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Abstract
Background: Coronavirus Disease (COVID-19), caused by novel SARS CoV-2 is rapidly spreading all over the World creating
a global public health emergency at unprecedented levels. Till today, no effective treatments or vaccines against this global
pandemic is reported and hence to identify lead compounds having potential action in controlling the spread the pandemic
is a global concern. This study aimed at in silico screening of phytocompounds from M.oleiera leaf against novel SARS
CoV-2 main protease (Mpro) through molecular docking. M.oleiera is an Indian medicinal plant as well as a vegetable, all
parts of the plant is medicinally useful and is being used in many of the traditional and Ayurvedic medicinal preparations.
Result: When the 19 compounds identified from M.oleifera leaf methanolic extract by Liquid Chromatography Mass
Spectrometry (LCMS/MS) analysis and 5 FDA approved anti-viral drugs were screened in silico with SARS CoV-2 main
protease (Mpro), the following compounds showed top interaction; apigenin-7-O-rutinoside (-8.8 kcal/mol), Mudanpioside
(-8.3 kcal/mol), isoquercetin (-8 kcal/mol), isoquercitrin (-8 kcal/mol), quercetin (-7.8 kcal/mol) and dihydroquercetin (-7.8
kcal/mol). Anti-viral drugs: Raltegravir (-7.2 kcal/mol), Lopinavir-Ritonavir (-7.7 kcal/mol), maraviroc (-8.2 kcal/mol),
Nelfinavir (-8.3 kcal/mol) and Tipranavir (-9.2 kcal/mol) also showed active interaction with Mpro. Preliminary
phytochemical screening of methanol extract showed the presence of flavonoids, cardiac glycosides, phenols, coumarins,
saponins, steroids and phytosteroids. In vitro antioxidant activity of methanolic extract of M.oleifera also showed greater
activity, which would ameliorate the post-COVID secondary infection.
Conclusion: Hence these compounds from M.oleifera, which are our diet based components, which can interact with the
Mpro and curtail COVID-19 virus multiplication in the host cell.

Background
Corona viruses (SARS-CoV-2) are enveloped viruses belonging to the family Coronaviridae, and subfamily Coronavirinae.
The virion of SARS-CoV-2 consists of crown shaped peplomers and possess positive stranded genome of ∼30kb size
consisting of a 5’ cap and 3’ poly A tail. A helical capsid is also present within the viral membrane consisting of genomic
RNA complexed with nucleocapsid. There are four genera of corona viruses; alpha, beta, gamma and delta. Alpha and beta
causes infections in mammals while the other two affects birds and mammals commonly [1]. HCoV-229E, HKU1, HCoVNL63 and HCoV-OC43 are the human corona viruses which cause mild upper respiratory infection to highly contagious
Severe Acute Respiratory Syndrome coronavirus (SARS-CoV) and Middle East Respiratory Syndrome coronavirus (MERS
CoV) [2].
As per the recent report on 29th July 2020 of COVID-19 by WHO total 16 558 289 were infected people and a total of 656
093 deaths globally (https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200729-covid-19). The
causative agent of ongoing COVID-19 pandemic is highly contagious novel Severe Acute Respiratory Syndrome- Corona
Virus-2 (SARS-CoV-2). No vaccines or effective treatments are available till today against this globally affected pandemic
and scientists all over the World are investigating the possibility to develop vaccines and/or medicines. All the prevailing
prophylaxis against SARS-CoV-2 is symptomatic to handle mild to severe forms of symptoms associated with the infection
[3]. Hence the situation warrants discovery of potential medications to control SARS-CoV-2 pandemic from spreading.
The corona virus uses the heteromeric spike protein present on its surface to interact with the ACE2 (angiotensin-converting
enzyme-2) abundantly present in many human cell types [4]. After entering the cell, two polyproteins encoding several
crucial non-structural proteins from their genomic RNA is translated including Chymotrypsin-like protease (3CLpro) or main
protease (Mpro) and papain like protease (Ppro) [5,6]. Open reading frames, ORFs, ORF1a and ORF1b of SARS CoV-2 and
MERS CoV-2 encodes two cysteine proteases, viz; a papain-like protease (PLpro) and a 3C like protease (main protease
(Mpro) are encoded by ORF1a. PLpro is involved in the cleavage of first three cutting sites of its polyprotein and Mpro is
involved in cleaving other eleven positions leads to the release of sixteen non-structured proteins (nsp). Since this
Page 2/14

autocleavage process is necessary for viral maturation and replication, Mpro remains as the important drug target against
COVID-19 infection [7]. In this study, we aimed to identify bioactive compounds from Moringa oleifera leaves, which bind
with Mpro of SARS CoV-2.

