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Abstract

The Indian plant Moringa oleifera is found in tropical and subtropical climates across the globe. It is frequently cultivated for its
embryonic seed pods and leaves, that are consumed as vegetables and also for herbal remedies. Using in silico computational
techniques and three CYP450 enzymes, this study assessed the potential hepatoprotective effects of probable metabolites in watery
M. oleifera leaf extracts. All quantities of aqueous M. oleifera leaf extract were subjected to several qualitative phytochemical
analyses. The flavonoid galangin demonstrated the strongest interactions with the majority of cytochrome P450 enzymes in
accordance with the predicted binding affinity, followed by caffeic acid. Galangin also outperformed the bulk of other known
CYP450 enzyme inhibitors. These results suggest that the hepatoprotective effects of M. oleifera leaf extract on CYP450 may be
due to galangin. In comparison to galangin and caffeine acid, two reference substances, 1H-indazole, and alpha-naphthoflavone,
were shown to have energy values with all three receptors between -4.6 and -4.8. The in silico screening data showed that when
docked to CYP1A2, CYP2E1, and CYP2D6, all compounds had a greater binding affinity. Therefore, additional studies are

necessary to support these findings.
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Introduction

The Indian plant Moringa oleifera is found in tropical and
subtropical climates across the globe. It is frequently
cultivated for its embryonic seed pods and leaves, which are
consumed as vegetables and also for herbal remedies (Au et
al., 2011). Due to the great nutritive value of each part of the
tree, it can be used for mainly commercial or medicinal
purposes. The leaves, seeds, and all parts are full of important
compounds, vitamins, and minerals. It is utilized as potent
pharmacological agent for microbiological, anticancer, anti-
inflammatory, including anti-inflammatory functions (Asrani
et al., 2019; Melo et al., 2017). Phytosterols like stigmasterol,
sitosterol, and kampesterol, which are hormone precursors, are
abundant in moringa (Kerr et al., 2012). The synthesis of
oestrogen is increased by these substances (Arooj et al., 2013).
Among the several elements found in moringa that are crucial
for growth and development, calcium is regarded as one of the
key minerals for human growth (Azam et al., 2013). Because
M. oleifera is natural, dependable, and safe in known
quantities, it can be employed as an antitumor agent

(Balimane et al., 2000). According to reports, moringa can act
as an anti-neoproliferative agent, which prevents cancer cells
from proliferating (Beaulieu et al., 1999; Beeching et al.,
2014). Numerous investigations have shown that it has
impacts on immunological response, antioxidant defence,
cytotoxicity, antibacterial defence, antiproliferative defence,
antiplatelet aggregation defence, antihypertensive defence,
cardioprotective defence, anti-inflammatory defence, and
mineral homeostasis defence (Benet et al., 2002; Bissantz et
al., 2000; Gasteiger et al., 1998).

A family of monooxygenase enzymes known as cytochrome
P450 (CYPs) enzymes is in charge of the oxidative
metabolism of xenobiotics as well as lipophilic medicines
(Irvine et al.,, 1999). These enzymes are critical for the
elimination of many substances, as well as for the production
and breakdown of hormones (Sarkar et al., 2022). In
mammals, they oxidise steroids, fatty acids, and xenobiotics
(Sarkar, 2021). The active site of cytochrome P450 seems to
have a heme-iron cluster. The iron is bonded to the protein via
a cysteine thiolate partner. Human CYPs are generally
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membrane associated proteins which found in the endoplasmic
reticulum of cells or in the inner membrane of mitochondria
(Loprinzi et al., 2011).

Numerous endogenous and exogenous substances are
metabolised by CYPs. The primary enzymes involved in drug
metabolism are CYPs. Since variations in CYP enzyme
activity potentially impact the metabolism as well as clearance
of many medications, effects on CYP isozyme activity are a
primary cause of unfavourable treatment options. Natural
substances can also stimulate or inhibit CYP activity (Sarkar
et al., 2022). The highest range of drug biotransformation is
demonstrated by the CYP450 enzymes CYP3A4 and CYP2D6
which metabolise over than 50% of therapeutically used
medicines. Each member of the CYP450 family is specialised
in the metabolization of particular classes of medications.
CYP2EL, CYP1A2, CYP2D6, and CYP3A4 are the four main
enzymes in the CYP450 system that break down
acetaminophen in the liver (Ramalingam et al., 2011; Roe et
al., 2013). The primary enzyme involved in the metabolism of
acetaminophen, CYP2E1, comprises between 30 to 78%
(Wadapurkar et al., 2018). Using in silico computational
techniques and three CYP450 enzymes, this study assessed the
potential hepatoprotective effects of probable metabolites in
watery M. oleifera leaf extracts.

