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KEYWORDS Abstract Mimusops elengi Linn. Secondary metabolites of flavonoids, phenolic acids, coumarin
Mimusops elengi; classes and stilbene were identified by UPLC/ESI-QTOF-HRMS/MS technique with negative ion
Secondary metabolites: detection. Major Mimusops elengi flavonoids included Myricitrin, Myricetin, and Kaempferol-3-
Phytochemistry; O-alpha-L-rhamnoside. The most abundant Coumarin and phenolic acids detected in the chro-
Corona virus; matogram included aesculin and quinic acid respectively. Down regulation of NLRP3 inflamma-
LC-Mass some activation inhibits the severe inflammatory responses caused by virus infection. Studying in

silicobinding affinity of flavonoids, coumarins and phenolic acid in M. elengi leaves extract against
the ADP binding site of NLRP3 protein (PDB code: 6NPY) demonstrated that investigated com-
pounds have docking scores ranged from —6.20 to —12.30 kcal/mol. The best score was achieved by
kaempferol-3-O-(6-p-coumaroyl) -glucoside(Compound 9) followed by aesculin (Compound 25)
while Quinic acid (Compound 20) showed the lowest affinity toward ADP-binding site of NLRP3.
© 2023 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

* Corresponding author. The Sapotaceae are a suborder of the Ericales that includes flowering
E-mail address: dinaphd888(@gmail.com (D.F. Sayed). plants and splits into 53 genera and five tribes. Furthermore, 1250 spe-
Peer review under responsibility of King Saud University. cies. Plants of this family have high economic value. They also give the

locals a sizable source of support for their way of life. In addition to
their economic worth, this family’s extract and metabolites have
medicinal activity like anti-inflammatory effects (Rodrigues et al.,
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cancer and scavenging free radicals (Ali et al., 2022). A medium-sized
evergreen tree of the sapotaceae family called Mimusops elengi Linn,
can be found in tropical forests, whose distribution extends to India
(Warrier, 1993). Different parts of M. elengi have medicinal properties
which possess antibacterial, (Moghadam et al., 2020) antifungal (Lee
et al., 2018) and antioxidant properties (Boonyuen et al., 2009). Pul-
monary inflammation is initiated through modulation of NLRP3
inflammasome by SARS-CoV related protein triggered in the macro-
phage via chemokines. As a result, using the NLRP3 inflammasome
as a target for drugs that aim to reduce corona virus-related inflamma-
tion is beneficial. Plant-originated antioxidants such as phenolics
(Lopez-Corona et al., 2022), flavonoids, vitamins, carotenes and tan-
nins, play a vital role in protecting cells from inflammation with min-
imal side effects (Zhang et al., 2011). Gallic acid removes free radicals
and protects cells from oxidative injury(Akhtar et al., 2010),(Gao
et al., 2019).The initial line of defense for the host against microbial ill-
nesses is the innate immune system (Stravalaci et al., 2022). The innate
immune system plays a critical role in viral diseases by locating and
eliminating infectious cells as well as creating an adaptive immune
response (Diamond & Kanneganti, 2022). After a virus infection, host
cells with pattern recognition receptors (PRRs) recognise PAMPs, or
pathogen-associated molecular patterns and identify specific virus
components like nucleic acids, protein, or lipids, and then immediately
trigger immune cells (Li & Wu, 2021). The primary sensors of viral
infection are retinoic acid-inducible gene-1 (RIG-I) -like receptors,
which are found on and inside immune cells (Rehwinkel & Gack,
2020). The activation of intracellular signalling cascades by Toll-like
receptors, NOD-like receptors, and cyclic GMP-AMP synthase results
in the release of type I IFNs as well as pro-inflammatory cytokines and
chemokines (Mdkhana et al., 2021). These intracellular signalling cas-
cades not only trigger an innate antiviral response but also cause the
expression of co-stimulatory molecules crucial for the start of an adap-
tive immune response (Schultze & Aschenbrenner, 2021), (Primorac
et al., 2022). Pyroptotic cell death controlled by the Nod-like receptor
family, pyrin domain-containing 3 (NLRP3) inflammasome activation
promotes the formation of intracellular multiprotein complexes known
as inflammasomes, providing this essential extra endogenous adjuvant
function (Jha & Ting, 2009).

2. Materials and methods

2.1. Chemicals

Organic solvents or Methanol (MeOH), dichloromethane,
ethyl acetate, butanol, petroleum ether, Chloroform(CHCL5),
and thin layer chromatography (TLC) Silica Gel 60F254 Plates
were purchased from Sigma Aldrich. Sulphuric acid (H,SOy),
and Ferric chloride from El-gomhouria Company. Silica gel
G was obtained from Merck. While, sephadex LH-20 was
obtained from Pharmacia, Uppsala, Sweden.

2.2. Plant material

Fresh Mimusops elengi L. leaves were collected from the raised
plant in an Al Zohria garden, Cairo, Egypt. Dr. Abdelhaliem
AbdelMogly Mohammed verified the authenticity of plant
leaves at the department of fluorescence research and plant
taxonomy and confirmed by professor Ahmed Mohammed
Fawzy, head of the department of Fluorescence, at the agricul-
tural research center. Certificate specimens are stored in the
Department of Pharmacognosy’s herbarium in the Faculty of
Pharmacy under Registration Number ME-2016., the plant
material was maintained in a container that was firmly sealed
and air dried.

2.3. Preparation of M. elengi extracts

The dried powder of Mimusops elengi Linn. Leaves (1.5 kg)
were subjected to exhaustive extraction with 70% (MeOH)
solution (3 x 7L). The methanolic extracts were concen-
trated to dryness using a rotary evaporator with a vacuum
pump and water bath temperature at 40°C. The dried
methanolic extract (228 g) was suspended in distilled water
and was defatted with petroleum-ether successfully. The
defatted crude extract (192 g) was partitioned successively
using a separating funnel with ethyl acetate (EtOAC) and
n-butanol, to yield 25 g and 17.9 g of dry residue, respec-
tively. The EtOAC extract was subjected to fractionation
on silica gel column (110 x 3 cm, 25 g) using a stepwise gra-
dient elution from Chloroform/ Methanol (CHCL;/MeOH)
mixtures up to pure MeOH. Based on thin layer chromatog-
raphy ¢TLC) using methanol/H,SO4 (10%) as a spray
reagent, the individual 200 fractions (each 50 ml) were
pooled into six collective fractions.