M.oleifera is most widely distributed and cultivated species across India. It is a medium sized tree, about 5 to 10 m in
height and found in wide array of climatic conditions [8]. The plant is used to cure more than 300 ailments. Its medicinal
properties include; antidiabetic [9], anticancer [10], [11], Neuroprotectant [12], [13], antiulcer [14], antipyretic [15],
antihelminthic [16], antiretroviral [17], antiarthritic [18], antimicrobial [19], antioxidant [20], antifertility [21],
hepatoprotective activity [22], hypotensive [23], analgesic [24], wound healing [25], anticonvulsant [26] and reported to
have inhibitory actions against several viruses including HIV [27], HSV [28], HBV [29], EBV [30], FMDV [31] and NDV [32]. In
the present study, a total of 19 leaf compounds were screened and those having higher binding affinity with Mpro can be a
good target for further anti-viral drug research.

Methods
1. Plant material collection, Identification and preparation
The plant material was identified by DNA barcoding analysis and the voucher specimen and herbarium (No. 486) was
deposited at St. Albert’s College Herbarium (SAC), Ernakulam, Kerala, India. M.oleifera leaves were collected, shade dried
and powdered. Soxhlet extraction was carried out by taking 20 g of the leaf powder in 1000 ml of methanol. The extract
thus obtained was concentrated using rotary evaporator and lyophilized.

2. Phytochemical Screening
Preliminary phytochemical screening was done to detect the presence of Carbohydrates, Flavonoids, Quinones, Glycosides,
Cardiac glycosides, Terpenoids, Phenols, Coumarins, Phlobatannins, Anthraquinones, Tannins, Saponins, steroids and
phytosteroids using standard methods.

3. In vitro Antioxidant Activity
Antioxidant activity of M.oleifera leaf methanolic extract was done by DPPH (2,2-diphenyl-1-picrylhydrazyl) method [33].
Ascorbic acid was taken as the standard.

4. Identification of compounds fromoleifera methanolic extract by LCMS/MS Analysis

Bioactive compounds present in the extract was tentatively identified by LCMS/MS (Schimadzu) analysis. The column
used was C18 and a gradient elution of 0.1% formic Acid in water and acetonitrile was employed. The flow rate was
0.3ml/min and the duration of the analysis was 30 minutes.

5. ADME Prediction
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All the secondary metabolites detected from M.oleifera were subjected to ADME (Absorption Digestion Metabolism
Excretion) prediction using SWISS ADME[34]. Following parameters were assessed; Lipophilicity (LogP), water solubility,
gastrointestinal absorption (GI), Blood Brain Barrier (BBB) permeability, p-gp substrate,
Drug likeliness (Lipinski’s Rule)
and Bioavailability score.

6. Molecular Docking Analysis
High-resolution three-dimensional X-ray crystal structure of SARS CoV Mpro (PDB ID: 6Y2F) was downloaded from Protein
Data Bank. Water molecules were removed and hydrogen atoms were added using PyMol software. The SDF structure of
the selected ligands were downloaded from PubChem and they were converted to PDB format using Open babel software
and then to PDBQT using AutoDock tools. The following compounds were identified tentatively by LCMS/MS analysis of

M.oleifera methanolic extract, which were used for docking studies; Apigenin-7-O-rutinoside, Mudanpioside J, Isoquercetin,
Isoquercitrin, Quercetin, Dihydroquercetin, Luteolin, Neochlorogenic acid, Vicenin 2, Catechin, Epicatechin, Rutin ,
Marumoside B, Scutellarin, Rhamnetin, Astragalin, Apiin, Marumoside A and Niazirin. The FDA approved drugs Nelfinavir,
Raltegravir and Lopinavir-Ritonavir, maraviroc, Tipranavir were also docked against SARS CoV2 MPro. Molecular docking
analysis was done using AutoDock Vina [35].