Materials and methods
Collection and drying of plants

Fresh M. oleifera leaves were procured in a nearby Howrah
location. Young leaves were cleaned with water to eliminate
dust and debris. They were crushed, weighed, and stored in
airtight jar coated with plastic bags and silica desiccants after
being air-dried until brittle undercover. They were kept out of
direct sunlight in a cold, dry atmosphere (Morris et al., 2009;
Sarkar, 2022).

Leaf extract preparation and storage

The aqueous leaf extract preparation procedure was largely
modified from prior work. Four concentration was prepared
(%w/v). For this, 10, 20, 40, and 100 mg of dry M. oleifera
leaf were dissolved in 1L of dH,O and therefore 1%, 2%, 4%,
and 10% (%w/v) concentrations were created. They were
separated into individual amber bottles and steeped in boiling
water for 5 minutes with periodic shaking. They were then
allowed to soak for 24 hours, filtered, and stored at 4°C until
use (Sarkar et al., 2023; Rothman et al., 2008).

Screening of phytochemicals from the extract

Qualitative ~ phytochemical  analysis  for  proteins,
carbohydrates, and secondary metabolites including phenols,

tannins, flavonoids, alkaloids, and saponins was performed at
the Department of Physiology Laboratory, University of
Kalyani, Kalyani, Nadia, West Bengal, India. The
methodology was adapted from earlier research (Nas et al.,
2021; Yoon et al., 2016).

Molecular docking study

Following the collection of the data from the phytochemical
analysis, a bibliographic study was carried out to pinpoint
particular probable phytochemical components found in
aqueous M. oleifera leaf extract. The three-dimensional
structures of these phytonutrients were derived PubChem
database. Protein Data Bank was used to obtained 3D structure
of 3 different cytochrome P450 enzymes and these were
CYP2E1l (PDB ID: 3T3Z), CYP1A2 (PDB ID: 2HI4), and
CYP2D6 (PDBID: 3TBG). These 3 were selected because
prior research has linked them to hepatotoxicity. The
AutoDock Tools v1.5.6 programme was used for in silico
molecular docking (Grant, 1991; Alsenz et al., 1998). Here
first we uploaded protein structure and then one by one all
selected bioactive compounds (ligand). Software after
minimized ligand energy converted it into pdbqgt format.
Started docking after creating a grid box to screen best fitted
bioactive compounds based on negative energy value,
resulting in 10 docked conformations. Intra-molecular
associations such as hydrogen bonds, van der Waals contacts,
plus hydrophobic correlations with such an individual
bioactive molecule have really been clearly examined using
Discovery Studio software.

Fig 1. 3D structure
of prepared protein
CYP1A2 (PDB ID:
2HI14)

Fig 2. 3D structure
of prepared protein
CYP2E1 (PDB ID:
3T32)

Fig 3. 3D structure
of prepared protein
CYP2D6 (PDBID:
3TBG)

Results and discussion

Different qualitative phytochemical assays were conducted on
all aqueous M. oleifera leaf extract concentrations, and the
results are shown in Table 1. Results for phenols, tannins,
saponins, alkaloids, and flavonoids were all found +ve.
Positive outcomes showed a change in the colour of the
precipitation, the solution, or both (Yang et al., 2012). The
outcomes also demonstrate that the identified phytochemicals
were unaffected by the different M. oleifera leaf extract
concentrations.
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Table 1. Phytochemical analysis of M. oleifera leaf extract at various concentration

SI No Test of Name of the M. oleifera M. oleifera M. oleifera M. oleifera

Phytochemicals compounds leaf extract | leaf extract | leaf extract | leaf extract
1% 2% 3% 4%
1 lodine test for starch Starch -ve -ve -ve -ve
2 Fehling test Reducing sugar +ve +ve +ve +ve
3 Molisch test Carhohydrates +ve +ve +ve +ve
4 Ninhydrin test Ammonia +ve +ve +ve +ve
5 Biuret test Protein -ve -ve -ve -ve
6 5% FeClstest Phenols +ve +ve +ve +ve
7 10% FeCls test Tannins +ve +ve +ve +ve
8 Foam layer test Saponins +ve +ve +ve +ve
9 Mayer test Alkaloids +ve +ve +ve +ve
10 Lead Acetate test Flavonoids +ve +ve +ve +ve

