
Targeting SARS-CoV-2 main protease (Mpro) and human ACE-2: a virtual screening 

of carotenoids and polyphenols from tomato (Solanum lycopersicum L.) to combat 

Covid-19  

Parvej Ahmad 1,#, Sahir Sultan Alvi 1,2,#,*, Inamul Hasan 1, M. Salman Khan 1 

1 Integral Information & Research Center (IIRC-5), Clinical Biochemistry & Natural 

Product Research Lab, Department of Biosciences, Faculty of Science, Integral University, 

Lucknow, 226026, U.P., India. 
2 Department of Immunology and Microbiology, South Texas Center of Excellence in Cancer 

Research, School of Medicine, University of Texas Rio Grande Valley, McAllen, 78504, 

Texas (TX), USA. 
 

 

 

 

Paper Type: Research Article 

 

 

 

*Corresponding author 

Dr. Sahir Sultan Alvi (Ph.D.) 

Post Doctoral Fellow 

Department of Immunology and Microbiology &  

South Texas Center of Excellence in Cancer Research 

School of Medicine, 

University of Texas Rio Grande Valley, McAllen, 78504, Texas (TX), USA. 

E-mail: sahir.alvi@utrgv.edu 

ORCID: https://orcid.org/0000-0002-5650-748X 

Mob. No. +1-956-658-4507 

 

# These authors share equal authorship in this article. 

  

mailto:sahir.alvi@utrgv.edu
https://orcid.org/0000-0002-5650-748X


Supplementary Table S1 ADMET findings of selected natural carotenoids and polyphenols 

from S. lycopersicum L. 
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Carotenoids 

1.  Antheraxanthin 0.01383 12.665 54.908 0.4642 -0.763 93.947 95.909 Non  Non  

2.  Delta-carotene 0.00031 25.919 23.407 66.822 -0.608 100.00 100.00 Non Non 

3.  Lutein 0.00192 16.259 54.921 30.429 -0.648 100.00 95.521 Non  Non  

4.  Lycopene 2.70297 25.736 23.404 67.656 -0.608 100.00 100.00 Non  Non 

5.  Neoxanthin 0.05488 9.0082 52.582 0.0561 -0.796 92.807 95.175 Non Non 

6.  Neurosporene 6.4139 26.179 23.405 67.781 -0.608 100.00 100.00 Non Non 

7.  Phytoene 8.5694 27.754 23.405 67.949 -0.607 100.00 100.00 Non Non 

8.  Phytofluene 3.6114 27.296 23.405 67.975 -0.608 100.00 100.00 Non Non 

9.  Violaxanthin 0.9184 9.295 48.95 0.0550 -0.805 91.27 96.42 Non  Non 

10.  Zeaxanthin 0.00020 16.210 54.901 31.809 -0.626 98.6850 98.522 Non Non 

11.  α-carotene 0.00035 26.032 23.406 64.5781 -0.609 100.00 100.00 Non Non 

12.  β-carotene 3.3629 25.995 23.225 65.161 -0.609 100.00 100.00 Non Non 

13.  γ-carotene 3.0149 25.856 23.403 67.027 -0.608 100.00 100.00 Non Non 

Polyphenols 

14.  Caffeic acid 200243 0.4976 21.107 109.43 -2.67 40.29 82.30 Non  Non  

15.  Chlorogenic acid 817291 0.0336 18.716 4.5134 -3.894 41.962 20.427 Non  Non  

16.  Cyanidin 628.19 0.311 0.653 83.10 -4.13 100.00 72.50 Non  Substrate  

17.  Delphinidin 5083.79 0.186 0.375 72.43 -4.26 100.00 54.22 Non  Substrate  

18.  Ferulic acid 81352.2 0.76 21.11 228.56 -1.87 50.41 90.60 Non  Non  

19.  Kaempferol 22.0776 0.2860 9.5774 29.611 -4.325 89.608 79.439 Non  Non  

20.  Keamferol-3-

rutinoside 

10.1697 0.0293 9.1328 0.2510 -4.599 42.374 6.2895 Non  Non  

21.  Myricetin 520.444 0.1103 0.9913 4.8825 -4.527 96.785 40.964 Non  Non  

22.  Naringenin 191.95 0.596 10.52 44.64 -4.18 100.00 87.31 Non  Non 

23.  Naringenin 

chalcone 

187.672 0.6474 18.104 30.433 -3.510 100.00 80.612 Non  Non  

24.  p-coumaric acid 65965.7 0.6946 21.11 75.059 -1.71 63.055 92.095 Non  Non  

25.  Pelargonidin 214.46 0.53 1.29 59.76 -3.99 100.00 83.58 Non  Substrate  

26.  Quercetin 64.4795 0.1727 3.4129 13.352 -4.433 92.236 63.485 Non  Non  

27.  Rutin 28.886 0.0285 7.9127 0.3269 -4.667 43.898 2.8611 Non  Non 

28.  * 6-(ethylamino) 