Results
Phytochemical Screening
Presence of flavonoids, cardiac glycosides, phenols, coumarins, saponins, steroids and phytosteroids were detected from
the methanolic extract of M.oleifera leaf.

In vitro antioxidant activity
Table:1 showing the result of in vitro antioxidant assay
Concentration (μg/ml)

Percentage Inhibition of DPPH radical

M.oleifera Extract

Ascorbic Acid

20

90.00%

48.00%

40

96.20%

67.80%

60

97.40%

92.87%

80

98.10%

94.08%

100

98. 9%

94.54%

Identification of compounds from M.oleifera methanolic extract by LCMS Analysis
Compounds such as Apigenin-7-O-rutinoside, Mudanpioside J, Isoquercetin, Isoquercitrin, Quercetin, Dihydroquercetin,
Luteolin, Neochlorogenic acid, Vicenin 2, Catechin, Epicatechin, Rutin , Marumoside B, Scutellarin, Rhamnetin, Astragalin,
Apiin, Marumoside A and Niazirin were identified tentatively from M.oleifera leaf methanolic extract. Among these 19
compounds, 14 were flavonoids (Apigenin-7-O-rutinoside, isoquercetin, isoquercitrin, quercetin, dihydroquercetin, luteolin,
vicenin2, Catechin Epicatechin, Rutin, Scutellarin, Rhamnetin, Astragalin and Apiin), monoterpene glycoside (Mudanpioside
J), phenolic acid (Neochlorogenic acid), phenol (Marumoside A, Marumoside B) and nitrile glycoside (niazirin).
ADME Prediction
Table:2 showing the results of ADME prediction of secondary metabolites detected from M.oleifera
methanolic extract
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Sl.
no.

Molecular
mass

lipophilicity

GI
absorption

BBB
permeability

p-gp
substrate

Drug
likeliness

Bioavailability
score

578.5

-6.4

2.

Apigenin-7-Orutinoside
Apiin

Low

No

Yes

No

0.17

-0.68

moderately
soluble
Soluble

564.49

Low

No

Yes

No

0.17

3.

Astragalin

448.38

-0.09

Soluble

Low

No

No

Yes

0.17

4.

Catechin

290.27

0.83

Soluble

High

No

Yes

Yes

0.55

5..

Dihydroquercetin

304.25

0.51

Soluble

High

No

No

Yes

0.55

6.

Epicatechin

290.27

0.85

Soluble

High

No

Yes

Yes

0.55

7.

Hyperoside

464.38

-0.38

Soluble

Low

No

No

No

0.17

8.

Isoquercetin

464.38

-0.48

Soluble

Low

No

No

Yes

0.17

9.

Luteolin

286.24

1.73

Soluble

High

No

No

Yes

0.55

10.

Marumoside A

297.3

-0.53

Soluble

High

No

No

Yes

0.55

11.

Marumoside B

459.44

-1.68

Soluble

Low

No

No

Yes

0.17

12.

Mudanpioside J

630.59

0.8

Soluble

Low

No

Yes

Yes

0.17

13.

354.31

-0.46

Soluble

Low

No

No

Yes

0.11

14.

Neochlorogenic
acid
Niazirin

279.29

0.25

Soluble

High

No

No

Yes

0.55

15.

Quercetin

302.24

1.23

Soluble

High

No

No

Yes

0.55

16.

Rhamnetin

316.26

1.63

High

No

No

Yes

0.55

17.

Rutin

610.52

-1.51

Moderately
soluble
Soluble

Low

No

Yes

No

0.17

18.

Scutellarin

286.24

1.81

Soluble

High

No

No

Yes

0.55

19.

Vicenin 2

594.52

-1.98

Soluble

Low

No

Yes

No

0.17

Raltegravir

444.42

1.46

Low

No

Yes

Yes

0.55

LopinavirRitonavir
Maraviroc

1349.75

8.21

Moderately
soluble
Insoluble

Low

No

Yes

No

0.17

513.67

4.75

High

No

Yes

Yes

0.55

Nelfinavir

567.78

4.41

Low

No

Yes

Yes

0.55

Tipranavir

602.66

6.06

Poorly
soluble
Poorly
soluble
Insoluble

Low

No

Yes

Yes

0.56

1.

Compound

water
solubility

Anti-viral drugs

Molecular docking Analysis
See Figure 2.

