of the bioactive compounds enhancing enzyme inhibition through different ligands such as 
hydrophobic interaction, ionic bonds, aromatic- aromatic interaction. One study demonstrated that protein 
structure of Mpro of SARS-CoV-2 shares almost 75-80% identity with other corona virus and described it as 
a good target for drug development; crystal structure of the Mpro stated three domains having cysteine 
protease with a chemotrypsin like two domain fold. Such structure could interact with different molecules 
that might inhibit its activity or denature its structure [23]. Recently Food and Drug administration 
authorities the use of Remdesivir at 1st May 2020; its function as a broad-spectrum antiviral drug that 
inhibits RdRp enzyme from SARS-CoV-2 and another coronavirus [21, 22]. Other proposed drug target was 
the main protease Mpro which encodes for cysteine protease with a unique substrate containing glutamine 
residue at the P1 site; the inhibition of Mpro for almost coronavirus as well as enteroviruses rhinoviruses 
and noroviruses [12]. Recently reported that replication of picornaviruses and coronaviruses requires 3C 
protease (3Cpro) and 3C-like protease (3CLpro) respectively, which are structurally analogous with 
chymotrypsin-fold, but the former is a monomer and the latter is dimeric due to an extra third domain for 
dimerization, so the potential anti-coronavirus and anti-picornavirus therapeutic agents and a clue to 
convert 3CLpro inhibitors into 3Cpro inhibitors and vice versa24. So, the current study compared with two 
plant Mallotojaponin and Curcumin as well as two types of drugs it considered the first insight about the 
drugs remdesivir and tenofovir, they were able to interact with COVID19 Mpro protein with re-rank reached 
to -111 and -122 respectively. Earlier studies referred to the action of remdesivir as 
anadenosine nucleoside triphosphate analog in inhibition of viral RNA dependent RNA polymerase enzyme 
and evades proofreading by viral exoribonuclease (ExoN), causing a decrease in viral RNA production after 
only three nucleotide incorporation such medication [25, 26]. The other nucleotide analogue tenofovir that 
designed to inhibit the enzyme named as nucleotide reverse transcriptase decreasing the ability of viral 
replication through the inhibition of ATP- polymerization into the growing nucleic acid chain [27]. 
Additionally, the strong ligand-protein interactions of some conventional drugs such as Remdesivir and 
Tenofovir in addition to plant-based compounds such as Curcumin (Curcuma longa) and Mallotojaponin 
(Mallotus versitifolius) render these compounds promising and recommended for further studies [28, 29]. 
Based on docking results (Table 1), various extracts of black tea and peppermint exhibited a significantly 
strong interaction with the studied receptor. Re-rank used here to determine the strongest of simulated 
interaction between ligand and its target receptor, data referred to that Cineole and Menthol extracted from 
peppermint had highest re-rank -100 and -99.2 respectively among the other extracted compounds. 
Followed by promising four compounds identified in black tea extracts and these were (-)-
Epigallocatechin-3-gallate -98.77, Theaflavin -3-gallate -96.21, Quercetin -95.6 and Thearubigins -94.42. 
The hydroxyl group, ketone group and ether group in cineole and menthol extracted from peppermint 
predicted to initiate an interaction with the amino acid residues in active site of Mpro causing an inhibition 
to its activity. The interactions might due to hydrophobic residues interactions, ionic interactions, hydrogen 
bonds, aromatic- aromatic interaction and sulfur bonds within the peptide-protein complexes. Such finding 
of oily extracted of 1,8 Cineole from eucalyptus exhibited high interaction with Mpro of Covid19 and inhibit 
viral reproduction. However, several studies conducted in different countries reported the essential role 
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for this material as therapeutic agent in treatment such as study predicted in vitro enzyme assays as well 
as animal models ensure the simulant studies regarding the pharmacological potentials against different 
respiratory infections [23]. Other study reported that 1,8-cineole is known for its mucolytic and 
spasmolytic action on the respiratory tract, with proven clinical efficacy, so 1,8-cineole has also shown 
therapeutic benefits in inflammatory airway diseases, such as asthma and chronic obstructive pulmonary 
disease (COPD) [30]. Menthol has been shown to reduce dyspnea in many respiratory conditions31,32,33. 
 