2.4. Liquid chromatography—electrospray ionization—tandem
mass spectrometry (LC-ESI-MS|/MS) metabolic Profiling of
M elengi extract.

The Metabolomics & Proteomics Unit at Cancer Hospital of
Children conducted the LC-ESI-MS/MS study. The test pro-
cedure was performed according to the method described by
Algahtani et al., (2022) and Mohammed et al., (2021).The
sample was prepared by macerating M. Elengi powder leaves
at room temperature in petroleum ether. Then filtered and
dried. The dried defatted powder was extracted with MeOH
till exhaustion, then the extract was evaporated under vac-
uum at 40 oC. A weighed amount of the dry residue
(50 mg) was then added to a 1 ml solution of deionized
water: -methanol:acetonitrile (50:25:25). The test sample was
subjected to two minutes of vortexing, ten minutes of ultra-
sonication, and a further ten minutes of centrifugation at
1000 rpm in this solvent mixture. The reconstitution solvent
was used to dilute the sample solution, which was then
injected in 10 L at a concentration of 1 g/L. To enable the
filtration process, separation was done using an Axion AC
system (Kyoto, Japan) attached to an autosampler system
and an In-Line filter discs precolumn (0.5 m 3.0 mm, Phe-
nomenex, USA). 3 min at 1 g/mL of the starting combina-
tion. Peaks extraction with a signal-to-noise ratio of more
than 5 (non-targeted analysis) and more than 3 feature inten-
sities of the sample-to-blank ratio were viewed using the mas-
ter view for total ion chromatogram (TIC). Applying MS-
DIAL 4.6 (RIKEN® Tokyo, Japan) and Reifycs Abf (Anal-
ysis Base File) Converter (Reifycs®, Tokyo, Japan) for Wiff
file conversion enabled data interpretation. Electrospray ion-
isation (ESI) mode and a Triple TOFTM 5600 + system
with a Duo-SprayTM system were used for the MS (AB
SCIEX, Concord, Canada). PeakViewTM software version
2 1 was used to compare retention duration and m/z values
obtained by MS and MS2 in order to identify compounds.
The Manager of XIC in PeakViewTM software was used to
calculate peak area values. Resulted ion chromatograms
(XICs) for each targeted analyte were automatically exhibited
and compared to threshold defined by user.
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2.5. MTT cell viability assessment on U937 cell line

2.5.1. MTT assay according to Van de Loosdreecht et al. (1994)
cell culture

1- A full monolayer sheet formed after 24 h of incubation at
37 °C with 1 X 105 cells/ml (100 UL) in the 96-well tissue cul-
ture plate. After a confluent sheet of cells had grown, the 96
well micro titer plates’ growth material was decanted, and
the cell monolayer had been twice washed with wash media.
The test sample was diluted twice in RPMI medium with 2%
serum (maintenance medium). In various wells, 0.1 ml of each
dilution was examined, leaving 3 wells as controls that merely
received maintenance media. The plate was tested after 37 °C
of incubation. The physical characteristics of toxicity, such
as partial or total loss of the monolayer, rounding, shrinkage,
or cell granulation, were examined in the cells. The MTT solu-
tion (5 mg/ml in PBS) (BIO). To each well, 20ul of the MTT
solution was added, and were shaken at 150 rpm for five min-
utes to properly blend the MTT into the media. 1 to 5 h were
spent in incubation (37 °C, 5% CO,) to allow the MTT to
break down. The media were disgruntled. (If required, dry
plates on paper towels to remove residue). In 200Ul of DMSO,
formazan (a metabolic product of the MTT) was reconstituted
5 min on a shaking table at 150 rpm to completely combine the
formazan and solvent. At 620 nm, the background was sub-
tracted while the optical density was read at 560 nm. Then,
optical density and cell number had a direct correlation
(Slater et al., 1963).

2.6. Docking study:

The X-ray co-crystal structure of NLRP3 bound to ADP
(PDB code: 6NPY) was downloaded from Protein Data Bank.
The receptor was prepared by deletion of water molecules and
other hetatoms, addition of polar hydrogen and Kollman
charges and energy minimization and then saved in pdbqt for-
mat. All ligands were sketched using ChemBioDraw Ultra 14.0
software (CambridgeSoft Corporation), then energy mini-
mized by MMFF94x Force Field in gas and saved in PDBQT
format. Docking simulation was performed using PyRx Auto-
Dock VINA. A grid box with dimensions of (25 x 25 x 25) A
and center coordinates X = 81.6, Y = 100 and Z = 91.5 was
created. The Lamarckian Genetic Algorithm (LGA) method
has been employed for docking calculations (Trott & Olson,
2010). The generated docking poses were ranked according
to their docking scores, and the best energy pose was selected.
The 3D and 2D interactions between the ligands and the recep-
tor have been visualized using Discovery Studio Visualizer in
order to identify the most significant interactions.

