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The lethal pandemic has been brought on by the emergence of the SARS-CoV-2. The moringa leaves have a rich 
nutritional value in the host immunity and act as an immune booster against SARS-CoV-2. Tea was formulated from the 
moringa leaves, and dried at ambient temperature for serving health benefits. The results provide evidence that the 
application of heat on moringa leaves improves the flavor and quality of tea without degrading the nature of phenolic and 
flavonoid compounds present in moringa leaves. The molecular docking result among the screened compounds from 
moringa leaves has a good docking score varying from -10.657 to -13.735 kcal/mol for the Main protein, while  
Spike glycoprotein has a docking score ranging from -8.559 to -10.522 kcal/mol and Membrane protein docking score  
from -7.208 to -10.411 kcal/mol.  The atomic configuration and electron profile of the docked complex were subjected to the 
DFT calculations. The molecular dynamics simulation study shows that the selected compounds have maintained stable 
conformation in the simulation period and interact with the target. Thus, we conclude that Moringa oleifera leaves 
compounds to support the antagonist activity against SARS-CoV-2’s structural proteins and the leaf-based product could be 
a good immune booster for SARS-CoV-2 infection. 
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Moringa oleifera Lam. a miracle tree is cultivated in 
subtropical and tropical regions, potential for its 
nutritional and medicinal properties. The bark, leaves, 
seeds and roots of moringa are rich in minerals, 
carbohydrate, protein, fats, fiber, and also contain 
significant amounts of iron, calcium, vitamins such as 
A, B and C, hence all the part of the plant is used for 
food, medication and industrial purposes1,2. The 
moringa leaves also attributes with several 
Phytochemicals such as carotenoids, flavonoids, 
saponins, steroids, tannins, terpenoids, alkaloids, 
anthocyanin, anthraquinone, cardiac glycosides etc., 
which are potent to possess antioxidants, antimicrobial, 
antifungal, antiviral activity antihypertensive, 
antitumor, anticancer, antihyperlipidemic, antipyretic, 
and anti-inflammatory properties3,4. The nutrients and 
phytochemicals present in the leaves play an important 
role in activating enzymes and hormones that enhance 

the growth, function, and maintenance of life process in 
both human and animals1,5. 

The moringa leaves act as a valuable food for the 
malnutrition children, pregnant and lactating women. 
The leaves are generally consumed in the form of 
vegetable curry, soup or seasoning by both rural and 
urban population, due to the health awareness about 
moringa, alongside value added products (noodles, 
bread, Chutney, biscuits, cakes and porridge)6-9. The 
leaves can be consumed as fresh or after boiling or it 
can be dried and used in the form of powder for 
culinary purpose10. Due to the presence of phenol and 
flavonoids in the leaves, the research is focused on 
development of moringa leaves extract as beverage 
like tea or soup. The Phytochemicals in tea act as free 
radical scavenger and induce the human immunity 
that manages the blood pressure, glucose level and 
serve as an energy booster11. Hence, tea was 
formulated as a value-added product of moringa 
leaves, which can be prepared and consumed by 
people of all economic classes, particularly those in 
rural areas of India. This tea will energize their life 
better with the locally available moringa leaves. The 
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moringa tea or soup, which was developed in our 
laboratory, was cultivated under organic cultivation 
system.  

Most of the plant-based food has antinutrient 
properties, which possess the property to reduce the 
bioavailability of nutrients in our body. Antinutrient 
factors like cyanide, oxalate, phytate and inhibitors 
are present in the leaves of moringa, to overcome the 
negativity of this antinutrient property, the leaves 
should be processed without losing the nutritional and 
phytochemicals property12. To retain the 
Phytochemicals, present in the leaves, to reduce the 
raw flavor and to increase the color of the tea, the 
leaves were processed under various conditions. 
Covid-19 infections often lead with multi-pathogenic 
consequences and have an impact on human vital 
organ functions. With everything looked at severe 
acute respiratory syndrome corona virus 2 (SARS-
CoV-2) Pandemic, potent inhibitors were in need to 
rejuvenate the molecular mechanism of human 
condition. Moringa oleifera leaves were employed in 
this study accordance with the literature survey for a 
search of natural inhibitor. Rather, studies also 
suggest that moringa leaves play a vital role for the 
host immunity and their active compounds act as a 
supplemental food source and an immune booster for 
the life threatening SARS-CoV-2. Through the  
in silico approaches a huge number of moringa leaves 
compounds were screened for antiviral activity versus 
the SARS-CoV-2 in a short period of time. This 
study’s main objective was to figure out the potent 
compounds of moringa leaves for inhibiting SARS-
CoV-2 structural proteins. For this approach, we 
employed molecular docking, molecular Dynamics, 
Density Function Theory (DFT) and ADME/T 
analysis for protein-ligand complex by using the 
Schrodinger 2018-4 suite13-15. 
 
Materials and Methods 
 

Materials and sample preparation 
Moringa leaves (Moringa oleifera) of the PKM 1 

variety were collected from the farm of the Shri 
AMM Murugappa Chettiar Research Centre in 
Chennai, Tamil Nadu, India. The leaves were 
thoroughly washed to remove any dirt and then dried 
at room temperature to retain the phenols and 
flavonoids. 
 
Determination of total phenol  

The presence of phenol in tea was determined by 
the Folin-Ciocalteu method. About 1 mL of tea 

extract was mixed with 2.5 mL of Folin-Ciocalteu 
reagent (1:10 v/v in distilled water) and allowed it for 
5 min; later 2 mL of 4% sodium carbonate was added. 
The mixture was shaken well and incubated for 2 h 
under dark condition. After incubation, the samples 
were measured at 740 nm using UV-visible 
spectrophotometer (Biospectrometer, Make: 
Eppendorf) and the total phenol was calculated based 
on the standard graph generated using gallic acid 
ranging from 20 µg to 100 µg16.  
 
Determination of flavonoid 

The presence of the flavonoid in tea was 
determined using aluminum chloride. Sample of about 
1 mL of mixed with 3 mL of 5% aluminum chloride 
and incubated for 30 min. After the incubation period, 
3 mL of distilled water was added and the absorbance 
value was measured at 437 nm. The amount of the 
flavonoid present in tea was calculated using the 
standard quercetin with the concentrations ranging 
from 200 µg to 1000 µg17.  
 