Compounds Ligand Molecular Formula PubChem CID MolDock Rerank HB 
Limonene C10H16  22311  -43.27 -89.70 -7.75 
Cineole C10H18O 10106 -98.23 -100.00 -9.20 
Menthone C10H18O 26447 -46.71 -76.71 -4.75 
Menthofuran C10H14O 329983 -19.23 -84.98 -6.25 
Isomenthone C10H18O 6986 -94.80 -83.80 -4.50 
Menthyl acetate C12H22O2 27867 -39.84 -75.53 -4.00 
Sopulegol C10H18O 170833 -50.14 -90.88 -7.00 
Menthol C10H20O 1254 -91.36 -99.20 -9.10 
Pulegone C10H16O 442495 -36.40 -88.52 -6.50 
Carvone C10H14O 7439 -53.58 -77.90 -5.50 
(-)-Epicatechin C15H14O6 72276 -87.93 -82.62 -6.00 
(-)-Epicatechin-3-gallate C22H18O10 65056 -32.97 -74.35 -3.75 
(-)-Epigallocatechin C22H18O11 65064 -57.01 -92.06 -8.00 
(-)-Epigallocatechin-3-gallate C34H36O22 102025303 -84.49 -98.77 -8.70 
(+)-Catechin C15H14O6  9064   -29.53 -87.34 -6.75 
(+)-Gallocatechin C15H14O7   65084 -60.45 -79.08 -4.25 
Theaflavin C29H24O12 135403798   -81.06 -81.44 -5.00 
Theaflavin-3,3’ -digallate C43H32O20 136277567 -63.88 -93.24 -7.25 
Theaflavin-3’-gallate C36H28O16 136825044 -26.10 -86.16 -5.25 
Theaflavin -3-gallate C36H28O16 169167 -77.62 -96.21 -8.50 
Thearubigins C43H34O22 100945367 -67.32 -94.42 -8.25 
Kaempferol  C15H10O6  5280863 -74.19 -80.26 -5.75 
Myricetin  C15H10O8 5281672 -22.66 -73.17 -3.50 
Quercetin C15H10O7 5280343 -70.75 -95.60 -7.50 
Remdesivir C27H35N6O8P 121304016 -128.23 -111.00 -8.60 
Tenofovir C9H14N5O4P 464205 -144.25 -122.00 -9.50 
Mallotojaponin C24H28O8 122659 -180.20 -140.00 -11.23 
Curcumin C21H20O6 969516 -172.25 -112.00 -8.50 

Table 1: The Predicted Poses Scores of The Rest Inspected Antiviral Drugs 
    
Recent finding also refer to the high interaction between the plant extract Mallotojaponin that extracted 
from Mallotus versitifolius plant, re- rank scored the highest value -140 and curcumin scored with re- rank 
-112 in comparison with other plant components from black tea and peppermint under investigation. 
compounds from the aqueous extract of peppermint and black tea as well as the extract of curcumine, all 
challenged against the main protease of COVID-19 to perform a binding simulation in the search for 
probable inhibitors.  
   
CONCLUSION  
In conclusion, it’s important to note that this is preliminary data and it may help to fight against COVID-19; 
aqueous extraction of black tea and peppermint contained several bioactive compounds and the molecular 
docking ensured the interaction capability between ligand and Mpro. Consumption of black tea and 
peppermint could augment the chemical drug Remdesivir or Tenofovir against COVID-19. Incorporating 
few cups of black tea and peppermint into daily hot drink is an incredibly simple and cost-effective 
intervention, and it may help people to fight this pandemic-causing virus. Also, as a daily habit, aqueous 
extract could use as a mouth and tonsil wash several times at a day without any adverse effects. 
 