3. Results

3.1. Isolated compounds from M.elengi ethyl acetate extract

Compound (a): colourless crystal (28 mg), Molecular weight 1/
z 420, molecular formula C3qHs0O, pink-violet colour with
Liebermann Burchard test (Liebermann, 1985) m.p. 215 corre-
spondingly 'H NMR (CDCl;,400 MHz): 4.70, 4.55 (2H, s, H-
29a, 29b), 3.2 (1H, m, H-3), 0.77, 0.79, 0.85, 0.94, 0.97, 1.05,
and 1.65 (3H, s), respectively, ?°C NMR (CDCl;, 100 MHz):

0151.0 (C-20), 109.33(C-29), 79.0(C-3), 55.30(C-5), 50.44(C-
9), 48.71(C18), 48.31(C-19), 48.0(C-17), 42.19(C-14), 40.01(C-
8), 39.22 (C-22), 38.76(C-4), 38.71(C-1), 38.05(C-13), 36.71
(C10), 35.59(C-16), 34.28(C-7), 29.85(C-21), 27.99(C-23), 27.4
(C-2), 27.04(C-15), 25.56(C-12), 21.64(C-11), 20.93(C30),
19.31(C-6), 18.32(C-28), 18.01(C-25), 17.71(C-26), 16.31(C-
24), 16.05(C-27). These assignments are in agreement with
the structure of lupeol (Abdullahi et al., 2013).

Compound (b1): was obtained as an amorphous white solid
compound with a melting point: 190 EI-MS m/z, 426. 'H
NMR diagnostic peaks occurred at 5.10 (IH, J = 3.6 Hz, H-
12), 3.16 (1H, m, H-3). The "H NMR(400 MHz,DMSO, §
ppm) analysis 1.5601-1.4895(H1), 1.610 (H-2), 4.614 dd
(J = 4.4, 11.5) (H3), 0.8013(H-5), 1.505, 1.319 (H-6), 1.5439
(H-8), 1.89(H-11), 5.10 t (3.6) (H-12), 1.2893(H-18), 1.319 m
(H-19), 1.9502(H-20), 0.8686 s(H-23), 0.8429 s(H-24),
0.9399 s(H-25), 0.9600 s(H-26), 1.016 s(H-27) 0.78 s(H-28),
0.7621 d(H-29), 0.842 d(H-30)'*C NMR (100 MHz, CDCls,
& ppm): 38.59 (Cl1), 27.2 (C2), 79.04 (C3), 38.79 (C4), 55.17
(C5), 18.38 (C6), 32.65 (C7), 40.01 (C8), 47.23 (C9), 36.95
(C10), 23.55 (C11), 121.73 (C12), 145.01 (C13), 41.72 (Cl14),
26.16 (C15), 26.94 (Cl16), 32.50 (C17), 47.64 (C18), 46.93
(C19), 31.10 (C20), 37.15 (C21), 34.74 (C22), 15.5 (C23), 28.
10 (C24), 15.60 (C25), 16.91 (C26), 26.01 (C27), 28.41 (C28),
33.36 (C29), 23.71(C30) the information above fits the struc-
ture of o - amyrin (3f - hydroxy - urs — 12 — en — 3 - ol).
Obtained in mixture form with f. Amyrin (Alam & Haque,
2020).

Compound (b2): whitish, amorphous substance with a melt-
ing point between 190 and 192 °C. Amyrin triterpenoid mass is
compatible with EI-MS m/z 426.3 (M + )."H- NMR diagnos-
tic peaks occurred in 5.04 (IH, J = 3.56 Hz, H-12), 3.13 (1H,
m, H-3). The "H NMR (400 MHz,DMSO, & ppm) analysis
1.438 (Hb-1), 1.378 (Ha-1), 1.408 (Hb-2), 1.438 (Ha-2) (H2),
3.1374 dd (J = 4.4, 11.5)(H-3), 0.598 (H-5), 1.478 (Hb-6),
1.8935 (Ha-6)(H-6), 1.838(H-9) 1.7950(H-11), 5.048 t (3.56)
(H-12), 1.803 (H-18) 1.478 (H-19) 1.5439 (H-21) 0.658 s (H-
23), 0.8563 s (H-24), 0.8095 s (H-25), 0.828 s (H-26) 1.001 s
(H-27), 0.6908 s (H-28), 0.7304 s (H-29), 0.7304 s (H-30)."*C
NMR (CDCl5,100 MHz) & ppm: 38.4(C1), 23.6 (C2) 80.98,
(C3)37.7 (C4)55.26 (C5)18.25 (C6), 32.9 (C7), 40.0 (C8),
47.64 (C9), 36.79 (C10), 23.40 (Cl1), 124.43 (C12), 1394
(C13), 42.2 (Cl14), 28.09 (C15),26.7 (C16) 33.75 (C17), 59.06
(C18),39.61 (C19), 39.64(C20), 31.27 (C21), 41.5 (C22), 28.07
(C23), 16.95 (C24)15.76 (C25), 17.51 (C26), 23.23 (C27),
28.96(C28), 16.92 (C29), 21.44 (C30).The presence of. .
Amyrin peaks in the '*C- NMR spectrum allow for the identi-
fication of component 2(b) as f. Amyrin in a mixture. (Okoye
et al., 2014).

Compound (c):

White needles, m.p. 336 °C; MS: HR-EIMS m/z 457.441cal-
culated. for C30Hs05); 'H NMR (DMSO, 400 MHz): 5.13
(1H, br s, H-12), 4.29 (1H, br s, OH), 3.00 (1H, dd, J = 12,
6.4 Hz, H-3), 2.099 (1H, d, J = 11.28 Hz, H-18), 1.04 (3H,
s, Me-23), 0.92 (3H, s, Me-27), 0.87 (3H, s, Me-26), 0.85
(3H, s, Me-24), 0.90 (3H, d, J = 7.5 Hz, Me-30), 0.81 (3H,
d, J = 6.36 Hz, Me-29), 0.68(3H, s, Me-25). '*C NMR
(DMSO, 100 MHz): 39.9 (C-1), 28.7 (C-2),76.9 (C-3), 38.72
(C-4), 55.2 (C-5), 18.4 (C-6), 33.3 (C-7), 40.6 (C-8), 47.5 (C-
9), 36.99 (C-10), 23.7 (C-11), 125.0 (C-12), 138.6 (C-13), 42.
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1 (C-14), 28.01 (C-15), 24.2 (C-16), 47.2 (C-17), 52.8(C-18),
39.3 (C-19), 39.3 (C-20), 30.6(C-21), 36. 9 (C-22), 28.7 (C23),
15.6 (C-24), 16.4 (C-25), 17.4 (C-26), 23.7 (C-27), 178.8 (C-
28), 17.4 (C-29), 21.5 (C30), Using the information provided,
component (c) was determined to be 3-hydroxyolean-12-en-
1-8-28-oic acid. (18a-oleanolic acid) ursolic acid (Chen et al.,
2019).