Determination of free radical scavenging activity 

The 2, 2-diphenyl-1-picrylhydrazyl (DPPH) 
method was used to determine the free radical 
scavenging activity of the prepared tea or soup. About 
100 µL of tea was added to 500 µL of DPPH solution 
and incubated it under dark for 20 min. The 
concentration of DPPH in the reaction mixture was 
measured at the wavelength of 515 nm18. The radical 
scavenging activity was measured using the below 
mentioned formula: 
 
Free radical scavenging activity (%) = ஺௕௦ ௢௙ ஼௢௡௧௥௢௟ି஺௕௦ ௢௙ ௌ௔௠௣௟௘஺௕௦ ௢௙ ஼௢௡௧௥௢௟ × 100 
 
Reducing power assay 

The antioxidant activity of the tea extract was 
measured by using reducing power assay. The extract 
(1 mL) was mixed with 5 mL of 0.2 M phosphate 
buffer (pH 6.6) and 5 mL of 1% potassium 
ferricyanide, immediately the mixture was mixed well 
and incubated at 50°C for 20 min. After incubation, to 
stop the reaction, 5 mL of 10% trichloroacetic acid 
was added to the mixture and centrifuged at 3000rpm 
for 10 min. Then 5 mL of supernatant was taken out 
separately and it was diluted with 5 mL of distilled 
water and 1 mL of 0.1% ferric chloride was  
added in the test solution and measured at the 
wavelength of 700 nm using UV-visible 
spectrophotometer19. The obtained absorbance value 
was directly proportional to the reducing power. 
All the assays were carried out in triplicate and the 
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results were expressed as mean values ± standard 
deviation.  

 
Sensory evaluation 

Twenty semi trained panelists were involved in the 
analysis. All the samples were arranged in a random 
sequence label with different code. A nine-point 
hedonic scale was used for the evaluation.  
 
Target protein structure preparation 

The X-ray crystal structure of SARS-CoV-2 
structural proteins Main Protein (PDB Accession ID: 
6LU7), Surfaces Spike-Protein with ACE-2 (PDB 
Accession ID: 7BZ5) was retrieved from RCSB PDB. 
Furthermore, the left over member of SARS-CoV-2 
structural proteins, due to lack in PDB structure 
Membrane Protein was modeled through the protein 
structure prediction tools of the I-Tasser server20. The 
modeled membrane protein was generated and top hit 
model was chosen based on C-score. Thus, protein 
structures were enhanced for preparation followed by 
the virtual screening and docking procedures. 
 
Protein and ligand preparation 

The three-dimensional structural proteins of SARS-
CoV-2 were incorporated within preparation wizard of 
Schrodinger 2018-4 suite (MAESTRO) for protein 
preparation. These structures contain residues with the 
missing atom, side chains and varied bond orders. The 
preprocess takes place for adding the missing atoms in 
the protein structure as well as the exclusion of water 
molecules. The structural optimization along with 
minimization was done using the force field (OPLS-
2005) to fix backbone atoms. Further, the site map is 
generated for the protein structures to locate its specific 
binding site. Top scored sites were predicted and for the 
chosen site receptor grid was generated. Thus, output 
grid file was generated to perform virtual screening (VS) 
in order to categorize the potent compounds.  

For the ligand preparation in the Schrodinger 2018-
4 suite, the LigPrep module was employed. To 
prepare the moringa leaf compounds for virtual 
screening, the whole set of compounds are retrieved 
from PubChem database. The conformers were 
generated for each and every compound minimization 
step using OPLS3 force field. The conformers with 
high energy were filtered and removed with a 
parameter set for 1Å of minimum atom deviation 
range. For the generated conformers the ligand 
preparation was done and processed for virtual 
screening21,22. 

Virtual screening 
The virtual screening (VS) module was employed 

to identify the potential antagonic compound from 
moringa leaves for  targeting SARS-CoV-2  structural 
protein using Schrodinger suite 2018-4 (MAESTRO) 
for targeting the and the compound prepared from the. 
This structure based workflow is calculated by using 
the OPLS3 force field and further the molecular 
docking approach for compound screening takes place 
using Glide docking. The screened top hits for SARS-
CoV-2 structural protein were listed based on the 
score/parameters of molecular docking protocol23-25. 
 
Density-functional theory (DFT) 

The calculation for DFT was performed in jaguar 
module of Schrodinger on the top hit compounds 
using the virtual screening procedure. The complete 
geometrical refinement for the selected top hits were 
calculated based on the HOMO, LUMO and MESP 
parameters. These DFT computation parameters were 
obtained based on the basic sets of 6-31G∗ followed 
by three parameters of Becke’s hybrid functions along 
with Lee-Yang-Parr’s (LYP) correlation functions 
(B3LYP). The transition of electron state reveals that 
the energy gap obtained was calculated to analyze the 
ligand stability and reactive state by using HUMO, 
LUMO and MESP parameters26,27. 
 
Molecular dynamics (MD) simulation  

Molecular Dynamics (MD) simulations were 
performed to confirm the backbone flexibility 
stability of SARS-CoV-2’s structural proteins using 
GROMACS version 2022.3 (Groningen Machine for 
Chemical Simulations) package. The analysis on the 
flexibility of the SARS-CoV-2’s protein provides 
details on the structural properties of the modeled and 
complex protein. The calculations indicate that all 
atoms that were immersed in the water molecules 
were also present in the corresponding particles. The 
volume, temperature, pressure, potential energy and 
total energy enhances the spatial properties for 
stabilizing targeted protein of interest. The topology 
generation for protein is accessed by Gromacs 
software utilities and for ligand topology ATB server 
is used28,29. SPC water molecules model were solvated 
to eliminate irrelevant atomic contacts under 
periodical defined conditions. To maintain the 
appropriate net neutral charge, ions (Na+ or Cl−) 
were countered throughout the system for 
maintenance. The energy minimization were done 
using the force field (GROMOS96 54a7)30. The Van 
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der Waals force was set to 9Å along with Ewald’s 
simulation technique to calculate the electrostatic 
interactions for long progress. The algorithm of 
Berendsen thermostat was applied for maintaining the 
constant temperature at 300 K of coupling interval 
0.1ps for NVT followed by pressure maintenance of 
1bar for NPT. The constraint solvers (SHAKE) and 
(LINCS) algorithms were applied for the bond length 
and geometrical constraints of protein present within 
water molecules respectively. Finally, the complexes 
were produced with MD simulations that lasted 50 
nanoseconds (ns) and apo structure dynamics with 
100 ns. The RMSD, RMSF hydrogen bond and 
calculations were used to determine the protein's 
structural alterations and dynamic behavior. The 
outputs were generated and the graphs were 
plotted31,32.  
 