ACKNOWLEDGMENT 
The assistance provided by Dr. Michael Alabboud at University of Tehran was greatly appreciated.  
 
 

AL-Wandawi et al 



ABR Vol 14 [5] September  2023                                                        184 | P a g e                            © 2023 Author 

REFERENCES 
1. National Center for Biotechnology Information, Huang C, Yeming W, Xingwang L, Lili R, Jianping Z, Yi H, Li Z, Guohui 

F, Jiuyang X, Xiaoying G, Zhenshun C, Ting Y, Jiaan X, Yuan W, Wenjuan W, Xuelei X, Wen Y, Hui L, Min L, Yan X, 
Hong G, Li G, Jungang X, Guangfa W, Rongmeng J, Zhancheng G, Qi J, Jianwei W, Bin C. (2020). Clinical features of 
patients infected with 2019 novel coronavirus in Wuhan, China. Lancet. 15;395(10223):497-506. doi: 
10.1016/S0140-6736(20)30183-5.  

2. Płomecka MB, Susanna G, Rachael N, Piotr R, Beata S, Samuel L,  Kristina A, Alisa D, Asja B,  Lejla H, Zainab A, Sarvin 
E, Luis RP, Verena W, Hafsa JA, Beyza A, Mehdi AB, Dana S, Zofia BT, Zeeshan H, Salah UQ, Adriana MS,  Ali J. (2020). 
Mental Health Impact of COVID-19: A Global Study of Risk and Resilience Factors. PsyArXiv. May 5. 
doi:10.31234/osf.io/zj6b4. 

3. Ksiazek TG, Dean E, Cynthia SG, Sherif RZ, Teresa P, Shannon E, Suxiang T, Carlo U, James AC, Wilina L, Pierre ER, 
Scott FD, Ai-Ee L, Charles DH, Wun-Ju S, Jeannette G, Christopher DP, Paul R, Barry F, Joseph D, Jyh-Yuan Y, Nancy 
C, James MH, James WL, William JB, Larry JA. (2003). A novel coronavirus associated with severe acute respiratory 
syndrome. N Engl J Med. 348(20):1953–1966. doi:10.1056/NEJMoa030781. 

4. Tsai PH, Wang ML, Yang DM, Liang KH, Chou SJ, Chiou SH, Lin TH, Wang CT, Chang TJ. (2020). Genomic variance of 
open reading frames (ORFs) and spike protein in severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
J Chin Med Assoc. 83(8):725. 

5. S.  Bialek, E. Boundy, V.  Bowen, N.  Chow, A.  Cohn, N. Dowling, S.  Ellington and R. Gierke.  (2020). Severe outcomes 
among patients with coronavirus disease 2019 (COVID-19) United States, February 12–March 16, MMWR., 69(12): 
343-346. 

6. Liu X, Hong Z, Yilu Z, Xiaojun W, Yang Z, Yang L, Weijun T, Mingli Y, Xuhong D, Jinjing Z, Ruiyun L, Hailing L, Rob 
ME, Yi H, Hanxiang N, Yihua W. (2020). Risk factors associated with disease severity and length of hospital stay in 
COVID-19 patients. J Infect. 81(1): e95-7 

7. Center for Systems Science and Engineering. COVID-19 Dashboard by at Johns Hopkins University. ArcGIS. Johns 
Hopkins University. https://systems.jhu.edu/ (2021). 

8. Leung WK, To KF, Chan PK, et al. (2003). Enteric involvement of severe acute respiratory syndrome-associated 
coronavirus infection. Gastroenterology. 125(4):1011–1017. doi:10.1016/s0016-5085(03)01215-0 

9. Herold J, Gorbalenya AE, Thiel V, Schelle B, Siddell SG. (1998). Proteolytic processing at the amino terminus of 
human coronavirus 229E gene 1-encoded polyproteins: identification of a papain-like proteinase and its substrate. 
J Virol. 72(2):910-918. 