Compound (d): Yellow amorphous powder (100 mg). When
exposed to extended UV radiation, a yellow fluorescence patch
changed to yellowish orange with Naturstoff and faint blue
with FeCl;., '"H NMR (DMSO dg, 400 MHz): & ppm 6.89
(2H, s, H-2°/6%), 6.376 (1H, brs, H-8), 6.209 (1H, brs, H-6),
3.984 (1H, brs, H3%),5.2(1H, brs, H-1°) 0.835 (3H, brd, H-
6" d, J = 6.4 Hz,), 3.17-4.1 (remaining sugar protons). °C
NMR (DMSO dg, 100 MHz): & ppm 178.07 (C-4), 164.63 (C-
7), 161.78 (C-5), 157.96 (C-2),156.87(C-9), 146.24 (C-3°/5%),
136.91 (C-3), 134.75 (C-4), 120.07 (C-1°), 108.36 (C2°/6°),
102.41 (C-10, C-1*), 99.11 (C-6), 93.98 (C-8), 71.74 (C-4%),
71.02 (C-2%), 70.85 (C-3%), 70.48 (C-5°), 17.99 (C-6). Nega-
tive ESI-MS/MS (ET, relative intensity %), m/z 463.2 (M -
H™) (cal: 464.126) for a MF: C5;H,40,,, Accordingly, com-
pound (d) was identified as myricitrin (Motlhatlego et al.,
2020).

Compound (e): An amorphous yellow powder with an Rf
value of 0.41 was coloured using diluted sodium hydroxide;
the result was a strongly yellow solution that went colourless
when diluted acid was applied, indicating the presence of flavo-
noids. Negative HRESI-MS/MS, (EI-, relative intensity %), m/
2479.03 (M - H + ), (cal: for molecular formula C5;H,00,5.'H
NMR (DMSO dg4, 400 MHz): & 3.27~3.63(m, sugar protons),
5.30 (1H, d, J = 7.2 Hz, H-1"), 6.202 (1H, d, J = 2.0 Hz,
H-6), 6.38 (1H, d, J = 2.08 Hz, H-8),7.19 (2H, s, H-2'/H-6');
13C NMR(DMSO dy, 100 MHz): 6 60.5 (C-6"),68.45 (C-4"),
71.74 (C-2"), 73.75 (C-3"),76.64 (C-5"), 93.88 (C-8), 99.15 (C-
6),102.4 (C-1"),104.46, 104.30 (C-10), 108.88 (C-2'/6'), 120.28
(C-1), 134.21 (C-3),137.30 (C-4), 145.95 (C-3'/5), 156.70(C-
2), 156.5 (C-9), 161.68 (C-5), 164.78(C-7), 177.74 (C-4)
Accordingly, compound (e) was identified as Myricetin 3-
O-B-galactopyranoside that was confirmed by comparison
with reported literature (Giirbiiz et al., 2015).

Compound (f): was isolated as a yellow, amorphous powder
that, when exposed to ammonia vapour or sprayed with AlCls,
transformed from purple to yellow under UV light. Complete
acid hydrolysis resulted in the production of two sugar moi-
eties (glucose and rhamnose) in the aqueous phase and myrice-
tin in the organic phase. 'H-NMR (DMSOJ6): (ppm) = 6.20
(1H,d,J = 1.8 Hz) H-6, 6.389 (1H, d, J = 1.8 Hz) H-8, 7.2044
(2H, s) H-2', 7.2044(2H, s) C-¢, 5.3730 (1H, d, J] = 6 Hz)H-1",
3.24 ~ 3.42 (m, sugar protons) H-2", 3.4160 1H, d, J = 8.8 Hz
(H-5"), 5.208 (1H) (H-1"").3C-NMR (DMSO d5):157.93 (C-2),
134.21 (C-3), 178.24(C-4), 162.43(C-5), 99.15(C-6), 164.78(C-
7), 94.00(C-8), 158.01(C-9), 104.46(C-10), 120.42(C-1"),109.00
(C-2),145.8 (C-3'),137.17(C-4),145.8(C-5"), 109.00(C-6'),104.3
5(C-17),73.90(C-2"),76.40 (C-3"), 71.66 (C-4"), 76.64 (C-5"),
66.57 (C-6"),102.49 (C-17),70.85(C-2""),70.48(C-3""),73.5 (C-
4",69.81 (C-5"),17.99(C-6""). The presence of glucose and
rhamnose was deduced from the ' H-NMR and '*C-NMR
spectra. Comparing the reported data with those reported in
the literature (Fossen et al., 1998) revealed that compound
® was Myricetin-3-0-o-L-rhamnopyranosyl(1 —6)
glucopyranoside.

Compound (g): It is a dark yellow amorphous powder that
fails the Molisch test and fluoresces brightly yellow when
exposed to ammonia vapour, orange when exposed to the Nat-
urstoff reagent, and green when exposed to the FeCl; spray
reagent. '"H NMR spectral data (400 MHz, DMSO dg) &
ppm 7.7 (IH, d,J = 2.2 Hz, H-2'), 7.54 (1H, dd,J = 2.0,
8.42 Hz, H-¢'), 691 (1H, d,J = 8.48 Hz, H-5), 6.42 (1H, d,
J = 1.76 Hz, H-8), 6.20 (IH, d,J = 1.8 Hz, H-6). °C
NMR (DMSO dg, 100 Hz) § - 176.28 (C, C-4), 164.35 (C,
C-7), 161.17(C, C-9), 156.6 (C, C-5), 148.14 (C, C-2), 146.5
(C, C-4), 145.50 (C, C-3), 136.19 (C, C-3), 122.46 (C, C-1"),
120.47 (CH, C-6), 116.08 (CH, C-2'), 115.54 (CH, C-5),
103.48 (C, C-10), 98.66 (CH, C-6), 93.83. As a result, compo-
nent (g) was recognised as quercetin, which was verified by
comparison with published data. (Hu et al., 2013).