ADME/T Prediction 

The compounds ADME calculation was performed 
using QikProp of Schrodinger’s 2018-4 module and 
toxicity profile was calculated using the server 
PROTOX https://tox-new.charite.de/protox_II. 
QikProp is a user friendly and accurate suite in 
predicting the physical descriptors and therapeutically 
important characteristics of organic compounds, 
individually or in batches. The compounds retrieved 
from the repository databases should obtain 3D-
structure not a 2D one and explicit mention of 
hydrogen atoms. A thorough investigation was done 
with Qikprop to quickly forecast the principal 
descriptors with ADME/T characteristics of each 
compounds. Qikprop provides parameters for 
evaluating a specific molecule’s characteristics in 
comparison to 95% of recognized drugs.  The 
investigation parameters like Lipinski’s rule of five, 
Cell line permeability (QPPCaco), Madin-Darby 
Canine Kidney cell permeability (QPPMDCK), 
Predicted Octanol/water partition Co-efficient 
(QPlogpo/w) and Human Oral Absorption (HOA%) 
were evaluated to find the potent hit from obtained 
compounds and further provided for the drug discovery 
process. Toxicology predictions were made using the 
ProTox-II server. Every compound was examined 
separately using organ toxicity and toxicity end points 
criteria. A scale from 1 to 6 was used to estimate the 
lethal dosage (LD50) value (acute oral toxicity in rats) 
and toxicity classes. Each defined category is 
presumptive with regard to the pharmacokinetic 
properties of the selected lead drugs33-36. 

Results and Discussion 
As a preliminary experiment, moringa leaves dried 

under room temperature was used for the moringa tea 
preparation using the boiling method. The prepared 
moringa tea was subjected to sensory evaluation  
with 20 members. Various characteristics such as tea 
appearance, color, flavor, taste and overall 
acceptability were determined by the evaluators. The 
results of the moringa tea evaluated by the panel are 
given in the table with standard error (Table 1).  

The major comment received from the panel 
members was that the tea contains raw moringa flavor 
with bitter taste. The flavor and taste were little better; 
hence a trial study was carried out on processing the 
moringa leaves under various conditions to overcome 
the stated comments about flavor and bitter taste. The 
presence of phenolic compounds like tannins, which 
are astringent and bitter, might have caused dry and 
pucker feeling in the mouth37. 

The polyphenols and flavonoids were the major 
cause for the expression of astringent bitter taste of 
tea38. The processing of the leaves may alter the nature 
of the compounds responsible for astringent and 
bitterness taste. Till now, there is no research work on 
identifying the individual or group of compounds in 
maintaining the standard quality of moringa tea. 
Various compounds present in moringa possess various 
health benefits, despite astringent and bitter tastes, 
which are unpleasant. They are desirable at moderate 
amounts considering the health benefits of flavonoids 
and phenols present in tea. Therefore, the moringa 
leaves were subjected to various treatment processes to 
reduce the strong flavor, astringent / bitter taste and to 
improve the color of the tea. 
 
Moisture content  

The moisture content of all the moringa leaves, 
which were processed under different conditions falls 
within the range of 9-11%. The moringa leaves, 
blanched for three min showed the maximum 
moisture (11%) content when compared with other 
processed leaves under various conditions. No 
significant variations in results were observed among 
the various treatments except blanching. 

Table 1 — Sensory evaluation of moringa tea 
Parameters 
Appearance 
Color 
Flavor 
Taste 
Overall acceptability 

Percentage (%) 
79±0.7 
76±0.7 
67±1.3 
65±1.7 
72±1.4 
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Scan analysis of moringa tea 
The color of the tea is an important factor, which 

should be appealing to attract people to taste it. The 
color of the tea was evaluated through visual 
observation. The color of the tea was increased as the 
exposure period increased and the color was reduced 
after 3 min exposure in the microwave, blanching and 
steaming, and in hot air oven exposure over 3 h the 
color was reduced (Figs 1 & 2). The reason for the 
color reduction may be due to the degradation of few 
phytochemical compounds, which were sensitive to 
overheating. The color of the tea prepared from the 
leaves processed at hot air oven for 2 h found to be 
reddish brown in color and the raw moringa flavor 

was reduced significantly. Meanwhile, the bitter taste 
also reduced, which was acceptable in both tea bag 
and boiling method.  

To detect the presence of phytochemicals in the 
moringa tea, samples were analyzed by scanning the 
extract in UV-Visible spectrometer from 200-800 nm. 
Two peaks were observed in all the processed 
moringa leaf tea, first peak was in the wavelength 
range from 258-260 nm and the second peak found in 
the wavelength range from 323-326 nm. Both these 
peaks were observed in tea prepared using tea bag and 
direct boiling. The scan analysis results corroborated 
with the results of the color, the absorption value was 
decreased as exposure increased in microwave, 
blanching and hot air oven treatments group except 
steaming treatment. When compared with the other 
treatments based on color and absorption values the 
hot air oven exposure showed better color and high 
absorption value. The absorption value increased due 
to the activation of polyphenols and flavonols present 
in the tea, when the leaves exposed to heat. Further, 
the presence of phenols and flavonoids, and their 
impact on their activity was determined by various 
assays. 

The color of the tea prepared from the leaves 
processed in hot air oven for 2 h was found to be 
reddish brown in color and the raw moringa flavor 
also subsided. Meanwhile, the taste of bitterness also 
reduced, which was acceptable in both tea bag and 
boiling method.  
 
Total phenol and flavonoid contents of the tea  

The effect of various treatments on the phenolic 
and the flavonoids content of moringa tea prepared 
using tea bag and direct boiling method. The results 
revealed that phenols present in the moringa leaves 
gradually decreased as the exposure period  
increases in all the three treatments such as blanching 
(381-216 µg/ mL), steaming (421-322 µg/ mL) and 
hot air oven (352-304 µg/ mL) except the microwave 
treatment (419-435 µg/ mL), the leaves treated at 
room temperature showed 389 µg/ mL. Whereas, in 
microwave exposure the phenolic content was 
increased as the exposure time increased due the 
release of bound phenol compound in the cells 
membrane. The phenolic content was found to be 
more in the tea prepared using direct boiling method, 
where maximum phenolic compounds were released 
than the tea prepared using a tea bag (19-55 µg/ mL). 
Similarly, the flavonoid compounds were also 
increased in microwave (554-625 µg/ mL), steaming 

 
 

Fig. 1 — Color of tea prepared through boiling using tea bag 
 

 
 

Fig. 2 — Color of tea prepared through direct boiling 
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(457-516 µg/ mL) and hot air oven (352-304 µg/ mL) 
expects blanching method (365-512 µg/ mL), which 
indicates the release of flavonoid compound when 
exposure period increases under temperature or 
irradiation. The release of flavonoid was observed to 
be less in tea bag method for the treatment group, the 
values fall within the range of 161-512 µg/ mL. The 
availability of phenolic or flavonoid compounds in 
moringa leaves depends on various factors like the 
conditions of soil and its nutrient factor, climatic 
zone, and suitable temperature in which the 
compound extracted under various conditions39.  