10. Qamar MT, Safar MA, Mubarak AA, Ling-Ling C.(2020).  Structural basis of SARS-CoV-2 3CLpro and anti-COVID-19 
drug discovery from medicinal plants. Journal of Pharmaceutical Analysis, ISSN 2095-1779, 
https://doi.org/10.1016/j.jpha.2020.03.009. 

11. Alex Z, Aladinskiy V, Zhebrak A, Zagribelnyy B, Terentiev V, Bezrukov, D et al. (2020). Potential COVID-2019 3C-
like Protease Inhibitors Designed Using Generative Deep Learning Approaches. ChemRxiv. Preprint.. 
https://doi.org/10.26434/chemrxiv.11829102.v2 

12. Kim Y, Lovell S, Tiew KC, Mandadapu SR, Alliston KR, Battaile KP, Groutas WC, Chang KO. (2012). Broad-spectrum 
antivirals against 3C or 3C-like proteases of picornaviruses, noroviruses, and coronaviruses. J Virol. 
;86(21):11754-62. doi: 10.1128/JVI.01348-12.  

13. Li Z, Yongqi W,, Jiaojiao Z,, Yachao Z, Wenjing Z, Mei Z,, Cong L, Zegeng L, Biao C, Shuangying G, Zhonggui H, Jin S. 
(2020). Emerging well-tailored nanoparticulate delivery system based on in situ regulation of the protein corona. 
J Contr Release. 320:1-18. 

14. Lin SY, Chia-Ling L, Yu-Ming C, Jincun Z, Stanley P, Ming-Hon H. (2014). Structural Basis for the Identification of 
the N-Terminal Domain of Coronavirus Nucleocapsid Protein as an Antiviral Target. Journal of Medicinal 
Chemistry; 57 (6):2247-2257. doi: 10.1021/jm500089r 

15. Mhatre S, Srivastava T, Naik S, Patravale V. (2021). Antiviral activity of green tea and black tea polyphenols in 
prophylaxis and treatment of COVID-19: A review. Phytomedicine. 85:153286. doi: 10.1016/j.phymed. 
2020.153286.  

16. Clark KJ, Grant PG, Sarr AB, Belakere JR, Swaggerty CL, Phillips TD, Woode GN. (1998). An in vitro study of 
theaflavins extracted from black tea to neutralize bovine rotavirus and bovine coronavirus infections. Vet 
Microbiol.  63(2-4):147-57. doi: 10.1016/s0378-1135(98)00242-9.  

17. Al-Beatushi AM, Hussein IH. Raghad MS, Khlood A, Tayeh MW, Ghlaim HA, Zamily RW. (2020). Antibacterial 
activity of water and ethanolic extracts of black tea and peppermint (In Vitro study).20; 90-98. 

18. Koech KR, Wachira FN, Ngure RM, Wanyoko JK, Bii CC, Karori SM, Kerio LC. (2014). Antimicrobial, synergistic and 
antioxidant activities of tea polyphenols, in Microbial pathogens and strategies for combating them: science, 
technology and education (A. Méndez-Vilas, Ed.) 100-104 

19. Sumpio BE, Cordova AC, Berke-Schlessel DW, Qin F, Chen QH. (2006). Green tea the “Asian Paradox”, and 
cardiovascular disease. Journal of American College of Surgeons. 202:813-820. 

20. Qamar MT, Alqahtani SM, Alamri MA, Chen LL. (2020). Structural basis of SARS-CoV-2 3CLpro and anti-COVID-19 
drug discovery from medicinal plants. J Pharm Anal. 10 (4): 313-319. doi: 10.1016/j.jpha.2020.03.009. 

21. Frediansyaha A Nainuc F. Dhamad K. Mudatsire M. Harapan H. (2021). Remdesivir and its antiviral activity against 
COVID-19: A systematic review. Clinical Epidemiology and Global Health, 9, :123-127. https://doi.org 
/10.1016/j.cegh.2020.07.011. 