Compound (h) was discovered as an off-white amorphous
powder with a melting point of 257 °C and was seen to fluo-
resce faintly violet under short-wave UV light before turning
deep blue when FeCl; spray reagent was applied. A molecular
ion peak at m/z 169 [MH] was visible in negative ESI-MS and
corresponded to a molecular formula. Two symmetrical pro-
tons of C;H¢Os were found in the aromatic area at H
6.93 ppm in the 'H NMR spectrum data (400 MHz,
DMSO d¢) (2H, s, H-2 and H-6). Aromatic carbons were
detected by '*C NMR (100 MHz, DMSOd;) at 3C
109.1 ppm (C2, C6), 120.9 ppm (Cl), 138.4 ppm (C4),
145.8 ppm (C3, C5) and carbonyl carbon at 6C 167.9 ppm
(-CO) (Lim et al., 2004). Compound (h) was identified as
3,4, 5-trihydroxy-benzoic acid based on the mentioned NMR
data and literature comparison (Gallic acid).

Compound (I) Melting point: 227 °C; obtained as white
ovoid crystals; soluble in alcohol and water but insoluble in
organic solvents; negative ESI-MS analysis revealed molecular
ion peak 163.24 with chemical formula C¢gH;,0s. While Com-
pound (I) does not diminish Fehling’s solution and appears to
be isomeric with rhamnose, this suggests that it is a cyclitol.
The signal in its "H NMR spectrum reveals that the structure
of (I) is monocyclic. Compound (I) acetylation with acetic
anhydride in the presence of triethylamine produce an oily
pentacetate proved that it had five hydroxyl groups.; 'H
NMR (400 MHz, D,0): 61.78 (H6ax., ddd, J = 14,
11.5,3Hz),1.8(H6 eq.,dddd,J = 14,4.8,3.5,0.9 Hz), 3.5(H-2,t,
J = 9.2 Hz), 3.64 (H-3, dd, J = 9.4, 3.1 Hz), 3.8 (H-1, ddd,
J = 11.2,9.49 Hz),3.95(H-4, td,J = 3.2,0.9 Hz),4.04(H-5.4,-
5 = 3.3 Hz) >C NMR (100 MHz,D,0) §33.2 (C-6), 68.5
(C-5), 68.8 (C-1), 70.9 (C-3), 72.2 (C-4), 75. 74 (C-2). The data
suggest (i) to be pentahydroxy cyclohexane [(+) — quercitol]
(Lavaud et al., 1994).

3.2. UPLC-QTOF-ESI-MS|/MS metabolic profiling

In the current study, the polyphenolic 2ry metabolites in the
M. elengi leaf extract were identified using UPLC-QTOF-ESI
-MS/MS”. The RT, % abundance, MS fragmentation, and
MS fragment ion were represented in Table 1, Fig. 2. Identi-
fication of each peak of compounds was carried out by com-
paring authentic reference compound spectra and literature,
fragmentation patterns in negative mode. Compounds were
identified in M. elengi extract and characterized as flavonoids;
Myricitrin = (1), Myricetin  (2), Kaempferol-3-O-alpha-L-
rhamnoside (3), Quercitrin (4), Kaempferol-3-Glucuronide
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(5), Daidzein-8-C-glucoside (6) Phlorizin (7) Isorhamnetin-3-
O-glucoside (8), Kaempferol-3-O-(6-p-coumaroyl)-glucoside
(9),0kanin-4’-O-glucoside (10) Quercetin-3-Glucuronide (11),
Baicalein-7-O-glucuronide (12), phenolic acid: D-(-)-Quinic
acid (20) and major identified Coumarins Aesculin (25)
Fig. 1.

3.3. Cytotoxicity evaluation of extract using (MTT) with 6
concentrations 1000, 500, 250, 125, 62.5, 31.25 ug/ml

To determine the ethyl acetate (EtOAC) Extract ICsg, the
dose-response curve was plotted. The number of viable
U937 (Histocytic lymphoma) cells grown in repeated extract
dilutions in comparison to control was statistically analysed.
It was found as seen in Fig. 6 that the Extract, with an ICsq
value of 55.8 pg/mL, had the highest cytotoxicity on the
U937 cell line.

3.4. Molecular docking

Docking simulation was performed in order to study the bind-
ing affinity and binding poses of the investigated compounds
with the target protein. An induced fit method has been
employed to dock each compound in the ADP binding site
of the NLRP3 protein (PDB code: 6NPY). The docking scores
and interactions with the active site residues are summarized in
Table 2, Figs. 8-10. Compound 9 has the highest binding affin-
ity record —12.30 (AG in Kcal/mol). Compound 25 Aesculin
recorded —8.84 (AG in Kcal/mol). While compound 20 D-

(-)-Quinic acid reported: —6.2 (AG in Kcal/mol) Table 2:
Docking results of compounds (9, 25, 20) with the ADP bind-
ing site of NLRP3 (PDB code: 6NPY).

4. Discussion

The UPLC/ESI-QTOF-HRMS/MS technique in its negative
ionization mode permitted the tentative identification of 29
metabolites in M. elengi methanol extract (Fig. 2). The major-
ity of these metabolites were flavonoids and their O- and C-
glycosides, phenolic and organic acids, stilbenes, and coumar-
ins. The identified metabolites were displayed (Table 1) based
on their relative abundance in the extract, which was calcu-
lated using the total peak area of the identified metabolites.
Mpyricitrin was the most abundant metabolite (40.82%) among
all identified compounds, followed by quinic acid (31.56 %),
myricetin (8.55 %), astringin (4.28 %), kaempferol-3-O-o-L-r
hamnoside (4.03 %), caffeic acid (2.79%), and quercitrin
(2.61 %).

