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Abstract

Moringa oleifera (MO) leaves have biological activities that are beneficial for improving health. In vitro
studies show that its bioactive compounds prevent the development of some degenerative diseases. This
study aimed to determine the bioactive compounds in hydroethanolic extracts of MO leave powder to
measure its antioxidative and antimutagenic activity and to evaluate its ability to inhibit the SARS-CoV-2
main protease (Mpro) as a therapeutic target by in silico study. Liquid chromatography-mass
spectrometry (LC-MS) was used to detect the bioactive compounds in hydroethanolic extract of MO
leave powder. 2,2-Diphenyl-1-picrylhydrazyl (DPPH) was used to measure the antioxidant activity. The
antimutagenic activity was measured by using the free radical treated plasmid pBR322. Molecular
docking was used to determine the interaction of the bioactive compounds and the Mpro of SARS-CoV-
2. Total phenolic and flavonoids compounds of MO leave powder hydroethanolic extract are 50.02+0.14
mg GAE/g and 445.07 + 4.09 mg QE/g, respectively. The main bioactive compounds in the
hydroethanolic extract are Guanine and Luteolin-7-O-glucoside. The antioxidant activity of
hydroethanolic extract of leave powder is IC50 118.9 + 0.2 pg/mL, which is stronger than the standard
BHT IC50 11.60 + 0.30 pg/mL. The MO hydroethanolic extract also has the ability to protect DNA
damage. In silico studies show strong energy bonds of Mpro molecules with Guanine and Luteolin-7-O-
glucoside, and the binding energy values are -6.2 and -8.4 kcal/mol, respectively. The hydroethanolic
extract of MO leaf powder contains Guanine and Luteolin-7-O-glucoside. It has excellent antioxidant
activity, and the ability to maintain DNA integrity or antimutagenic properties. As bioactive compounds,
Guanine and Luteolin-7-O-glucoside, have the ability to attach Mpro of SARS-CoV-2. In silico study
indicates that hydroethanolic extract of MO leave powder can act as a medicinal ingredient that has anti
SARS-CoV-2 properties.
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Introduction

Moringa oleifera (MO) is a nutrient-rich plant that can prevent nutritional deficiencies . MO
is rich in bioactive compounds that have antioxidant activity . All parts of MO have
biological activities that are beneficial for promoting health. The benefits include antidiabetic
B antiallergic [, hepatoprotective [, anti-inflammatory and antiapoptotic activities . In vivo
study shows that MO bioactive compounds can improve testicular toxicity, injury, sperm
count, abnormalities, and oxidative stress "), Free radicals and reactive oxygen species (ROS)
are some sources of cellular and tissue pathogenesis. These can lead to the development of
several diseases, such as diabetes, cancer, inflammation, atherosclerosis and cardiovascular
disease. Free radical reactions that occur in the human body can cause damage and death [,
Free radicals cause DNA damage or mutations. This damage involves the initiation phase of
the carcinogenesis causing the cellular repair process to be incomplete [ 2, The accumulation
of DNA damage is part of the ageing and degenerative diseases, such as diabetes [“°1. During
the current COVID-19 pandemic, many traditional medicines are used as alternative and
complementary medicine to prevent and to treat COVID-19. Some of them have anti-
inflammatory potentials, such as curcumin, 1.8 cineole and some other essential oils [*2 14,
Since MO has many health benefits, an in silico study can be conducted to explore the ability
of its active compounds to interact with the main protease SARS-CoV-2 (Mpro). Accordingly,
this research aimed to identify the bioactive compounds in hydroethanolic extract with liquid
chromatography-mass spectrometry LC-MS to determine its antioxidant activity and ability to
protect DNA from damage. Finally, we conducted an in silico study to determine the possible
interaction between the bioactive compounds and the main protease SARS-CoV-2 (Mpro).
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Materials and Methods

Sample preparation

Moringa oleifera leaf powder was obtained from CV.
Kebongta Mubarak, Jakarta. A total of 10g of MO was
macerated using 300 mL of 80% ethanol. The result was
filtered and then evaporated using an evaporator (Heidolph,
Germany).

Total phenolic content

The total phenolic content of the extract was determined using
Folin-Ciocalteau's reagent with Gallic acid as standard. A
total of 0.5 mL of the sample was added to 2.5 mL of Folin-
Ciocalteu's 10% reagent. After 10 minutes, 2.5 mL of 75 g/L
Na,CO3 was added to the mixture. The reaction mixture was
incubated for two hours at room temperature. Then, the
absorbance of the reaction mixture was measured at 765 nm,
and compared with a blank solution containing only solvent
(500 pL). The total phenolic content was calculated as Gallic
acid equivalent (GAE) from the calibration curve obtained
from a standard solution of Gallic acid expressed GAE/g dry
mass [*°],