AL-Wandawi et al 

https://systems.jhu.edu/
https://doi.org/10.1016/j.jpha.2020.03.009.
https://doi.org/10.26434/chemrxiv.11829102.v2
https://doi.org


ABR Vol 14 [5] September  2023                                                        185 | P a g e                            © 2023 Author 

22. Gordon CJ, Egor P, Tchesnokov EW, Jason KP, Joy YF, Danielle PP, Matthias G. (2021). Remdesivir is a direct-acting 
antiviral that inhibits RNA-dependent RNA polymerase from severe acute respiratory syndrome coronavirus 2 
with high potency. Journal of Biological Chemistry 295(20): jbc.RA120.013679. doi: 10.1074/jbc.RA120.013679. 

23. Xue X, Yu H, Yang H, Xue F, Wu Z, Shen W, Li J, Zhou Z, Ding Y, Zhao Q, Zhang XC, Liao M, Bartlam M, Rao Z. (2008). 
Structures of two coronavirus main proteases: implications for substrate binding and antiviral drug design. J 
Virol.82(5):2515-27. doi: 10.1128/JVI.02114-07.  

24. Ramajayam R, Kian-Pin T, Po-Huang L. (2011). Recent development of 3C and 3CL protease inhibitors for anti-
coronavirus and anti-picornavirus drug discovery.  Biochem Soc Trans. 39(5):1371-5. doi: 10.1042/BST0391371. 

25. Al-Tawfiq JA, Al-Homoud AH, Memish ZA. (2020). Remdesivir as a Possible Therapeutic Option for the COVID-19. 
Travel Medicine and Infectious Disease. 20. 

26. Ko WC, Jean-Marc R, Nan-Yao L, Po-Lin C, Ching-Tai H, Ping-Ing L, Po-Ren H. (2020). Arguments in favour of 
remdesivir for treating SARS-CoV-2 infections. Int J Antimicrob Agents. 55:105933. 

27. Alavian G, Kolahdouzan K, Mortezazadeh M, Torabi ZS. (2021). Antiretrovirals for Prophylaxis Against COVID-19: 
A Comprehensive Literature Review. J Clin Pharmacol. 61(5):581-590. doi: 10.1002/jcph.1788.  

28. Alexander LE, Seema DM, Belen C, Shuqi Z, David GI. Kingston. (2016). Synthesis and antimalarial activity of 
mallatojaponin c and related compounds. Journal of Natural Products; 79 (6): 1679-1683. doi: 
10.1021/acs.jnatprod. 6b00347. 

29. Alabboud M, Javadmanesh A. (2020).  In silico study of various antiviral drugs, vitamins, and natural substances as 
potential binding compounds with SARS-CoV-2 main protease. DLS 1; 44-63. doi: 10.30493/DLS.2020.225404 

30. Juergens U.R. (2014). Anti-inflammatory properties of the monoterpene 1.8-cineole: current evidence for co-
medication in inflammatory airway diseases. Drug Res (Stuttg).  64(12):638-46.  doi: 10.1055/s-0034-1372609. 

31. Eccles R. (2003). Menthol: Effects on nasal sensation of airflow and the drive to breathe. Curr Allergy Asthma 
Rep. 3:210-214. 

32. Fisher JT. (2011). TRPM8 and dyspnea: From the frigid and fascinating past to the cool future? Curr Opin 
Pharmacol.  11:218-230.  

33. Pereira EJ, Lauren S, Helen SD, Chris MP, and Michael FF, (2013). The effect of inhaled menthol on upper airway 
resistance in humans: A randomized controlled crossover study. Can Respir J. 0(1): e1-e4. 
doi: 10.1155/2013/383019. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Copyright: © 2023 Author. This is an open access article distributed under the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly 
cited.   

AL-Wandawi et al 