Discussion
Preliminary Phytochemical Screening
Potterat, 1997 [36] reported the presence of alkaloids, triterpenoids, flavonoids, tannins, saponins, and glycosides in
methanolic extract of M.oleifera. These are essential phytochemicals in the leaf that represent total phenolics, different
enzymes (ascorbic acid oxidase, polyphenol oxidase, and catalase) and vitamins [37],[38]. Phenolic compounds are also
reported from moringa leaf extracts which act as natural antioxidants and serve as first line defense against free radical
induced cellular damage [39]. Flavonoids are the bioactive phytocomponents which are used for treatment of allergies,
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inflammation, ulcers, tumors and viral infections while saponins are reported to have antihypertensive and
hypocholesteremic effects [10],[40].

In vitro antioxidant activity
Most of the medicinal plants are a major source of phytochemicals with proven antioxidant property [41]. Moringa
especially treated as a nutritive as well as a medicinal plant in the Indian traditional medicine. Results of the present study
reveal that the antioxidant and anti-viral property of Moringa oleifera from a natural source. There was a 90% and 98.9%
inhibition of DDPH free radical at a concentration of 20 μg/ml and 100μg/ml respectively, showing that even at a low dose
of 20 μg/ml the moringa extract proved to be an effective antioxidant (table:2). Similar results were also reported by
Fitriana et al., 2016 [42] revealing that the methanolic extract shows highest antioxidant activity. It is proven that
flavonoids and other phenolic compounds present in the plant have potent antioxidant and chelating property. According to
Suphachai, 2014, [43] there exists a correlation between antioxidant activities with total phenolic compound. Methanolic
extracts will have a total phenolic compound higher than the other solvents because methanol is the highest polar solvent
which can pull out more polyphenol compounds. The presence of polyphenol compounds such as quercetin and
kaempferol in the leaves may also account for greater antioxidant activity. The observed antioxidant property of the extract
would ameliorate the post-COVID secondary infection.
ADME Prediction and Molecular docking Analysis
Compounds from M.oleifera leaf were docked against Mpro of SARS CoV2 for the identification of potential inhibitors of the
same. Few compounds that showed top interactions were Apigenin-7-O-rutinoside (-8.8 kcal/mol), Mudanpioside (-8.3
kcal/mol), isoquercetin (-8 kcal/mol), hyperoside (-7.8 kcal/mol), quercetin (-7.8 kcal/mol) and dihydroquercetin (-7.8
kcal/mol). All the compounds used in the present study showed a similar interaction with Mpro as in the case of the FDA
approved standard anti-viral drugs like Nelfinavir (-8.3 kcal/mol), Raltegravir (-7.2 kcal/mol), Lopinavir-Ritonavir (-7.7
kcal/mol), maraviroc (-8.2 kcal/mol) and Tipranavir (-9.2 kcal/mol) studied here.
Apigenin-7-O-rutinoside (-8.8 kcal/mol), is a flavonoid, showed higher binding affinity with Mpro than the FDA approved
antiviral drugs Raltegravir (-7.2 kcal/mol), Lopinavir-Ritonavir (-7.7 kcal/mol), Maraviroc (-8.2 kcal/mol) and nelfinavir (-8.3
kcal/mol) but it was found to be a P-gp substrate, having low GI absorption and low bioavailability score. Whereas
Mudanpioside J (-8.3 kcal/mol) is a monoterpene glycoside which also showed higher affinity with Mpro than Raltegravir
(-7.2 kcal/mol), Lopinavir-Ritonavir (-7.7 kcal/mol), Maraviroc (-8.2 kcal/mol) and showed same affinity as of nelfinavir
(-8.3 kcal/mol). it was also found to have low GI absorption. Isoquercetin, hyperoside, quercetin and dihydroquercetin
showed much higher binding affinity with Mpro than the anti-viral drugs Raltegravir and Lopinavir-Ritonavir. Luteolin also
exhibited binding affinity similar to the anti-viral drug Lopinavir-Ritonavir. Isoquercetin and hyperoside, showed low GI
absorption where quercetin and dihydroquercetin had high GI absorption rate and none of them were P-gp substrate. All the
anti-viral drugs except maraviroc were having low GI absorption. Also, all of them were P-gp substrate.
All the other phytocompounds showed binding affinity greater than -7 kcal/mol, but with lesser affinity with Mpro than the
anti-viral drugs used here. Neochlorogenic acid (-7.6kcal/mol) is a phenolic acid which showed low GI absorption and low
bioavailability score. Vicenin 2 (-7.6 kcal/mol), catechin (-7.5 kcal/mol), Epicatechin (-7.4 kcal/mol) and Rutin (-7.4
kcal/mol) are flavonoids showed potential interaction by forming more hydrogen bonds with Mpro. Catechin and
epicatechin had high GI absorption and high bioavailability score unlike vicenin2.
Maramoside B is a phenol, showed a binding affinity of -7.3kcal/mol but GI absorption was low. Scutellarin (-7.3
kcal/mol), is a flavonoid exhibited strong interaction with Mpro but without forming any conventional hydrogen bonds. It
also showed high GI absorption and bioavailability score. Rhamnetin (-7.2 kcal/mol), astragalin (-7.2 kcal/mol) and apiin
are flavonoids and Marumoside A and niazirin (-7 kcal/mol) both are phenolic compounds also showed good binding
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affinity with Mpro. Rhamnetin, marumoside A and niazirin had high GI absorption rate and bioavailability score whereas
astragalin and apiin were having low GI absorption and bioavailability score.
Anti-viral drugs such as Raltegravir, Lopinavir-Ritonavir, Maraviroc, Nelfinavir and Tipranavir were also screened for tracing
possible interaction with Mpro. Raltegravir (-7.2 kcal/mol) is an anti-retroviral drug, used along with other drugs to relieve
the HIV infection [44]. Lopinavir-Ritonavir (-7.7 kcal/mol) is a combination of two medications; lopinavir and ritonavir, used
to control HIV/AIDS infection [45]. Maraviroc (-8.2 kcal/mol) is a FDA approved chemokine receptor type (CCR5)
antagonist, which blocks the entry of HIV to cells [46]. Nelfinavir (-8.3 kcal/mol), is anti-retroviral drug and a protease
inhibitor, used for treating Human Immunodeficiency Virus (HIV) [47].Tipranavir (-9.2 kcal/mol) is also an anti-viral
medication used to treat HIV infection in combination with ritonavir.
After the screening and molecular docking of bioactive components from M.oleifera leaf, it was found exhibiting strong
binding affinity with the novel corona virus main protease (Mpro). The results were comparable to the interactions of the
FDA approved antiviral drugs studied here. Further cell line studies and biochemical assays would establish its activity.
Since natural products are always serve as an excellent source of lead molecules for many diseases without much side
effects unlike in the case of many synthetic drugs in use today. M. oleifera is a universal tropical plant easily available,
easily extractable and economically viable source of these compounds.