Total flavonoid content

Total dissolved flavonoid content was determined by the
aluminum chloride colorimetric method. Quercetin was used
to create the calibration curve. Fifty milligrams of Quercetin
were dissolved in 95% ethanol and then diluted to make a
standard curve. The diluted standard solution (0.5 mL) was
mixed separately with 1.5 mL of 95% ethanol, 0.1 mL of 10%
aluminum chloride, 0.1 mL of 1M sodium acetate and 2.8 mL
of distilled water. After incubation at room temperature for 30
min, the absorbance of the reaction mixture was measured at
415 nm with a Biochrom Libra S22 spectrophotometer (UK).
The number of samples was replaced with the same amount of
distilled water in the blank 261,

Phytochemical analysis using Liquid Chromatography-
Mass Spectrometry

LC-MS analysis was performed using Waters LCMS/MS-
QTQF. The mode of operation uses Tof MSE, which was
equipped with an ESI (Electrospray lonization) source with
positive and negative ion modes. The column used was
column C18. The mobile phase used 0.1% formic acid in
acetonitrile and 0.1% formic acid in distilled water (flow rate
0.6 mL/min). Ultrasonic for 30 minutes was done to
homogenize 0.5 grams of sample and 10 mL of methanol,
then filtered using a 0.22 m GHP/PTFE membrane filter.
Finally, 10 pL filtrate was injected into the injection port. The
screening process of the active substances was done using
UNIFI software which has a mass spectrum library of natural
active substances. The compound mass spectrum in the
sample was then matched with the mass spectrum in the
library. Active substances were identified if they met the
following conditions: Mass error of analyte reading 5 ppm
error, Isotope match MZ RMS 6, analyte intensity 300, there
is one fraction with brake value < 4 in the Fragment
elucidation system.

Antioxidant activity test with DPPH radical scavenging

A total of 500 pL extract at different concentrations was
reacted with 1.500 puL DPPH 150 mM in absolute methanol.
Incubation was done at room temperature in the dark for 30
minutes. The absorbance was measured at a wavelength of
517 nm using a spectrophotometer (Biochrome Libra S22).
The radical quenching ability of DPPH was calculated using

~26~
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the following formula, where H and Ho were the optical
densities of the solvent with and without the sample 7],

DNA protection activity test

DNA resistance to free radicals was measured using plasmids.
The conversion of the supercoiled form of plasmid DNA into
an open linear form was further used as an index of DNA
damage. The following is the reaction mixture (15 pL); 5 pL
of saline phosphate buffer (PBS, 10 mM, pH 7.4), 1 pL of
plasmid DNA (0.5 g), 5uL of the sample, 2 uL of 1 mM
FeSOs, and 2 uL of 1 mM H,0; and incubated at 37 °C for 30
min. The stop reaction, 2 pL of loading buffer (10 mM Tris-
HCI pH 7.6, 60 mM EDTA 0.1% bromophenol blue, 0.1%
xylene cyanol FF, 50% glycerol) was added after incubation.
The reaction mixture was electrophoresed on a 0.85% agarose
gel containing 0.5 L of red gel 181,

In-Silico study of the active compound of MO leaves
hydroethanolic extract with COVID-19 main protease.
The Main protease of SARS-CoV-2 virus (Mpro), a non-
structural protein, was the target of the active compound in
the MO hydroethanolic extract. Discovery Studio v21.1 and
Pyrx 0.8 were used for all docking experiments. We used the
Protein Data Bank to get the Mpro (Corona virus main
protease in complex with an inhibitor N3, ID 6lu7).All
bioactive compounds structures (ligands) was acquired from
PubChem. Discovery Studio v21.1 was utilized to make the
protein preparation: deleting waters and removing the N3
ligand. Ligands were modified into the most stable structure
energetically using energy minimization. The ligand and
protein molecules were converted to a readable file format
(pdbqt) using Pyrx 0.8.

The docking was targeted to the active site of Mpro. The X, Y
and Z values of the active site position were identified by
Discovery studio. It was applied to create grid boxes in the
docking process with Pyrx. The final visualization of the
anchored structure was done by Discovery Studio Visualizer
v21.1.

Data Analysis

Linear regression was used to analyze the antioxidant activity.
Data was presented in Mean * standard deviation (SD).
Azzure software was used to analyze the antimutagenic
activity.