Researchers also found that gamma irradiation 
influences the phenolic and flavonoid content in the 
moringa and increase the antioxidant40, which adds 
the credits to our results that temperature or 
irradiation increase or decrease the phenolic or 
flavonoid content in the moringa tea. On the other 
hand, research conducted at M. stenopetala leaf 
showed the highest amounts of total flavonoid using 
decoction for 5 min extract due to the longer exposure 
of leaves to heat, whereas the lowest amounts of 
flavonoid were obtained in cold water extraction41. 
 
Antioxidant and reducing power of moringa tea  

The presence of antioxidants and their free radical 
scavenging activity were measured by DPPH and 
ferric reducing antioxidant power assays. The 
scavenging effects were found to be more for the 
treated moringa leaves at microwave (85-90 %) and 
hot air oven (87-85 %). The antioxidant activity was 
observed in all the tea prepared from the processed 
leaves at different conditions than the leaves dried 
under room temperature (48 %), which indicates that 
the content of phenol or flavonoid increasing under 
exposure to various conditions, so it proportionally 
increases the antioxidant activity. Similarly, the 
reducing power was also found to be more in the 
processed leaf tea (91 – 149 % inhibition) than the 
room temperature (48 %), especially microwave 
treatment (113-149 % inhibition) possess more 
reducing power. Overall, the activity was less for tea 
prepared through tea bag method as compared with 
direct boiling method. Research work of Pham et al42 
showed that, H. hirsute L. leaves processed under hot-
air drying at 80°C showed the significant levels of 
polyphenols, flavonoids and saponins than leaves 
treated under low temperature and infrared drying. 
Similarly, earlier report on antioxidant and total 
phenolic content, which was increased in Smallanthus 
sonchifolius peels when it was heated at 100°C for  

60 min43. Another study evaluated the changes in 
phenolics, which varied significantly with the heating 
time and temperature increased till 130°C44. All these 
research findings supported the present research work 
and proved that moringa leaves treated at hot air oven 
for two h possess more flavonoid and phenols, which 
were found to exhibit strong antioxidant with high 
reducing power. 
 
Apo –dynamics Simulation 

The MD simulation run were performed thoroughly 
in the solvated water molecule to evaluate the stability 
and conformational changes of the modeled SARS-
CoV-2’s protein. This study outcome demonstrated 
that the model is relatively stable in the natural state 
and the MD simulation meets the demand for energy 
efficiency. The model is generated stably from 
10000ps to 100000ps with a mean of 0.4 to 0.5Å of 
the deviation value, as evidenced by the backbone 
atoms RMSD (Fig. 3). Initially with the same range of 
runs from 1ps to 1000 ps of simulation, the simulation 
of any kind of complexes first attains the peak rise  
up value and attains the stability check. The  
RMSD production of MD investigations for  
SARS-CoV-2’sprotein have developed into a stable 
state. This shows that after 1000ps of simulation, the 
degree of compaction in the structure remains steady. 
The resulting model passed all the quality assurance 
tests, and it is thus suggested that this model has a 
good estimation of SARS-CoV-2’s structure and may 
be used to describe different receptor-ligand complex 
interaction studies and to examine the link between 
the structure and function. 
 

 
Fig. 3 — Backbone stability for the SARS-CoV-2 membrane
protein 
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Virtual screening against SARS-CoV-2’s main protein with 
the Moringa oleifera leaves compound 

A huge set of compounds from Moringa oleifera 
leaves compounds were docked against Main protein 
(PDB Accession id: 6LU7) of SARS-CoV-2 (Fig. 
4A). The top hits 45273840, 44259144, 10121947, 
5320835, 5318767, 5280805, 12304324 and 
71459647 were chosen for their best scoring function 

against SARS-CoV-2 main protein (Table 2). Among 
them compound 45273840 strongly docked with a 
score -13.735 kcal/mol and their following amino acid 
residues ASN142, GLU166, GLY143, THR25, and 
THR190 are interacting with their compound. The 
compound 44259144 firmly docked with a score of -
13.166 kcal/mol and interactive with the residues 
LEU141, GLU166, HIS41, HIS164, THR26, and 

 
 

Fig. 4 — 2D-Interactions binding mode of Moringa oleifera leaves compound with SARS-CoV-2 (A) Main protein; (B) Spike protein;
and (C) Membrane protein 
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THR190 residues. The 10121947 compound attains 
the docking value of -11.807 kcal/mol and interactive 
with GLU166, PHE140, SER46, and THR26 residues. 
The compound 5320835 docked with a score of -
11.224 kcal/mol and compound interactive with  
the residues ASN142, ARG188, GLU166, SER46, 
and THR26. The compound 5318767 obtains -11.117 
kcal/mol as docking score and interacts with  
ASN142, GLU166, LEU141, THR26, and THR190 
residues. The 5280805 compounds got a docked  
score with the value -11.045 kcal/mol interactive with 
their residues ASN142, GLU166, HIS41, and 
HIS164.The 12304324 compound obtained a docked 
score -10.745 kcal/mol with respective to the 
interaction of compound with ASN142, GLU166, and 
THR26 residues. The 71459647 compound attains the 
docked score of -10.659 kcal/mol, and interactive 
with their residues ASP187, GLU166, GLY143, 
LEU141, PHE140, SER46, THR25, THR26.  
Overall, residues interactions play a major role in 
SARS-CoV-2’s main protein agonist activity. 