Conclusion
The present study in an in silico-based approach which reveals the possibility of identification of potent SARS CoV2 Mpro
inhibitors from plant sources. Our study gives an idea of the action of phytoconstituents from M.oleifera leaf against the
main protease of Corona Virus. Among the 19 compounds screened, apigenin-7-O-rutinoside showed highest activity
against SARS CoV-2 Mpro. Moreover, these compounds are also found to have antioxidant property which would
ameliorate the post-COVID secondary infection.
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Page 7/14

EBV

- Epstein-Barr Virus

FMDV - Foot-and-Mouth Disease Virus
NDV

- Newcastle Disease Virus

ADME - Absorption Distribution Metabolism Excretion
PDB

- Protein Data Bank

SDF

- Structure Data File

GI

- Gastro Intestinal

BBB

- Blood Brain Barrier

P-gp

- P-glycoprotein

DPPH - 2,2-diphenyl-1-picrylhydrazyl

Declarations
Ethics approval and consent to participate
Not Applicable
Consent for publication
Not Applicable
Availability of data and material
All data and materials are available upon request.
Competing interests
The authors do not have conflicts of interest.
Funding
The authors thank University Grants Commission, India, for providing the financial assistance to carry out the work in the
form of UGC-JRF to the corresponding author.
Authors' contributions
AND carried out the analysis and drafted the manuscript. TJJ supervised the work and finalized the manuscript.
Acknowledgements
Not Applicable

References
[1]

Woo PCY, Huang Y, Lau SKP, Yuen KY. (2010). Coronavirus genomics and bioinformatics analysis. Viruses. 2(8)

doi:10.3390/v2081803.
Page 8/14

[2]