The bioavailability of oral medications is evaluated using
Lipinski's Rule of Five utilizing the molecular weight, log P
value, and quantity of acceptors and donors of H-bonds (Pu et
al., 2015; Basheer et al., 2015). As can be shown in Table 2,
none of the examined phytochemicals specifically broke any
rules. Their molecular weights ranged from 154.12 to 270.24

(g/mol). The range of log P values was 0.7-2.3. They had
between three and four H-bond donors and between four and
five H-bond acceptors. Quinidine (PubChem CID: 441074)
and alpha-Naphthoflavone (PubChem CID: 11790) were used
as controls.

Table 2. ADMET prediction of all studied phytochemicals

SL No Molecular Wt

(g/mol)

Phytomolecule with
Chemical formula and
PubChem ID

No of H
acceptor

No of H
donor

Log
Pow

Log S Lipinski

violation

1 Protocatechulic Acid 154.12
C7HeO4

ID 72

4 3 0.65 -1.86 0

2 Gallic Acid
C7HeOs
ID 370

170.12

0.21 -1.64 0

3 Methyl Gallate 184.15
CsHsOs

1D 7428

0.57 -1.73 0

4 Caffeic Acid
CoHsgO4
ID 689043

180.16

0.93 -1.89 0

5 Galangin 270.24
Ci15H100s

1D 5281616

1.99 -3.46 0

6 1H-Indazole
C7HsN2
1D 9221

118.14

1.60 -2.72 0

7 Alpha- Naphthoflavone
C19H1202
1D 11790

272.30

4.09 -5.20 0

CYP2E1, CYP1A2, and CYP2D6 docking scores with number
of hydrogen bonds and interacting residues for suspected M.
oleifera leaf extract phytoconstituents and known Cytochrome
P450 inhibitors were displayed in Table 3. Fig. 4 to 24
indicates 3D and 2D diagram of molecular docking between
all putative compounds with CYP2E1, CYP1A2, and CYP2D6
respectively. There were detectable amounts of phenols,
tannins, saponins, alkaloids, and flavonoids in the aqueous M.
oleifera leaf extract. In a comparable experiment, ethanolic
and methanolic M. oleifera leaf extract extracts were
performed to check present similar phytocomponents or not.

The phytoconstituents classes found in the leaf extracts
matched those in the aqueous M. oleifera leaf extract.
Additionally, they stated that the preparations contained
glycosides and sterols, saponins, tannins, triterpenes, steroids,
as well as flavonoids. All of these, nevertheless, were not
examined in this investigation. Such studies have emphasized
the value and significance of secondary plant metabolites,
especially those from the phenol and flavonoid groups (Tsai et
al., 2015). We looked through numerous online journal papers
about M. oleifera leaf extract to determine the possible
identities of the compounds (Sansen et al., 2007; Sevrioukova
et al., 2017). These investigations, however, were restricted to
isolating particular phenols, flavonoids, and triterpenes.
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Triterpenes were not found in the extract, according to the
qualitative phytochemical test results, hence they were not
included in the subsequent experiment. The list was further
trimmed down to only include substances extracted by
aqueous means. The alleged compounds contained four
phenols: Caffeic acid, methyl gallate, and gallic acid,
protocatechuic acid and one flavonoid (Galangin). Every
single enzyme used in the study are members of the
cytochrome P450 family. Protocatechuic acid (PCA) has anti-
inflammatory and antioxidant properties. Gallic Acid is a
phenolic acid. Methyl gallate also is a phenolic chemical and it
is gallic acid's methyl ester. A chemical substance known as
caffeine is categorised as a hydroxycinnamic acid. A flavonoid
called galangin is a flavonol. The Gibbs free energy, which
gives information regarding the stability of the crystal docked
form, is represented by the docking score that was reported
(Sevrioukova et al., 2013; Porubsky et al., 2008).