4.1. Identification of flavonoids

In the negative ionisation mode of UPLC/ESI-QTOF-HRMS/
MS, diagnostic mass fragments at positions 285, 301, 315, and
317 identified the aglycones as kaempferol, quercetin, isorham-
netin, and myricetin, respectively. The identification of pento-
sides (xylose or arabinose), hexosides (glucose or galactose),
deoxyhexosides (rhamnose), and glucuronic acid, respectively,
was made possible by the neutral losses of 132, 162, 146, and

oH ©O
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HO OH OH
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| HO. -~ O
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e I | -4
HO ] OH ©
HO™ oM HO,
OH
HO™
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Fig. 1

Main compounds identified by(LC-ESI-MS/MS) Metabolite Profiling of M.elengi extract.
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Table 1 Phytochemical Profiling of M.elengi methanol extract of leaves by LC-MS/MS Analysis (Negative Mode ESI).

No. RT * % of [M—H]" Molecular Fragmentation Tentatively identified References
(min.) abundance formula compounds
I. Flavonoids:
1 6.42 40.82 463.0888 C,Hy0012 317.0309, 316.0238, 271.0260 Myricitrin (Saldanha et al., 2013)
2 8.78 8.55 317.0549 C;sH;(Og 317.043, 300.04, 271.026, Myricetin (Gates & Lopes, 2012)
211.071, 179.0102, 112.985
3 740  4.03 431.0982 C,H»00;9 285.04, 284.033, 255.03 Kaempferol-3-0-a-L- (Ibrahim et al., 2016),
rhamnoside (Farid et al., 2022)
4 6.74 2.61 447.0963 C, H»00;; 301.036, 300.0295 Quercitrin (Llorent-Martinez et al.,
2015)
5 5.51 0.75 461.1302 C, H30,», 415.12, 392.902, 324.915, Kaempferol-3-Glucuronide (Kajdzanoska et al.,
256.92, 167.036 2010)
6 8.15 0.46 415.1956 C, H»,O9 295, 267 Daidzein-8-C-glucoside (Zhang et al., 2005;
Prasain et al., 2004)
7 7.38 0.22 435.1275 C,H»40,9 273.08, 167.03, 123.04 Phlorizin (Buzgaia et al., 2021)
8 6.56 0.16 477.1062 C»H»,0,, 315,179, 151 Isorhamnetin-3-O-glucoside (Brito et al., 2014)
9 5.24 0.15 593.0786 C;30H»cO13 447, 307, 285, 271 Kaempferol-3-O-(6-p- (Felipe et al., 2014)
coumaroyl)-glucoside
10 7.25 0.15 449.1478 C, H»,0;; 316.02, 281.06, 256.92 Okanin-4'-O-glucoside (Alotaibi et al., 2022)
11 5.78 0.13 477.0671 C,H;g0;3 301, 112.98 Quercetin-3-glucuronide (Song et al., 2021)
12 5.62 0.09 445.1425 C,H30,; 269 Baicalein-7-O-glucuronide (Li et al., 2014)
13 9.22  0.08 271.0618 C;5H,05 185, 151, 125, 119 Naringenin (Chen et al., 2016)
14 6.38 0.06 433.0002 C,oH;50,; 301, 300, 271, 151 Quercetin-3-D-xyloside (Eltamany et al., 2020)
15 9.59  0.04 298.9434 C¢H,06  298.9418 3 5 7-trihydroxy-4'- (Brito et al., 2014)
methoxyflavone
16 8.39 0.04 315.0686 Ci;sH;,O0;  315.0400 3/-Methoxy-4',5,7- (Elmongy et al., 2022)
trihydroxyflavonol
17 8.03 0.03 283.1053 C;¢H,05  283.0922 Acacetin (El-sayed et al., 2021)
18 5.72 0.02 507.093  Cy3H»40;3 135.03372 Syringetin-3-O-galactoside (Flamini et al., 2015)
19 6.16  0.02 609.1451 C,7H300;6 300.02704, 180.96916 Luteolin-3’, 7-di-O-glucoside (van Der Klift et al.,
2021)
II. Phenolic acid:
20 1.18 31.56 191.0564 C;H;,04 173.044, 127.039, 111.044, D- (-)-Quinic acid (Zhu et al., 2022;
93.0346, 85.029 Gouveia & Castilho,
2011)
21 1.27  2.79 179.0556 CyHgOy4 161.0439, 143.036, 131.036,  Caffeic acid (Abdelaziz et al., 2020)
89.024, 81.0385, 78.9569
22 1.43 1.79 353.1978 Cy6H ;309 191, 85 Chlorogenic acid (Managa et al., 2020)
23 1.66 0.23 163.0391 CyHg0; 143.044, 119.04, 71.022 3-(4- hydroxyphenyl) prop-2- (Liu et al., 2007)
enoic acid
III. Stilbenes:
24 8.57 4.28 405.1019 Cy0H»nO9  243.0646, 242.0590, E-3.4,5-Trihydroxy-3'- (Flamini & De Rosso,
151.0043, 112.9839 glucopyranosylstilbene 2019)
(Astringin)
IV. Coumarins:
25 6.70  0.18 339.2029 C;sH;s09 339, 183 Esculin (Elhady et al., 2022)
26 10.13 0.08 177.0219 CoHgOy4 133.03,177.02 Daphnetin (Jiménez-Lopez et al.,
2017)
V. Others:
27 5.15 0.29 183.0298 CgHgOs 124.01,140.01, 168.0, 183.031 3,4-Dihydroxymandelate (Sule et al., 2017)
28 1.10  0.35 245.0291 CsH;,0,P, 153.99, 165.06,169.01, Gamma-Dimethyallyl (Lee et al., 2011)
188.942, 245.03 pyrophosphate ammonium salt
29 6.99  0.04 167.0398 CsH4N,O3 167.03 Uric acid (Zhu et al., 2022)

*percentage of abundance calculated from peak area (peak area of the compound / total peaks area of the identified secondary

metabolites X 100.