 
Virtual screening against SARS-CoV-2’s spike protein with 
the Moringa oleifera leaves compound 

A huge set of compounds from Moringa oleifera 
leaves compounds were docked against spike protein 
(PDB Accession id: 7BZ5) of SARS-CoV-2  
(Fig. 4B). The top hits 45273840, 5320835, 
44258792, 5901757, 5481663, 6255, 13915496, 
14730813, 107876 and 10088114 were chosen for 
their best scoring function against SARS-CoV-2 main 

protein (Table 3). Among them compound 45273840 
strongly docked with a score -10.522 kcal/mol and 
their following amino acid residues ASP428, 
ARG357, GLU516, and LEU517 are interacting with 
their compound. The compound 5320835 firmly 
docked with a score -10.038 kcal/mol and interactive 
with the residues ASP428, LEU517, and THR430 
residues. The 44258792 compound attains the 
docking value of -9.063 kcal/mol and interactive with 
ASP428, ARG357, LEU517, and THR430 residues. 
The compound 5901757 docked with a score of -
8.996 kcal/mol and compound interactive with the 
residues ASP428, ARG357, LEU517, PRO463, and 
THR430. The compound 5481663 obtains -8.882 
kcal/mol docked score and interacts with ASP428, 
ARG355, and THR430 residues. The 6255 
compounds got a docked score with the value -8.846 
kcal/mol and interactive with their residues ASP428, 
GLU516, and LEU517.The 13915496 compound 
obtained a docked score -8.654 kcal/mol with 
respective to the interaction of compound with 
ASP428, ARG355, LEU517, PHE464, and THR430 
residues. The 14730813 compound attains the docked 
score of -8.625 kcal/mol, and interactive with their 
residues ARG355, ARG357, GLU516, PRO463, and 
THR430. The 107876 compound attains the docking 
value of -8.606 kcal/mol and interactive with 
ASP428, ARG355, and GLU516 residues. The 
compound 10088114 obtains -8.559kcal/mol as 
docking score and interacts with ASP428, ARG355, 
PHE515, and THR430 residues. Overall, residues 

Table 2 — Virtual screening analysis of SARS-CoV-2 for its main protein with the Moringa oleifera leaves compound 

Compound 
Code 

Compound Name Docking 
Score 

(kcal/mol) 

Glide score 
(kcal/mol) 

Glide Energy 
(kcal/mol) 

Interacting Residues 

45273840 D-Glucopyranosyl) -(alpha-1,6) -(D-
glucopyranosyl)-(alpha-1,6)-(3-O-[D-
glucopyranosyl)-(alpha-1,3)]- 
D-glucopyranosyl)-(alpha-1,6)-alpha/beta-
D-glucopyranoside 

-13.735 -13.735 -65.408 ASN142, GLU166, GLY143, 
THR25, THR190 

44259144 Quercetin 3-sophoroside -13.166 -13.195 -69.485 GLU166, HIS41, HIS164, LEU141, 
THR26, THR190 

10121947 Quercetin 3,7-Diglucoside -11.807 -11.807 -65.586 GLU166, PHE140, SER46, THR26 
5320835 Quercetin 3,4'-diglucoside 

 
-11.224 -11.225 -66.727 ASN142, ARG188, GLU166, 

SER46, THR26 
5318767 Nicotiflorin -11.117 -11.117 -71.482 ASN142, GLU166, LEU141, 

THR26, THR190 
5280805 RUTIN -11.045 -11.073 -68.205 ASN142, GLU166, HIS41, HIS164 
12304324 Quercetin-3-O-d-glucopyranoside -10.745 -10.773 -59.055 ASN142, GLU166, THR26 
71459647 Allivictoside A -10.659 -10.657 -64.752 ASP187, GLU166, GLY143, 

LEU141, PHE140, SER46, THR25, 
THR26 
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interactions play a major role in SARS-CoV-2’s spike 
protein agonist activity. 
 

Virtual screening against SARS-CoV-2’s membrane protein 
with the Moringa oleifera leaves compound 

A huge set of compounds from Moringa oleifera 
leaves compounds were docked against spike protein 
(PDB Accession id: 7BZ5) of SARS-CoV-2 (Fig. 
4C). The top hits 14730813, 12304324, 5280804, 
5281643, 5378180, 1794427, 9851181, 10929258, 
6474640 and 6255 were chosen for their best scoring 

function against SARS-CoV-2 main protein (Table 4). 
Among them compound 14730813 strongly docked 
with a score -10.411 kcal/mol and their following 
amino acid residues ARG107, ALA104, and SER108 
are interacting with their compound. The compound 
12304324 firmly docked with a score of -7.940 
kcal/mol, and interactive with the residues ALA104, 
PHE103, and PHE112 residues. The 5280804 
compound attains the docking value of -7.766 
kcal/mol and interactive with ALA104 and SER108 

Table 3 — Virtual screening analysis of SARS-CoV-2 for its Spike protein with the Moringa oleifera leaves compounds 

Compound 
Code 

Compound Name Docking Score 
(kcal/mol) 

Glide score 
(kcal/mol) 

Glide Energy 
(kcal/mol) 

Interacting Residues 
(kcal/mol) 

45273840 D-Glucopyranosyl) -(alpha-1,6)-(D-glucopyranosyl)-
(alpha-1,6)-(3-O-[D-glucopyranosyl)-(alpha-1,3)]- 
D-glucopyranosyl)-(alpha-1,6)-alpha/beta-D-
glucopyranoside 

-10.522 -10.522 -45.706 ASP428, ARG357, 
GLU516 LEU517 

5320835 Quercetin 3,4'-diglucoside -10.038 -10.059 -48.969 ASP428, LEU517, 
THR430 

44258792 Diphylloside B -9.063 -9.063 -54.378 ASP428, ARG357, 
LEU517, THR430 

5901757 Dactylin -8.996 -8.996 -53.353 ASP428, ARG357, 
LEU517, PRO463, 
THR430 

5481663 Narcissoside -8.882 -8.911 -48.999 ASP428, ARG355, 
THR430 

6255 Maltose -8.846 -8.846 -37.190 ASP428, GLU516, 
LEU517 

13915496 Kaempferol 3-neohesperidoside -8.654 -8.683 -52.023 ASP428, ARG355, 
LEU517, PHE464, 
THR430 

14730813 Quercetin 3-(6''-malonyl-glucoside) -8.625 -8.653 -46.215 ARG355, ARG357, 
GLU516, PRO463, 
THR430 

107876 Procyanidin -8.606 -8.606 -52.864 ASP428, ARG355, 
GLU516 

10088114 Gallic acid 4-O-glucoside -8.559 -8.565 -32.324 ASP428, ARG355, 
PHE515, THR430 

 

Table 4 — Virtual screening analysis of SARS-CoV-2 for its Membrane protein with the Moringa oleifera leaves compounds 

Compound 
Code 

Compound Name Docking Score 
(kcal/mol) 