The lower the docking value, the lower the free energy, and
the higher the affinity for binding between the protein and the
ligand. In this investigation energy range was found in
between — 5.8 to -7.1 Kcal/mol (Table 3). Galangin showed
the highest interaction score (-7.1 Kcal/mol) with CYP1A2
and CYP2D6 (Table 3, Fig. 16, 18). Covalent bonds,
conventional hydrogen bonds, Alkyl, and van der Waals
bonding were found there. The second highest interaction (-
6.0 Kcal/mol) was found for Caffeic Acid with CYP1A2
(Table 3, Fig. 13). Van der Waals, conventional hydrogen
bonds, Pi-sulfur, Pi-Sigma, and covalent bonds were found to
be involved in this interaction. Two reference compounds 1H-
Indazole and Alpha- Naphthoflavone found to have energy
values with all three receptors between -4.6 to -4.8 which is
much lower than Galangin and Caffeic Acid (Table 3). All
substances displayed a higher binding affinity when docked to
CYP1A2, CYP2E1L, and CYP2D6, according to the in silico
screening data.

Table 3. Overview of results for CYP proteins and respective ligand binding with the binding affinity and number of residues in
interaction as well as number of hydrogen bond involved in the interaction

SL | Phytomolecule with | Docking Binding affinity | Interaction residues | No. of H | Bonds involved | Fig. No
No | Chemical formula | enzyme (Kcal/mol) bonds in interaction
and PubChem ID
1 Protocatechulic Acid | CYP1A2 -5.8 Leu 475, lle 474, Leu | 4 Van der Waals, | 4
C7HsO4 347, GIn 478, Arg conventional
ID 72 356, Pro 357, Arg hydrogen bond,
355, Arg 353, Phe carbon hydrogen
512, Leu 476, Leu bond, covalent
479, Ala 473, Leu bond
472
CYP2E1 -5.5 Glu 241, Asn 238, | 3 Van der Waals, | 5
Asn 206, Glu 205, conventional
Tyr 201, Asn 204, hyfrogen bond,
Arg 198, Phe 203, Alkyl, Covalent
Leu 199, Met 200, bond
Val 242
CYP2D6 -5.5 Glu 346, Gly 348, | 3 Van der Waals, | 6
Phe 454, Ala 351, conventional
Met 353, Thr 357, hydrogen bond,
His 352, Met 347, covalent bond
Asp 349
2 Gallic Acid CYP1A2 -5.8 Lys 170, leu 470, Glu | 2 Van der Waals, | 7
C7He0Os 163, Leu 161, Glu conventional
ID 370 162, Glu 163, His hydrogen bond,
164, Lys 167, Glu covalent bond
168, Val; 165, Ala
169
CYP2E1 -5.8 Glu 241, Asn 238, | 3 Van der Waals, | 8
Asn 206, Glu 205, conventional
Tyr 201, Asn 204, hydrogen bond,
Arg 198, Phe 203, covalent bond,
Leu 199, Met 200, Alkyl
Val 242,
CYP2D6 | -5.5 Gly 348, Met 347, | 1 Van der Waals, | 9
GIn 350, Asp 349, conventional
His 352, Met 353, hydrogen bond,
covalent bond
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Methyl Gallate CYP1A2 -5.9 Tyr 189, Val 192, Van der Waals, | 10
CsHsOs Val 193, Val 196, conventional
ID 7428 Phe 319, Thr 321, hydrogen bond,
Val 322, Thr 324, covalent bond,
Asp 320, lle 326, ala carbon hydrogen
325, Ser 327 bond
CYP2E1 -5.8 Arg 198, Phe 179, Van der Waals, | 11
Leu 170, Leu 202, conventional
Leu 197, Leu 199, hydrogen bond,
Met 200, Asn 204, Pi-Cation,
Glu 205, Lys 234 covalent bond
CYP2D6 -5.9 Leu 448, Glu 150, Van der Waals, | 12
Leu 149, Val 153, conventional
Met 347, Phe 454, hydrogen bond,
Leu 455, Phe 456, Alkyl, covalent
Leu 453, Glu 452, bond
Arg 450, Pro 442,
Ala 449
Caffeic Acid CYP1A2 -6.0 Leu 144, ala 464, Leu Van der Waals, | 13
CoHgO4 463, Val 462, Glu covalent  bond,
ID 689043 461, Cys 458, lle 459 conventional
hydrogen bonds
CYP2E1 -5.9 Lys 234, Arg 198, Van der Waals, | 14
Phe 170, Leu202, conventional