Forni D, Cagliani R, Clerici M, Sironi M. (2017). Molecular Evolution of Human Coronavirus Genomes. Trends

Microbiol. 25(1):35-48. doi:10.1016/j.tim.2016.09.001
[3]

Chen N, Zhou M, Dong X et al. (2020). Epidemiological and clinical characteristics of 99 cases of 2019 novel

coronavirus pneumonia in Wuhan, China: a descriptive study. Lancet. 15;395(10223):507-513. doi:10.1016/S01406736(20)30211-7 LK [4]

Wong SK, Li W, Moore MJ, Choe H, Farzan M. (2004). A 193-Amino Acid Fragment of the SARS Coronavirus S Protein

Efficiently Binds Angiotensin-converting Enzyme 2. J Biol Chem. 279(5):3197. doi:10.1074/jbc.C300520200
[5]

Hilgenfeld R. (2014). From SARS to MERS: crystallographic studies on coronaviral proteases enable antiviral drug

design. FEBS J. 281(18):4085-96. doi:10.1111/febs.12936
[6]

Yang YM, Gupta SK, Kim KJ, et al. (2013). A small molecule screen in stem-cell-derived motor neurons identifies a

kinase inhibitor as a candidate therapeutic for ALS. Cell Stem Cell. 12(6):713-726. doi:10.1016/j.stem.2013.04.003
Jo S, Kim S, Shin DH, Kim MS. (2020). Inhibition of SARS-CoV 3CL protease by flavonoids. J Enzyme Inhib Med
Chem. 35(1):145-151. doi:10.1080/14756366.2019.1690480
[7]

[8] Anwar F, Latif S, Ashraf M, Gilani AH. (2007). Moringa oleifera: A food plant with multiple medicinal uses. Phyther
Res. 21(1):17-25. doi:10.1002/ptr.2023
[9] Divi SM, Bellamkonda R, Dasireddy SK. (2012). Evaluation of antidiabetic and antihyperlipedemic potential of
aqueous extract of Moringa oleifera in fructose fed insulin resistant and STZ induced diabetic wistar rats: A comparative
study. Asian J Pharm Clin Res. 5(1):67-72
[10] Tiloke C, Phulukdaree A, Chuturgoon AA. (2013).The antiproliferative effect of Moringa oleifera crude aqueous leaf
extract on cancerous human alveolar epithelial cells. BMC Complement Altern Med. 16;13:226. doi:10.1186/1472-6882-13226
[11] Jung IL. (2014). Soluble extract from Moringa oleifera leaves with a new anticancer activity. PLoS One. 9(4): e95492.
doi:10.1371/journal.pone.0095492
[12] Baker K, Marcus CB, Huffman K, Kruk H, Malfroy B, Doctrow SR. (1998). Synthetic combined superoxide
dismutase/catalase mimetics are protective as a delayed treatment in a rat stroke model: A key role for reactive oxygen
species in ischemic brain injury. J Pharmacol Exp Ther. 284(1):215-221.
[13] Kirisattayakul W, Wattanathorn J, Tong-Un T, Muchimapura S, Wannanon P, Jittiwat J. (2013). Cerebroprotective
effect of Moringa oleifera against focal ischemic stroke induced by middle cerebral artery occlusion. Oxid Med Cell Longev.
2013:951415. doi:10.1155/2013/951415
[14] Choudhary MK, Bodakhe SH, Gupta SK. (2013). Assessment of the antiulcer potential of moringa oleifera root-bark
extract in rats. JAMS J Acupunct Meridian Stud. 2013. 6(4):214-20. doi:10.1016/j.jams. 07.003
[15] Singh KK, Kumar K. (1999). Ethnotherapeutics of some medicinal plants used as antipyretic agents among the
tribals of India. J Econ Taxon Bot. 23(1):135-141.
[16] Bondya SL, Sharma HP, Jyoti K, Sahu HB. (2002). Native medical uses of plants for anthelmensis (Kirmi) at Ranchi
District of Jharkhand. J Phytol Res. 15 (1), 109-110
[17] Monera TG, Maponga CC. (2012). Prevalence and patterns of Moringa oleifera use among HIV positive patients in
Zimbabwe: A cross-sectional survey. J Public Health Africa. 3(1):e6. doi:10.4081/jphia.2012.e6
Page 9/14

[18] Mahajan SG, Mehta AA. (2009). Anti-arthritic activity of hydroalcoholic extract of flowers of Moringa oleifera lam. in
wistar rats. J Herbs, Spices Med Plants. 15(2) 149-163. doi:10.1080/10496470903139363
[19] Chen Rancho Palos Verdes M. (2009). Elucidation of Bactericidal Effects Incurred by Moringa oleifera and Chitosan.