176 mass units. The retro Dies-Alder (RDA) reactions of
flavon-3-ols with a dihydroxylated A ring are characteristic
of values of m/z lower than the aglycone (i.e., m/z 317), and
m/z 137 is a typical fragment of the trihydroxylated B ring
(Saldanha et al., 2013).

Generally, characteristic fragmentations of precursor ions
of C-glycosides are shown to be cross-ring cleavages of the gly-
coside moiety [M—H- (60/90/120)] ~ whereas O-glycosides are
shown to eliminate the sugar moiety from the aglycone unit.
To differentiate between 6- and 8-C-glycosides, 6-C-
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glycosides exhibit [M—H—18] ~ as a characteristic ion due to
the removal of a water molecule, as well as a higher abundance
of [M—H-90] ~ ions than 8-C glycosides, while the relative
intensity of the [M—H—120] ~ ions is higher in flavonoid 8-
C-glycosides than flavonoid 6-C-glycosides. Flavonoid 6,8-di-
C-glycosides exhibit cross-ring cleavages of the sugar attached
to the C-6 position preferential (Singh et al., 2015). Of the fla-
vonoids identified from M. elengi methanol extract, compound
1 (retention time 6.42) exhibited a [M — H] ~ at m/z 463 corre-
sponding to the molecular formula C,;H;y0;, and a fragment
ion at m/z 317 indicating the loss of rhamnosyl moiety
(146 Da) yielding the aglycone part. The fragment ion at m/z
316 indicates [M—2H—rhamnose]. Based on published data
and library databases, this compound was identified as myric-
itrin, (Fig. 3). In addition, compound 2 (retention time 8.78)
exhibited a [M — H] ~ at m/z 317 corresponding to the molec-
ular formula C;sH;¢(Og and fragment ions at m/z 316 [M—2H] -
and [>A7] at m/z 179. Based on published data and library
databases, this compound was identified as myricetin aglycone
(Fig. 3).

Compound 3 revealed a molecular ion peak at m/z 431 [M —
H] ™ at a retention time of 7.40 min, of 7.40 min, corresponding
to the molecular formula C,;H»(O;9. The MS/MS fragmenta-
tion produced the product ions at m/z 285 [M — 146 — H] °,
indicating the loss of rhamnosyl moiety, and at m/z 284 [M —
146 — 2H] " suggesting the presence of kaempferol derivative.
This compound was identified as kaempferol-3-O-a-L-
rhamnoside based on a comparison with data from library
databases and previously published literature, (Fig. 4). Com-
pound 4 revealed a precursor ion at m/z 447 at a retention time
of 6.74 min. The second-generation of the precursor ion at m/z
447 [M — H] ~ produced the product ions at m/z 301 [M — 146 —
H] °, indicating the loss of rhamnosyl moiety, and at m/z 300
[M — 146 — 2H] ~. Such a fragmentation pattern confirmed
the presence of a quercetin rhamnosyl derivative. Based on
published data and library databases, this compound was iden-
tified as quercitrin, (Fig. 4). These four compounds represent

Negative ion mode TIC mass chromatogram of M. elengi methanol extract.

the major identified flavonoids of M. elengi methanol extract
(Table 1).

4.2. Identification of phenolic and organic acids

Results of UPLC/ESI-QTOF-HRMS/MS analysis of M. elengi
methanol extract in negative ionization mode revealed the
presence of both phenolic and organic acids. Commonly, in
the spectra of all phenolic acids and organic acids, the molec-
ular ion peak, [M—H] -, has been seen. MS? spectra also show
fragment ions characteristic for decarboxylation (—CO,,
44 Da) and dehydration (-H,O, 18 Da). Caffeic acid, chloro-
genic acid, and 3-(4-hydroxyphenyl) prop-2-enoic acid were
detected to be the major phenolic acids in the extract, whereas
quinic acid was the most abundant organic acid, representing
31.56% of the identified compounds. Compound 21 exhibited
a molecular ion peak [M—H] ~ at m/z 179, corresponding to
the molecular formula CoHgO4 with a characteristic daughter
ion at m/z 161 [M—H—18], corresponding to the neutral loss
of a water moiety. This compound was tentatively identified
as caffeic acid based on published data and library database,
(Fig. 5). Compound 20 exhibited a molecular ion peak
[M—H]™ at m/z 191, corresponding to molecular formula
C;sH,O¢ with characteristic daughter ions at m/z 173
[M—H-18] ", corresponding to the neutral loss of a water moi-
ety, and 127 [M—H—64] °, corresponding to neutral losses of
2H,0 and CO. This compound was identified as quinic acid
based on published data and library database, (Fig. 5).

4.3. Identification of stilbenes

Only one stilbene was emerged in the output LC/MS data and
was detected at a retention time of 8.57 min. This compound
revealed a molecular ion peak [M—H] ~ at m/z 405, corre-
sponding to the molecular formula C,oH,,09 with characteris-
tic daughter ions at m/z 243 [M—H—162] , corresponding to
the loss of glucose moiety, and 242 [M—2H—162] ". Based on
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Fig. 7

Table 2 Docking results of compounds (9,25,20) with the ADP binding site of NLRP3 (PDBcode : 6NPY).

(A) Structure of NLRP3 with bound ADP (PDB: 6NPY) (B) Magnification of the active site of NLRP3 with bound ADP.

Ligand Binding affinity Interaction parameters
(AGHn Kealjimol) Tnteraction Residue 3(A) E (Kcal/mol)

Compond 9 —12.30 H-donor Asp 151 2.87 —4.5

(Kaempferol-3-O-(6-p-coumaroyl)-glucoside H-donor Asp 303 2.70 -2.9
H-acceptor His 520 2.85 —1.5
Pi-Pi Trp 414 3.52

Compond 25 —8.84 H-donor Asp 151 2.72 —5.1

(Aesculin) H-acceptor Thr 167 3.11 -2.1
H-acceptor Thr 167 2.84 -1.5
H-acceptor Arg 165 3.09 —-1.7
Pi-Pi Trp 414 3.81

Compound20(quinic acid) —6.20 H-donor Asp 151 2.93 -2.1
H-donor Asp 151 3.21 —1.5
H-acceptor Thr 167 3.11 -1.2
H-acceptor Arg 165 3.04 -2.1
H-acceptor Tyr 379 3.22 —0.8
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published data and library databases, this compound was iden-
tified as astringin.