Results and Discussion

The vyield of the hydroethanolic extract of the MO leave
measured as (w/w). LC-MS analysis of MO hydroethanolic
extract detected one peak in positive ESI with a retention time
of 0.38, and one peak in negative ESI with a retention time of
9.47 minutes (Figure 1, Table 1). Then for each fragmented
peak, a positive ESI produced a fragmentation spectrum with
a mass candidate (m/z) 107. At a negative ESI a
fragmentation with a mass candidate (m/z) 447. Figure 1 and
Table 2 show all of the compounds tentatively identified in
the MO hydroethanolic extract in the positive and negative
ionization modes. Detected Luteolin-7-O-glucoside, also
known as 7-O-Glucoluteolin or Cinnacoside, is a class of
flavonoid O-glycoside organic compounds. Luteolin-7-O-
glucoside has strong antioxidant activity and anti-
inflammatory activities ¥l which protects against DNA
damage [@%. Luteolin-7-O-glucoside can neutralize ROS-
induced membrane damage and significantly improve the
blood glucose profile, HbAlc, insulin and HOMA IR levels
(21, L_uteolin-7-O glucoside is a promising antiviral candidates
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(2224 Guanine is a compound that resulted from the
hydrolysis of Deoxynucleoside, a precursor to purine
degradation. Guanine also produces Allantoin, Allantoin acid
and CO2 % Allantoin functions to protect plants from

http://www.florajournal.com

damage due to oxidative stress caused by ROS 2. Allantoin
able to protect the skin from irritation, to heal wounds, and to
grow new tissue in damaged skin 271,
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Fig 1: Bioactive compound Negative ESI (a) and Positive ESI (b)

Table 1: The bioactive compound of LCMS analysis

Table 2: Total phenolic and flavonoid content.

Compound ESI RT | Mz [Response Molecular Hydroethanolic extract Concentration Literature
P Mode| P Formula Total phenolic content 50.02+0.14 mg GAE/g | This study
. . 284 Total flavonoid content 4451 +£0.41 mg QE/g | This study
L lin-7-O-gl - A7 752 H
uteolin-7-O-glucoside 9 447 528 C21H20011 Ethanolic Extract
_ 107 Total phenolic content 63.16 mg GAE/g [26]
Guanine + |0.38|138| 368 CsHsNsO Total flavonoid conten 10.477 mg QE/g 28]
432

The total phenolic and flavonoid content of the MO
hydroethanolic extract are lower and higher, respectively,
compared with the ethanol extract (Table 2) %81, Analysis of
the total flavonoid content showed that both extracts had high
levels of flavonoids (Table 3). The relative percentage of
flavonoids in MO hydroethanolic extract is high, as much as
89%.

~D7~

MO hydroethanolic extract can reduce free radicals, even ten
times weaker than BHT. The IC50 of MO hydroethanolic
extract and BHT were actually pg/mL and 11.60 + 0.30
pg/mL, respectively. This result is in accordance with the
opinion of Siddhuraju and Becker in 2003 and Nobose et al.in
2018 [2% 301 Their variation in antioxidants content depends on
the kind of extraction solvent, maturity of the leaves, and
growth environment B4 31 Antioxidants play an important
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role in DNA damage protection. DNA damage is a
consequence of oxidative stress. DNA damage occurs due to a
variety of lesions, from isolated basic lesions or single-strand
breaks (SSBs) to complex lesions such as double-strand
breaks (DSBs) and also other non-DSB lesions such as
clustered DNA lesions produced by oxidative reactions
(OCDL). Inefficient repair of damage can result in cell injury
and cause carcinogenesis B4 %1, MO hydroethanolic extract

http://www.florajournal.com

37.5; 75; and 150 mg/mL. The OC conformation decreased by
75.31% at a concentration of 18.75mg/mL and 86.12% at
concentration of 150 mg/mL (Table 3, Figure 2). The
protective activity is strong because it restores the
conformational condition, almost like the untreated plasmid.

Table 3: Antimutagenic analysis

L A OC |Linear| SC
has the ability to protect DNA from damage due to oxidative Code Treatment @) | (%) | (@)
stress. The OH free radical generated from the Fenton A Plasmid +H,0,+Fe,SO, 9522 | 47 | 0
reaction was reacted with the pBR322 plasmid. The pBR322 B | 0,58 mg/mL MO + Plasmid +H,0,+Fe;SO, | 95,19 | 298 |1,83
normal conformation is a supercoil (SC) with high € | L17mg/mL MO + Plasmid + H,0,+Fe,SO, | 85,63 | 7,81 |6,55

lectrophoretic mobility. When DNA reacts with radicals, it D | 234mg/mL MO * Plasmid + H;0,+Fe,S0, | 68,54 | 21,25 10,21
electrop iy. ! ’ E | 4,68 mg/mL MO + Plasmid + H,0,+Fe,SO, | 40,85 | 44,25 [14,89
will cause the breaking qf the double_ bond, which results in F | 9,37 mg/mL MO + Plasmid + H,0,+Fe,SO, | 30,87 | 49,87 [19,25
an open-loop conformation (OC) with low electrophoretic G [ 18,75 mg/mL MO + Plasmid + H,O,+Fe,SO, | 19,91 | 57,27 [22,82)
mobility. The separation of these two conformations can be H | 37.5mg/mL MO + Plasmid + H,0,+Fe,SO, | 17,14 | 61,35 21,51
seen by gel electrophoresis [, The MO hydroethanolic | | 75 mg/mL MO + Plasmid + H,0,+Fe;SOs | 13,86 | 6592 21,21

- i . J 150 mg/mL MO + Plasmid + H,O,+Fe,SO, 91 | 72,9 [17,98
extract showed its ab_ll!ty 'Fo _protect DNA at a concen'gratlon K Non treatment Plasmid 31 7078 [26.07
15.75 mg/mL. Its ability is increased at a concentration of
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Fig 2: DNA protective effect of MO hydroethanolic extract.