J US SJWP. doi:10.2175/SJWP(2009)4:65
[20] Bharali R, Tabassum J, Azad MRH. (2003) Chemomodulatory effect of Moringa oleifera, lam, on hepatic carcinogen
metabolising enzymes, antioxidant parameters and skin papillomagenesis in mice. Asian Pacific J Cancer Prev.. 4(2):1319.
[21] Shukla S, Mathur R, Prakash AO. (1988).Antifertility profile of the aqueous extract of Moringa oleifera roots. J

Ethnopharmacol. 22(1):51-62. doi:10.1016/0378-8741(88)90230-9
[22] Pari L, Kumar NA. (2002). Hepatoprotective activity of Moringa oleifera on antitubercular drug-induced liver damage
in rats. J Med Food. 5(3):171-7. doi:10.1089/10966200260398206
[23] Faizi S, Siddiqui BS, Saleem R, Aftab K, Shaheen F, Gilani AUH. (1998). Hypotensive constituents from the pods of

Moringa oleifera. Planta Med. 64(3):225-8. doi:10.1055/s-2006-957414
[24] Medhi B, Khanikor HN, Lahon LC, Mohan P, Barua CC. (2003). Analgesic, anti-inflammatory and local anaesthetic
activity of Moringa pterygosperma in laboratory animals. Pharm Biol. 41(4) 248-252. doi:10.1076/phbi.41.4.248.15670
[25] Hukkeri V, Nagathan C, Karadi R, Patil B. (2006). Antipyretic and wound healing activities of Moringa oleifera Lam. in
rats. Indian J Pharm Sci. 68 (1): 124-126. doi:10.4103/0250-474X.22985
[26] Ray K, Hazra R, Guha D. (2003). Central inhibitory effect of Moringa oleifera root extract: Possible role of
neurotransmitters. Indian J Exp Biol. 41(11):1279-84.
[27] Nworu, C S, Okoye, et al. (2013). Extracts of Moringa oleifera Lam. showing inhibitory activity against early steps in
the infectivity of HIV-1 lentiviral particles in a viral vector-based screening. African J Biotechnol. 12(30):4866-4873.
doi:10.5897/ajb2013.12343
[28] Goswami D, Mukherjee PK, Kar A, Ojha D, Roy S, Chattopadhyay D. Screening of Ethnomedicinal Plants of Diverse
Culture for Antiviral Potentials. Vol 15.; (2016).
[29] Feustel, F. Ayon-Perez, A. Sandoval-Rodriguez, R. et al. Protective Effects of Moringa oleifera on HBV Genotypes C
and H Transiently Transfected Huh7 Cells. J Immunol Res. 2017:6063850. doi:10.1155/2017/6063850 LK [30] Murakami A, Kitazono Y, Jiwajinda S, Koshimizu K, Ohigashi H. (1998). Niaziminin, a thiocarbamate from the leaves
of Moringa oleifera, holds a strict structural requirement for inhibition of tumor-promoter-induced epstein- barr virus
activation. Planta Med. 64(4):319-23. doi:10.1055/s-2006-957442
[31] Younus I, Ashraf M, Fatima A, Altaf I, Javeed A. (2017).Evaluation of cytotoxic and antiviral activities of aqueous
leaves extracts of different plants against foot and mouth disease virus infection in farming animals. Pak J Pharm Sci.
30(6):2165-2172.
[32] Didacus Chukwuemeka Eze. (2012). Effects of Moringa oleifera methanolic leaf extract on the morbidity and
mortality of chickens experimentally infected with Newcastle disease virus (Kudu 113) strain. J Med Plants Res. 6(27):
4443-4449 doi:10.5897/jmpr12.792
[33] Sharma OP, Bhat TK. DPPH antioxidant assay revisited. Food Chem. (2009). 113(4): 1202-1205.
doi:10.1016/j.foodchem.2008.08.008
Page 10/14