4.4. Identification of coumarins

Coumarins, like all other identified phenolic types, showed
experimental molecular ion peaks that were in complete accord
with their own predicted accurate masses and molecular for-
mulas. As presented (Table 1), two coumarins were detected
in the methanol extract of M. elengi. Compound 25 was
expected to be a di-hydroxycoumarin hexoside, where it
showed a molecular ion peak at m1/z 339 [M—H] ~, correspond-
ing to molecular formula C,sH;c0o, and its MS? spectrum

Fig. 8

gave the characteristic fragment ion at m/z 177 [M—H—-162]
~, corresponding to the loss of hexoside moiety. This com-
pound was tentatively identified as esculin consistence with
the conventional library database and the literature, (Table 1).
Finally, the recorded data was in complete accordance with the
conventional library database and reported literature for
daphnetin.

4.5. NLRP3 inflammasome assembly complex in response to
viral infection

Given the importance of the NLRP3 inflammasome in many
domains of human health and disease, it is crucial to compre-

Interactions

B Comventonsi Hydrogen Bond B 7P stadked

(C, D), 3D illustration of the docking poses of compound (9): kaempferol-3-O-(6-p-coumaroyl)-glucoside, (in ADP binding site of

NLRP3 with 2D depiction of the binding interaction between compound 9 and the active site).

Fig. 9
binding interaction between compound 25 and the active site).

Interactions
I Comventonsi Hydrogen sond

B P stacked

(E, F): 3D illustration of the docking poses of compound (25): Aesculin (in ADP binding site of NLRP3 with 2D depiction of the
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Fig. 10

hend the processes involved in activation (Nakagawa et al.,
2015). Developing targeted therapeutics for the treatment of
NLRP3-driven disorders will be made easier with a better
knowledge of the activation and assembly of the NLRP3
inflammasome complex (Fig. 7). It takes two steps for macro-
phages to activate the NLRP3 inflammasome, which must be
“primed” either in advance of or concurrently with a sec-
ondary NLRP3-specific activation of receptors that signal via
MyD88/TRIF, such as Toll-like receptors (TLRs), IL-1R,
tumour necrosis factor receptor, and NOD2 (TIR-domain-
containing adapter-inducing interferon) (Alishahi et al.,
2019) (Wang et al., 2022). The activation of caspase-1, how-
ever, does not require additional protein translation as priming
occurs quickly (Xie et al., 2019). According to a study by
Surabhi et al.,(2022) activating the NLRP3 inflammasome
results in an increase in the release of IL-1B (Surabhi et al.,
2022), (Miller et al., 2022). Moreover, a previous investigation
showed that IL-1B mediated by NLRP3 may cause asthma
exacerbations (Im & Ammit, 2014). Inhibitors of NLRP3
inflammasome activation result in anti-inflammatory effects
(Hung et al., 2019). Data findings showed that an Ethyl acetate
extract causes the induction of apoptosis in U937 cell lines
with 1Csq 55.8 pg/mL, resulting in growth inhibition in a
concentration-dependent manner via apoptotic cell death
induction. Compound 9 kaempferol-3-O-(6-p-coumaroyl) -
glucoside possesses antioxidant properties (Dall’Acqua et al.,
2008), suppresses cytokines (Allam, 2021). Resulting data
showed that kaempferol-3-O-(6-p-coumaroyl) -glucoside has
the strongest affinity fitting NLRP3 ADP-binding site. More-
over, Aesculin showed a docking configuration with high affin-
ity —8.84 (AG in Kcal/mol) interacting with the NLRP3
inflammasome ADP active site.

4.6. Docking experiment

The investigated compounds have demonstrated docking
scores ranging from -6.20 to —12.30 kcal/mol. The best affinity

o
o

T ° HR
e 167
A @

= B

RE) o Ail66

(G, H): 3D illustration of the docking poses of compound (20): Quinic acid (in ADP binding site of NLRP3 with 2D depiction of
the binding interaction between compound 20 and the active site).

towards ADP-binding site of NLRP3 was achieved by
kaempferol-3-O-(6-p-coumaroyl) -glucoside (Compound 9).
The phenolic hydroxyl group of the p-coumaryl moiety of
the compound (9) has formed a hydrogen bond with Asp303
whereas 7-OH of the flavonoid part, has established another
hydrogen bond with Aspl51. The oxygen atom of the sugar
ring also formed a hydrogen bond with His520. The flavonoid
part ring B and C have shown Pi-Pi interaction with Trp 414
(Fig. 8). Regarding the interaction of compound (25) (Aes-
culin) with the binding site, the OH groups of the sugar ring
have established three hydrogen bonds interactions with
Argl65 and Thr167 while the coumarin OH group formed a
hydrogen bond with Aspl151. The coumarin ring also formed
Pi-Pi interaction with Trp414 (Fig. 9). Compound (20) quinic
acid has interacted with the binding site through formation
of one hydrogen bond by 3-OH groups with Asp151 and three
hydrogen bonds by 4-OH with Asp151, Argl65 and Tyr379.
Also, the carbonyl oxygen atom formed one hydrogen bond
withThr167 (Fig. 10).

4.7. Conclusion

Both phenolic compounds and flavonoids are generally recognized as
secondary metabolites of plants, and they have been investigated for
their potential to improve human health and treat or prevent a variety
of diseases. Flavonoids can reduce inflammatory mediators by interfer-
ing with the macrophage NLRP3 inflammasome. The current study
revealed that kaempferol-3-0-(6-p-coumaroyl)-glucoside displayed sig-
nificant binding affinity and high energy activities interacting with
NLRP3 active site.
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