Glide score 
(kcal/mol) 

Glide Energy 
(kcal/mol) 

Interacting Residues 

14730813 Quercetin 3-(6''-malonyl-glucoside) -10.411 -10.410 -42.135 ARG107, ALA104, SER108 
12304324 Quercetin-3-O-d-glucopyranoside -7.940 -7.969 -40.560 ALA104, PHE103, PHE112 
5280804 Isoquercitrin -7.766 -7.795 -35.980 ALA104, SER108 
5281643 Hyperoside -7.751 -7.780 -44.436 ARG107, PHE112, SER108, THR61 
5378180 Flavone -7.707 -7.742 -36.976 ALA104, ARG107, SER108, 

SER111 
1794427 Chlorogenic acid -7.564 -7.567 -33.081 ALA104, ARG107, SER108 
9851181 Isorhoifolin -7.532 -7.532 -55.231 ARG107, LEU57, SER108 
10929258 4-O-galloylchlorogenic acid -7.285 -7.285 -39.905 ARG107, SER108 
6474640 1,3-Dicaffeoylquinic acid -7.275 -7.275 -43.202 ALA104, PHE112, SER108 
6255 Maltose -7.208 -7.208 -29.964 ALA104, PHE112 
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residues. The compound 5281643 docked with a score 
of -7.751 kcal/mol and compound interactive with the 
residues ARG107, PHE112, SER108, and THR61. 
The compound 5378180 obtains -7.707 kcal/mol 
docked score and interacts with ALA104, ARG107, 
SER108, and SER111residues. The 1794427 
compounds got a docked score with the value -7.564 
kcal/mol and interactive with their residues ALA104, 
ARG107, and SER108.The 9851181 compound 
obtained a docked score -7.532 kcal/mol with 
respective to the interaction of compound with 
ARG107, LEU57, and SER108 residues. The 
10929258 compound attains the docked score of -
7.285 kcal/mol, and interactive with their residues 
ARG107, and SER108. The 6474640 compound 
attains the docking value of -7.275 kcal/mol and 
interactive with ALA104, PHE112, and SER108 
residues. The compound 6255 obtains -7.208 
kcal/mol, docking score and interacts with ALA104 
and PHE112 residues. Overall, residues interactions 
play a major role in SARS-CoV-2’s membrane 
protein agonist activity. 

The top five hit compounds for the main protein, 
spike protein and membrane protein of SARS-CoV-2 
were chosen for further validation through molecular 
dynamic simulation. 
 
Molecular dynamics analysis 

The MD simulation for the complexes was 
performed. The complex dynamics, evaluates protein 
flexibility and stability of the dynamic model. In 
addition, we found that all of the approaches were 
stable and that the simulations fell within an 
acceptable range. 
 
Root mean square deviation 

RMSD for back bone atomic value calculated  
to identify the structural changes and dynamic 
behavior of our protein complex. The RMSD plots  
of Main protein, spike protein and membrane  
protein with the screened top 5 compounds were 
obtained (Fig. 5A-C). In other criteria RMSD plots of  
Main protein with its top 5 compounds were 
displayed in figure.  

In Main protein the top hits of 5 compounds chosen 
wereID-45273840, ID-44259144, ID-10121947,  
ID-5320835 and ID-5318767. The first RMSD  
of Main protein and 45273840 (Compound ID)  
ligand complexes reaches the value of 0.3 nm 
between 5 ns to 45 ns, followed by44259144 
(Compound ID) ligand complexes reaches the value 

of 0.45 nm between 15 ns to 50 ns, 10121947 
(Compound ID) ligand complexes reaches the value 
of 0.25 nm between 10 ns to 50 ns, 5320835 
(Compound ID) ligand complexes reaches the value 

 
 

Fig. 5 — RMSD of SARS-CoV-2 (A) Main protein; (B) Spike
protein; and (C) Membrane protein with Moringa oleifera leaves
compound  
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of 0.25 nm between 5 ns to 50 ns and5318767 
(Compound ID) ligand complexes reaches the value 
of 0.25 nm between 5 ns to 50 ns  it reveals greater 
conformation stability of the protein–ligand complex 
(Fig. 5A).  

In spike protein the top hits of 5 compounds chosen 
were ID-45273840, ID-5320835, ID-44258792, ID-
5901757and ID-5481663. The first RMSD of spike 
protein and 45273840(Compound ID) ligand 
complexes reaches the value of 0.35 nm between 15 
ns to 45 ns, followed by5320835(Compound ID) 
ligand complexes reaches the value of 0.3 nm 
between 20 ns to 40 ns, 44258792(Compound ID) 
ligand complexes reaches the value of 0.3 nm 
between 10 ns to 50 ns, 5901757(Compound ID) 
ligand complexes reaches the value of 0.35 nm 
between 10 ns to 50 ns and5481663(Compound ID) 
ligand complexes reaches the value of 0.35 nm 
between 18 ns to 50 ns  it reveals greater 
conformation stability of the protein–ligand 
complexes (Fig. 5B).  

In Membrane protein the top 5 hit compounds were 
chosen 14730813, 12304324, 5280804, 5281643, and 
5378180. The first RMSD of membrane14730813 
(Compound ID) ligand complexes reaches the value 
of 0.5 nm between 10 ns to 45 ns, followed 
by12304324 (Compound ID) ligand complexes 
reaches the value of 0.5 nm between 10 ns to 50 ns, 
5280804 (Compound ID) ligand complexes reaches 
the value of 0.55 nm between 5 ns to 50 ns, 5281643 
(Compound ID) ligand complexes reaches the value 
of 0.55 nm between 3 ns to 45 ns and 5378180 
(Compound ID) ligand complexes reaches the value 
of 0.5 nm between 20 ns to 50 ns  it reveals greater 
conformation stability of the protein–ligand complex 
(Fig. 5C).  
 
Root-mean-square fluctuation  

The root-mean-square fluctuation (RMSF) 
analysis describes the protein residue flexibility for 
50 ns run. The RMSF value of docked complex has 
been calculated and plots in (Fig. 6A-C). The 
overall average RMSF values of In Main protein 
the top hits of 5 compounds chosen were ID-
45273840, ID-44259144, ID-10121947, ID-
5320835 and ID-5318767, In spike protein the top 
hits of 5 compounds chosen were ID-45273840, ID-
5320835, ID-44258792, ID-5901757and ID-
5481663, In Membrane protein the top 5 hit 
compounds were chosen 14730813, 12304324, 
5280804, 5281643, and 5378180are calculated.   