pyridine-3-

carbonitrile 

448.37 0.5935 0.2910 72.919 -2.042 20.785 93.179 Non Weakly 

29.  # Telmisartan 0.4863 1.283 34.553 0.0460 -2.017 92.747 98.085 Non Non 

* Represents the reference standard antagonist of SARS-CoV-2 Mpro activity. 
# Represents the reference standard antagonist of human ACE-2 activity. 

 



Supplementary Table S2 Predicted toxicity of selected carotenoids and polyphenols from S. 

lycopersicum L. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

S.N. Compound Predicted LD50 Predicted 

Toxicity 

Class 

Carotenoids 

1.  Neurosporene 5700 mg/kg 6 

2.  Phytofluene 5700 mg/kg 6 

3.  Phytoene 5700 mg/kg 6 

4.  Lycopene 5700 mg/kg 6 

5.  delta-Carotene 4390 mg/kg 5 

6.  alpha-carotene 1510 mg/kg 4 

7.  gamma-Carotene 1510 mg/kg 4 

8.  beta-Carotene 1510 mg/kg 4 

9.  Violaxanthin 55 mg/kg 3 

10.  Zeaxanthin 10 mg/kg 2 

11.  Antheraxanthin 37 mg/kg 2 

12.  Neoxanthin 50 mg/kg 2 

13.  Lutein 10 mg/kg 2 

Polyphenols 

14.  Cyanidin 5000 mg/kg 5 

15.  Kaempferol 3919 mg/kg 5 

16.  p-coumaric acid 2850 mg/kg 5 

17.  Caffeic acid 2980 mg/kg 5 

18.  Chlorogenic acid 5000 mg/kg 5 

19.  Kaempferol-3-rutinoside 5000 mg/kg 5 

20.  Rutin 5000 mg/kg 5 

21.  Naringenin chalcone 3600 mg/kg 5 

22.  Delphinidin 5000 mg/kg 5 

23.  Pelargonidin 3919 mg/kg 5 

24.  Ferulic acid 1190 mg/kg 4 

25.  naringenin 2000 mg/kg 4 

26.  Myricetin 159 mg/kg 3 

27.  Quercetin 159 mg/kg 3 

28.  * 6-(ethylamino) pyridine-3-carbonitrile 330 mg/kg 3 

29.  #  Telmisartan 500 mg/kg 4 

* Represents the reference standard antagonist of SARS-CoV-2 Mpro activity. 

# Represents the reference standard antagonist of human ACE-2 activity. 



 

Supplementary Figure S1 Bioavailability radar chart for carotenoids. The pink area/zone 

represents the optimal range for each property and the redline represents the oral bioavailability 

properties of all the carotenoids. The optimal scores for each determinant are: lipophilicity: 

XLOGP3 between −0.7 and +5.0, size: MW between 150 and 500 g/mol, polarity: TPSA 

between 20 and 130Å2, solubility: log S not higher than 6, saturation: fraction of carbons in 

the sp3 hybridization not less than 0.25, and flexibility: no more than 9 rotatable bonds. 

 

 

 

 

 

 

 

 

 



 

Supplementary Figure S2 Bioavailability radar chart for polyphenols. The pink area/zone 

represents the optimal range for each property and the redline represents the oral bioavailability 

properties of all the polyphenols. The optimal scores for each determinant are: lipophilicity: 

XLOGP3 between −0.7 and +5.0, size: MW between 150 and 500 g/mol, polarity: TPSA 

between 20 and 130Å2, solubility: log S not higher than 6, saturation: fraction of carbons in 

the sp3 hybridization not less than 0.25, and flexibility: no more than 9 rotatable bonds. 

 

 

 

 

 

 

 



 

Supplementary Figure S3 Bioavailability radar chart for EPC and telmisartan. The pink 

area/zone represents the optimal range for each property and the redline represents the oral 

bioavailability properties of EPC and telmisartan. The optimal scores for each determinant are: 

lipophilicity: XLOGP3 between −0.7 and +5.0, size: MW between 150 and 500 g/mol, 

polarity: TPSA between 20 and 130Å2, solubility: log S not higher than 6, saturation: 

fraction of carbons in the sp3 hybridization not less than 0.25, and flexibility: no more than 9 

rotatable bonds. 

 

PubChem ID: 24701445 PubChem ID: 56999 