Leu 197, Leu 199, hydrogen bond,
Met 200, Phe 203, Pi-cation,
Asn 204, Glu 205 covalent bond
CYP2D6 -5.5 Leu 149, Glu 150, Van der Waals, | 15
Val 153, Met 347, conventional
Phe 454, Leu 455, hydrogen bond,
Phe 456, Leu 453, Alkyl, Covalent
Arg 450, Pro 447, bond
Ala 449
Galangin CYP1A2 -7.1 Lys 170, Ala 169, Covalent bond, | 16
C15H1005 Arg356, Pro 357, Phe conventional
ID 5281616 471, Leu 472, Leu hydrogen bond,
470, Ala 473, GIn Alkyl, van der
478, GIn 477, Leu Waals
475, Leu 476, lle 173
CYP2E1 -6.0 Arg 194, Phe 170, Van der Waals, | 17
Leu 202, Leu 197, conventional
Leu 199, Met 200, hydrogen bond,
Phe 203, Asn 204, Pi-Cation,
Glu 205, Lys 234 covalent bond
CYP2D6 -7.1 Ser 459, Thr 356, GIn Van der Waals, | 18
350, Asp 349, Pro conventional
345, Glu 346, Met hydrogen bond,
353, Met 347, lle Pi-sulfur, Pi-
360, Leu 455, Arg Sigma, covalent
450, Met 451, Glu bond
452, Leu 453, Phe
456
1H-Indazole CYP1A2 -4.8 Arg 511, lle 173, GIn Van der Waals, | 19
C7HsN2 427, Arg 353, Arg conventional
ID 9221 356, Leu 475, Leu hydrogen bond,
476, lle 474, Arg carbon hydrogen
510, Leu 479, Phe bond, covalent
512 bond
CYP2E1 -4.8 Leu 189, Val 185, Van der Waals, | 20
Val 153, Met 451, Conventional
Glu 452, Arg 450, hydrogen bond,
Ala 449, Pro 447, Alkyl, covalent
Gly 445, Glu 446, bond
Leu 149, Leu 139,
Leu 189
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CYP2D6 -4.8 Arg 198, Phe 170, Van der Waals, | 21
Leu 202, Leu 197, conventional
Leu 199, Met 200, hydrogen bond,
Phe 203, Asn 204, Pi-Cation,
Glu 205, Lys 234 Covalent bond
7 Alpha- CYP1A2 -4.8 Arg 511, lle 173, GIn Van der Waals, | 22
Naphthoflavone 477, Arg 353, Arg conventional
Ci19H1202 356, Leu 475, lle hydrogen bond,
ID 11790 474, Leu 476, Arg covalent  bond,
510, Phe 512, Leu carbon hydrogen
479 bond
CYP2E1 -4.6 Asp 349, arg 343, lle | 3 Van der Waals, | 23
339, Gly 340, Glu conventional
334, Asp 337, Asp hydrogen bond,
336, lle 335, Met Alkyl, covalent
353, His 352 bond
CYP2D6 -4.8 Arg 198, Phe 170, | 2 Van der Waals, | 24
Leu 202, Leu 197, conventional
Leu 199, Met 200, hydrogen bond,
Phe 203, Asn 204, covalent  bond,
Glu 205, Lys 234 Pi-Cation
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Caffeic Acid with CYP2D6
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Fig 22. 3D and 2D interaction between
Alpha- Naphthoflavone with CYP1A2

Fig 23. 3D and 2D interaction between
Alpha- Naphthoflavone with CYP2E1

Fig 24. 3D and 2D interaction between
Alpha- Naphthoflavone with CYP2D6

Conclusion

All quantities of aqueous M. oleifera leaf extract were
subjected to several qualitative phytochemical analyses. The
flavonoid galangin demonstrated the strongest interactions
with the majority of cytochrome P450 enzymes in accordance
‘+with the predicted binding affinity, followed by caffeic acid.
Galangin also outperformed the bulk of other known CYP450
enzyme inhibitors. These results suggest that the
hepatoprotective effects of M. oleifera leaf extract on CYP450
may be due to galangin. In comparison to galangin and
caffeine acid, two reference substances, 1H-indazole and
alpha-naphthoflavone, were shown to have energy values with
all three receptors between -4.6 and -4.8. The in silico
screening data showed that when docked to CYP1AZ2,
CYP2EL, and CYP2D6, all compounds had a greater binding
affinity. As a result, additional studies are necessary to
validate these results.
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