Hydrogen bonding analysis  
To determine the pace at which drugs binds to the 

active region/ site of SARS-CoV-2’s structural 
proteins, studies examined the time dependence of the 
hydrogen bonds amongst drug-like molecules and  

 
 
Fig. 6 — RMSF of SARS-CoV-2 (A) Main protein; (B) Spike
protein; and (C) Membrane protein with Moringa oleifera leaves
compound  
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Fig. 7 — Hydrogen bond analysis of SARS-CoV-2 (A) Main protein; (B) Spike protein; and (C) Membrane protein with Moringa 
oleifera leaves compound  
 

Table 5 — Density Functional Theory analysis for Moringa oleifera leaves compounds 

S. No. Compound Id HOMO (eV) LUMO (eV) HLG (eV) Solvation Energy (kcal/mol) 
1 5280804 -0.213126 -0.055929 -0.157197 -36.43 
2 5281643 -0.212246 -0.055690 -0.156556 -34.21 
3 12304324 -0.214066 -0.056459 -0.157607 -31.17 
4 5318767 -0.218749 -0.056785 -0.161964 -41.12 
5 13915496 -0.216805 -0.057200 -0.159605 -36.22 
6 5320835 -0.215902 -0.058247 -0.157655 -43.27 
7 10121947 -0.211537 -0.063589 -0.147948 -33.42 
8 6255 -0.243270 0.056442 -0.299712 -29.92 
9 107876 -0.208284 -0.009306 -0.198978 -34.14 
10 1794427 -0.193880 -0.062468 -0.131412 -78.93 
11 10088114 -0.191816 -0.009378 -0.182438 -85.21 
12 14730813 -0.196921 -0.055064 -0.141857 -90.71 
13 71459647 -0.219730 -0.065758 -0.153972 -46.12 
14 452738490 -0.248375 0.038744 -0.287119 -102.19 
15 44259144 -0.210988 -0.057126 -0.153862 -65.73 
16 44258792 -0.216835 -0.059944 -0.156891 -73.14 
17 10929258 -0.214540 -0.066797 -0.147743 -109.76 
18 5901757 -0.220624 -0.064833 -0.155791 -60.36 
19 5481663 -0.216258 -0.062458 -0.1538 -57.40 
20 5280805 -0.214897 -0.061342 -0.153555 -67.97 
21 5378180 -0.220051 -0.060786 -0.159265 -46.73 
22 9851181 -0.222731 -0.066038 -0.156693 -54.32 
23 6474640 -0.214324 -0.067999 -0.146325 -109.00 

 

receptors over the period of simulations. The 
finding indicated a connection between the 
biological effects of its most effective inhibitory 
drugs and the recently identified intermolecular 
bonding of hydrogen. The Moringa oleifera leaves 
compound has a sustained hydrogen bonds interacts 
throughout the simulation, which suggested that it 
might be favorable for complexes (Fig. 7A-C). 

DFT Calculations  
Jaguar module of Schrodinger software was 

performed to calculate the DFT for the top hits. The 
HOMO and LUMO values calculation for Moringa 
oleifera leaves compounds and the values ranges from 
-0.191816 to -0.248375, and -0.009306 to 0.056442, 
which was shown in (Table 5 and Fig. 8). 

The ligands DFT results prove that they have a 
higher electron donor and acceptor activity, and the  
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Fig. 8 — DFT calculations of Moringa oleifera leaves compound for SARS-CoV-2 structural proteins 
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Table 6 — ADME analysis for Moringa oleifera leaves compounds 

Compound ID QPlogPo/w QPlogBB QPPMDCK QPPCaco Rule Of Five Human Oral 
Absorption 

Percent of Human 
Oral Absorption 

6255 -3.661 -2.66 5.485 15.528 2 1 0.911 
107876 0.076 -4.956 0.127 0.476 3 1 0 
1794427 -0.25 -3.317 0.666 1.768 1 1 16.949 
5280804 -1.463 -3.727 0.717 2.363 2 1 0 
5280805 -2.695 -5.29 0.096 0.368 3 1 0 
5281643 -1.428 -3.69 0.81 2.646 2 1 0.229 
5318767 -2.08 -3.822 0.528 1.782 3 1 0 
5320835 -3.521 -5.879 0.042 0.17 3 1 0 
5378180 -0.843 -2.948 1.989 6.074 1 2 23.073 
5481663 -1.867 -3.75 0.922 2.984 3 1 0 
5901757 -2.552 -4.376 0.597 1.994 3 1 0 
6474640 0.73 -4.791 0.146 0.433 3 1 0 
9851181 -1.371 -4.119 1.246 3.942 3 1 0 
10088114 -1.981 -3.195 0.424 1.164 1 1 3.567 
10121947 -3.465 -5.75 0.067 0.263 3 1 0 
10929258 -0.282 -5.215 0.037 0.123 3 1 0 
12304324 -1.416 -3.355 1.319 4.155 2 1 3.808 
13915496 -1.73 -3.485 1.937 5.927 3 1 0 
14730813 -0.496 -4.021 0.136 0.406 3 1 0 
44258792 -1.648 -5.944 0.198 0.717 3 1 0 
44259144 -3.234 -4.97 0.145 0.539 3 1 0 
45273840 -9.987 -8.027 0.004 0.018 3 1 0 
71459647 -1.222 -7.307 0.037 0.151 3 1 0 

 

 
data were trustworthy for docking. The top fifteen 
compounds, MESP's stereo electrical property, as well 
as additional properties including solvation energy, 
HOMO, and LUMO, was shows in (Fig. 8). The 
highest hit compound solvation energies of Moringa 
oleifera range from -29.92 to -109.76 kcal/mol  
(Table 5). The compounds exhibited more soluble in 
water as evidenced by the solvation energy values, 
which were higher negative value range. The results 
allow us to calculate the ligands solvation energies, 
which is essential for determining the compound's 
water solubility. Overall, the DFT was used to 
establish the replacement effects in protein-ligand 
interactions and compound molecular stability. 
 
ADME prediction 

The ADME identifies SARS-CoV-2’s potential 
antagonist compounds using QikProp module. The list 
of descriptors with drug-likeness results including 
rule of five was tabulated (Table 6). The ADME 
prediction using in silico is essential for predicting the 
molecules biological effect before proceeding with 
experimental testing. The Qplogpo/w of partial 
coefficient determines the ratio concentration ranges 
from -9.987 to 0.735. The QPPCaco value determines 

drug metabolism in human body conditions from 
0.018 to 15.528. The drug HOA was estimated 
ranging from 1 to 2. The observations of ADME 
results for all the screened compounds have 
acceptable range and it attains the drug-likeness 
property (Table 6). Further these drugs are found 
within the range of acceptance and had a potent drug-
likeness property for humans. 