[34] Daina A, Michielin O, Zoete V. (2017).SwissADME: A free web tool to evaluate pharmacokinetics, drug-likeness and
medicinal chemistry friendliness of small molecules. Sci Rep. 7(42717) doi:10.1038/srep42717
[35] Trott O, Olson AJ. (2010).Software news and update AutoDock Vina: Improving the speed and accuracy of docking
with a new scoring function, efficient optimization, and multithreading. J Comput Chem. 31(2): 455–461.
doi:10.1002/jcc.21334
[36] Potterat O. (1997).Antioxidants and free radical scavengers of natural origin. Curr Org Chem. 1 (4), 415-440.
[37] Kiaei M, Kipiani K, Petri S, Chen J, Calingasan NY, Beal MF. (2006). Celastrol blocks neuronal cell death and extends
life in transgenic mouse model of amyotrophic lateral sclerosis. Neurodegener Dis. 2(5):246-54. doi:10.1159/000090364
[38] Mbikay M. (2012).Therapeutic potential of Moringa oleifera leaves in chronic hyperglycemia and dyslipidemia: A
review. Front Pharmacol. 3: 24. doi:10.3389/fphar.2012.00024
[39] Ayoola G, Coker H, Adesegun S, et al. (2008).Phytochemical Screening and Antioxidant Activities of Some Selected
Medicinal Plants Used for Malaria Therapy in Southwestern Nigeria. Trop J Pharm Res. 7 (3): 1019-1024.
doi:10.4314/tjpr.v7i3.14686
[40] Jafarain A, Asghari G, Ghassami E. (2014).Evaluation of cytotoxicity of Moringa oleifera Lam. callus and leaf
extracts on Hela cells. Adv Biomed Res. 3: 194. doi:10.4103/2277-9175.140668
[41] Shahidi F, Naczk M. Phenolics in Food and Nutraceuticals.; (2003). doi:10.1201/9780203508732
[42] Fitriana WD, Ersam T, Shimizu K, Fatmawati S. (2016). Antioxidant activity of Moringa oleifera extracts. Indones J

Chem. 16(3): 297-301. doi:10.22146/ijc.21145
[43] Suphachai C. (2014). Antioxidant and anticancer activities of Moringa oleifera leaves. J Med Plants Res. 8(7): 318325. doi:10.5897/jmpr2013.5353
[44] Brites C, Nóbrega I, Luz E, Travassos AG, Lorenzo C, Netto EM. (2018). Raltegravir versus lopinavir/ritonavir for
treatment of HIV-infected late-presenting pregnant women. HIV Clin Trials. 19(3):94-100.
doi:10.1080/15284336.2018.1459343
[45] Doyon L, Tremblay S, Bourgon L, Wardrop E, Cordingley MG. (2005). Selection and characterization of HIV-1 showing
reduced susceptibility to the non-peptidic protease inhibitor tipranavir. Antiviral Res. 68(1):27-35.
doi:10.1016/j.antiviral.2005.07.003
[46] Kelly MD, Naif HM, Adams SL, Cunningham AL, Lloyd AR. (1998). Cutting edge: Dichotomous effects of βchemokines on HIV replication in monocytes and monocyte-derived macrophages. J Immunol. 160(7):3091-5.
[47] Yamamoto N, Yang R, Yoshinaka Y, et al. (2004). HIV protease inhibitor nelfinavir inhibits replication of SARSassociated coronavirus. Biochem Biophys Res Commun. 318(3):719-25. doi:10.1016/j.bbrc.2004.04.083

Figures

Page 11/14

Figure 1
chromatogram
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Figure 2
showing the 2-dimensional interactions of Apigenin-7-O-rutinoside (a), Mudanpioside J (b), Isoquercetin (c), Isoquercitrin
(d), Quercetin (e), Dihydroquercetin (f), Luteolin (g), Neochlorogenic acid (h), Vicenin 2 (i), Catechin (j), Epicatechin (k), Rutin
(l), Marumoside B(m), Scutellarin (n), Rhamnetin (o), Astragalin (p), Apiin (q), Marumoside A(r), Niazirin (s), Raltegravir (t),
Lopinavir-Ritonavir (u), Maraviroc (v), Nelfinavir (w) and Tipranavir (x) with SARS-CoV-2 Mpro.
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Figure 3
Graphical abstract
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