Molecular docking was performed using a grid-based
technique from Auto Dock Vina. Two ligands were attached
to MPro SARS-CoV-2. The table shows the binding affinity
of the ligand Guanine and Luteolin 7-O-glucoside with Mpro
SARS-CoV-2 is -6.2 and -8.4 kcal/mol, respectively. Luteolin
7-O-glucoside showed the highest binding affinity to Mpro

(Figure 3). These results are similar to the analysis of
Khaerunisa et al., 2020 B7. Luteolin 7-O-glucoside has a
higher affinity than Remdesivir and Guanine. Remdesivir was
chosen as a comparison because it has shown the ability to
shorten recovery time and reduce the incidence of respiratory
tract infections in adults with COVID-19 3],

~)8~
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Table 4: The best scores of the binding energy of the active compounds and the target proteins of Mpro

No Active compound Mpro (6lu7) (kcal/mol) rmsd/ub | rmsd/lb
1 Luteolin-7-O-glucoside -8.4 0.00 0.00
2 Guanine -6.2 0.00 0.00
3 Remdesivir -7.3 0.00 0.00
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Fig 3: Results of Mpro docking with several active compounds in MO leaf hydroethanolic extract. (a). Mpro-guanine; (b). Mpro-luteolin-7-O-
glucoside; (c). Mpro-remdesivir; (d). Mpro-N3 inhibitor

Detailed analysis of the best conformation was done using the
free version of Biova Discovery Studio Visualizer. The
interaction of Mpro with guanine has a bond free energy of -
6.3 kcal/mol and an RMSD value of 0.000. Guanine binds to
6 residues, namely GIn189, His164, Met49, His4l, Tyr54,
Asp 187. Guanine interacts with the main protease with
conventional hydrogen bonds at the residues Tyr54, Asp187,
His41, His164, in addition to the stacked pi-pi bonds when
interacting with His41. The pi-sulfur bond occurs at the
Met49 residue with Guanine. Unfavorable acceptors occur in
interactions with GIn189 residues.

The interaction of Mpro with Luteolin 7-O-glucoside has
bond-free energy of -8.4 kcal/mol and RMSD of 0.000.
Luteolin 7-O-glucoside binds to 8 amino acid residues,
namely Glul66, Met49, His4l, Metl65, Cysl45, Gly143,
Leul4l, Ser 144. Interaction between Luteolin 7-O-glucoside
and Met165 with Pi-alkyl bonds. Unfavorable donor-donor
interactions occur with the Ser144 residue. The p-alkyl bond

~30~

occurs in the interaction of Luteolin 7-O-glucoside with
Met165. Other residues interact with conventional hydrogen
bonds.

The interaction between Mpro and Remdesivir has a bond
free energy of -7.3 kcal/mol and RMSD of 0.000. Remdesivir
binds to 6 amino acid residues, namely GIn189, His164,
His41, Met165, Pro168 and Leul67. The interaction between
Remdesivir and residues of Met165, Pro168 and Leul67 is
through the Pi-alkyl bond. The pi-cation binding occurs on the
interaction of Remdesivir with the His41 residue. Remdesivir
is bound to the GIn189 residue by a carbon-hydrogen bond,
and to His164 by a conventional hydrogen bond.

These three compounds bind stably to the target protein
(Mpro) and appear to have a mechanism that comparable to
N3 inhibitors %, This can be indicated by the binding of
several residues such as Met165, Leul67, Prol68, GIn189,
Tyr54, Aspl187, Met49, His41, and His164 to each compound.
Accordingly, it can be concluded that Guanine and Luteolin
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7-O-glucoside may be used as SARS-CoV-2 antiviral
candidates 71,

Conclusion

The bioactive compounds of the MO hydroethanolic extract
are Luteolin-7-O glucoside and Guanine. MO Hydroethanol
extract has antioxidative activity even weaker than BHT.
However, MO hydroethanol extract has good potential
applications in DNA protection activity. The bioactive
compounds, Luteolin-7-O glucoside and Guanine are
potential candidates as antiviral agents.

Recommendations

Further studies on MO leave extracts are necessary to confirm
their efficacy, particularly in the protective activity against
DNA damage, as an anticancer and antiviral agent.
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