 
Toxicity prediction 

The ProTox-II is a online server used for 
predicting the toxicity profile for the selected 
compounds. The results assisted to define the organ 
toxicity and toxicity end points criteria. All 
compounds obtained are classified from class III to 
class V, acceptable in range and may need to be 
modified if adverse reactions are observed (Table 7). 
The LD50 value for the compounds ranges from 51 
to 5000 mg/kg. The predictions have a range of 
probability from 0.52 to 0.99. The Fifteen reported 
compounds of showed better toxicity profiles. 
Overall, the obtained hits showed the normalized 
toxicity level. The validation can further tested in  
in vitro and in vivo analysis for confirming 
permissible toxicity profile. 
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Conclusion 
The processing of moringa leaves at 60°C for 2 h 

increased the quantity of phenols and flavonoid 
components in tea, which promote and regulates as an 
immune booster for the human health. According to 
the study, moringa tea or soup is a high phenolic and 
flavonoids-rich beverage with antioxidant property.  
Value added products like tea prepared from moringa 
can be affordable by all socio-economic people and 
improve their health benefits. The moringa leaves 
were rich in nutritional content and function as an 
immune booster against SARS-CoV-2.  This article’s 
overview opens the path for the nutrigenomics 
approach and targeted structural proteins (Main 
protein, Spike glycoprotein and Membrane protein) 
research using the in-silico technique and screened 
moringa leaves compounds. The virtual screening was 
employed for the SARS-CoV-2 structural proteins.  
Overall, the screened compounds from the Moringa 
leaves were targeted for SARS-CoV-2 structural 
proteins. Among the compounds from  
Moringa oleifera the compounds D-Glucopyranosyl) -
(alpha-1,6)-(D-glucopyranosyl)-(alpha-1,6)-(3-O-
[D-glucopyranosyl)-(alpha-1,3)]-D-glucopyranosyl)-
(alpha-1,6)-alpha/beta-D-glucopyranoside has better 
potential inhibitory profile because inhibits or binds to 

two structural proteins (main protein and Spike 
protein) of SARS-CoV-2. As a result, this obtained 
compounds from the Moringa leaves show a potent 
antagonist activity against SARS-CoV-2’s structural 
proteins. Along with specific medicine the agonist/ 
vaccines of SARS-CoV-2, this whole extract tea/ soup 
of moringa leaves helps patients to overcome out of 
clinical pathogenesis; because several compounds 
present in moringa leaves binds to major structural 
protein of SARS-CoV-2.  So that it could be a good 
alternative supplementary food product to overcome 
with the disease pathogenesis.  Thus, the in silico 
approach paves the way for understanding the action 
mechanism of moringa leaves compounds against 
SARS-CoV-2’s structural proteins. 
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Table 7 — Toxicity analysis of Moringa oleifera leaves compounds 

S. No. Compound 
Id 

Predicted 
LD50 mg/kg 

Predicted 
toxicity class 

Hepatotoxicity Carcinogenicity Immunotoxicity Mutagenicity Cytotoxicity 

1 45273840 51 III Inactive (0.91) Inactive (0.93) Inactive (0.96) Inactive (0.88) Inactive (0.79) 
2 44259144 5000 V Inactive (0.83) Inactive (0.85) Active (0.94) Inactive (0.74) Inactive (0.67) 
3 10121947 5000 V Inactive (0.83) Inactive (0.85) Active (0.71) Inactive (0.74) Inactive (0.67) 
4 5320835 5000 V Inactive (0.83) Inactive (0.85) Active (0.85) Inactive (0.74) Inactive (0.67) 
5 5318767 5000 V Inactive (0.80) Inactive (0.91) Active (0.95) Inactive (0.88) Inactive (0.64) 
6 5280805 5000 V Inactive (0.80) Inactive (0.91) Active (0.98) Inactive (0.88) Inactive (0.64) 
7 12304324 5000 V Inactive (0.82) Inactive (0.85) Active (0.66) Inactive (0.76) Inactive (0.69) 
8 71459647 5000 V Inactive (0.80) Inactive (0.85) Active (0.99) Active (0.53) Inactive (0.71) 
9 44258792 5000 V Inactive (0.73) Inactive (0.82) Active (0.99) Inactive (0.68) Inactive (0.66) 
10 5901757 5000 V Inactive (0.85) Inactive (0.9) Active (0.93) Inactive (0.69) Inactive (0.55) 
11 5481663 5000 V Inactive (0.81) Inactive (0.93) Active (0.99) Inactive (0.90) Inactive (0.52) 
12 6255 51 III Inactive (0.91) Inactive (0.93) Inactive (0.97) Inactive (0.88) Inactive (0.79) 
13 13915496 5000 V Inactive (0.81) Inactive (0.90) Active (0.98) Inactive (0.73) Inactive (0.66) 
14 14730813 5000 V Inactive (0.84) Inactive (0.82) Inactive (0.57) Inactive (0.58) Inactive (0.67) 
15 107876 2170 V Inactive (0.76) Inactive (0.60) Inactive (0.70) Inactive (0.73) Inactive (0.74) 
16 10088114 3750 V Inactive (0.87) Inactive (0.76) Inactive (0.98) Inactive (0.77) Inactive (0.87) 
17 5280804 5000 V Inactive (0.82) Inactive (0.85) Active (0.66) Inactive (0.76) Inactive (0.69) 
18 5281643 5000 V Inactive (0.82) Inactive (0.85) Active (0.66) Inactive (0.76) Inactive (0.69) 
19 5378180 832 IV Inactive (0.81) Inactive (0.72) Inactive (0.82) Active (0.52) Inactive (0.87) 
20 1794427 5000 V Inactive (0.72) Inactive (0.68) Active (0.99) Inactive (0.93) Inactive (0.80) 
21 9851181 5000 V Inactive (0.81) Inactive (0.91) Active (0.76) Inactive (0.68) Inactive (0.65) 
22 10929258 3800 V Inactive (0.71) Inactive (0.67) Active (0.99) Inactive (0.86) Inactive (0.83) 
23 6474640 5000 V Inactive (0.71) Inactive (0.65) Active (0.98) Inactive (0.85) Inactive (0.84) 
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