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ABSTRACT ARTICLE HISTORY

Compared to its leaf, few studies have been reported on the Received 11 September 2021

seeds of Moringa oleifera Lam. Metabolites profiling analysis of M. Accepted 25 January 2022

oleifera seed methanolic extract (ME) and its fixed oil (MO) was

attempted vig LC/MS and GC/MS. LC/MS analysis of M. oleifera ~ KEYWORDS

seeds annotated 84 peaks of which glucosinolates and their corre-  Fixed oil; glucosinolates;
. . . GC/MS; Helicobacter pylori;

sponding acetyl isomers were abundant. GC/MS of seed oil LC/MS: molecular docking

revealed the abundance of fatty acids with oleic acid at 34.3%. ’

ME exhibited significant anti-Helicobacter pylori activity with MICs,

0.92 ug/mL, nearly one-half that of Clarithromycin. Fixed oil (MO)

showed a nonselective anti-inflammatory effect with 1C50=

244 +0.8 ng/mL correlated to Ibuprofen. To unravel the mechan-

ism of the anti-H. pylori activity a molecular docking study of the

principal components of the ME has been performed, using H.

pylori urease enzyme. Interactions with Ni*™ ions and amino acid

residue in the active site, which are crucial for the enzyme’s bio-

chemical role, are evidenced.
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1. Introduction

Moringa oleifera leaves are traditionally used as nutritious foods and likewise conven-
tional medicine. Moringa oleifera rich in polyunsaturated fatty acids, and phytonu-
trients i.e., polyphenols and glucosinolates (Amaglo et al. 2010) account for its
nutritive value and several health benefits. Moringa seeds are rich in glucosinolates
(Shanker et al. 2007). Recently, (Adege et al. 2016) identified Moringa seed oil as of
high yield at 30-40% w/w in addition to its, high-level of monounsaturated fatty acids.
Haristoy et al. (2005) confirmed that 4-o-L-rhamnosyloxy benzyl isothiocyanate, has a
potential anti- Heliobacter pylori effect and is derived from the hydrolysis of
‘glucomoringin’ of M. oleifera.

Previous reports confirmed moringa parts i.e., leaf, seed, root, and oil anti-inflamma-
tory along with antiulcer effects (Meireles et al. 2020). Moringa oleifera displayed cer-
tain level of protection against the H. pylori strain of bacteria mostly attributed to its
benzylisothiocyanate contents (Peixoto et al. 2011). Data on M. oleifera was limited to
specific germplasm Malaysian or Ghanaian cultivars (Nouman et al. 2016) and plants
grown in Sahrawi Refugee Camps, Chad, and Haiti (Leone et al. 2015) mostly evaluated
for polyphenolic contents. Few studies were reported concerning fatty acid compos-
ition of moringa seed oil (Aly et al. 2016; Barakat and Ghazal 2016). Whilst few report
has been made on Moringa seed of the Egyptian plant and its detailed metabolites
composition using advanced analytical tools. Abdelsayed et al. (2021) reported a quan-
tification of niazimicin, thiocarbamate glycoside in leaves and seed of M. oleifera which
measured as valuable drug in potential pharmaceutical application. Aim of work was
to assess the metabolites profile of M. oleifera seed. First, UPLC-MS was used for the
profiling secondary metabolites i.e., phenolics and glucosinolates. Second, GC/MS was
used for characterisation of the fixed oil derived seeds in terms of its fatty acid com-
position. Seed extracts subjected to anti- Helicobacter pylori and anti-inflammatory
activities. Furthermore, docking study for principal components identified in Moringa
seeds was attempted to decipher the underlying mechanism of H. pylori antibacter-
ial effect.

2, Results and discussion
2.1. Profiling of M. oleifera seed secondary metabolites through UPLC-MS

A total of 84 peaks were annotated in both ESI™ and ESI ionisation modes (Table S1
and Figure S1). As of the base peak intensity chromatograms, it appears that the posi-
tive was better than the negative ionisation mode. Metabolite classes identified
include thiocarbamates, glucosinolates, nitriles, phenolic acids, flavonoids, alkaloids,
glycosides, and steroids with the chemical structures (Figure S1-2).

Ultraperformance liquid chromatography-tandem mass spectrometry (UPLC-MS)
assessments of ME showed a varied array of phenolics with flavanols as the major sub-
class (Table S1). Hydroxycinnamic acids were identified in several of which were previ-
ously reported in leaves of moringa (Vergara-Jimenez et al. 2017). Based on molecular
masses, along with fragmentation patterns 7 flavanols and 13 cinnamates were tenta-
tively known by association with literature. Distinct flavonoids were characterised by
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quercetin and kaempferol derivatives present mostly as O-glycosides including kaem-
pherol-3-O-glucoside, kaempherol-3,7-O-diglucoside (5), kaempherol-7-O-glucoside (7),
afromosin (isoflavone) (25), quercetin-3-O-acetylglucoside (44), isorhamntin (50), luteo-
lin-3-O-pentoside (52) and kaempferide-3-O-(2,3-di-O-acetyl-f-D-glucopyranoside (59)
(Table S1 and Figure S1).

With respect to hydroxycinnamic acids, UPLC-MS study recognised the resulting
compounds: O-caffeoyl-y-quinic acid lactone (9), O-acetyl-4-O-caffeoylquinic acid (13),
malonylcaffeoylquinic acid (24), 4-O-caffeoyl- quinic acid butyl ester (28), caffeic acid
(29), O-feryloy-y-quinide-methylether (32), trihydroxycinnamoyl gallic alcohol deriva-
tives (36), p-coumaric acid -O-hexoside (58), cryptochlorogenic acid (62) and 3-p-cou-
maroyl quinic acid (69) (Table S1). The main hydroxylcinnamic acids were O-
caffeoylquinic acids suggestive that seeds of the Egyptian M. oleifera is a great supply
of these bioactives compared to leaves as reported (Nouman et al. 2016). Major
Phenolics identified in M. oleifera seeds were crypto-chlorogenic acid (62), quercetin-
O-acetyl glucoside (44) and astraglin (7) (Figure S1) which, opposing to findings in
India and Ghana, which depicted the primary compounds like chlorogenic acid and
rutin (Amaglo et al. 2010).

Next to phenolics, Egyptian M. oleifera seeds ME showed peaks for glucosinolates
and isothiocynates eluted in the range 3.8-8.5 and 10.1 — 14.4 min, respectively. UPLC/
MS identified 9 glucosinolates noticed from their even molecular ion detected in
peaks. Glucosinolates detected in seeds hydromethanolic included desulfated gluco-
moringin (hydroxybenzyl thiocarbamic acid-4’-O-f-L-rhamnoside (1), glucsinalbin(4'-
hydroxybenzyl-glucosinolate)(2), Niazimin A (3), Niazirinin(11), Glucomoringin (12),
Niazidin (14), Niazinin A (19), Marumoside B (20), Niazimicin (22), Marumoside A (33),
Niazicin A (45), 4-hydroxybenzylisothiocyanate-O- a-L-rhamnoside (49), Niaziminin A
(53) and Niazicinin A (60). The most plentiful glucosinolate in M. oleifera is recognised
as glucomoringin (Amaglo et al. 2010). The profile of glucosinolate in seeds mostly
analogies that of those in matured leaves (Fahey et al. 2018). Whereas, niazimicin was
detected in the seed of M. oleifera as twofold its amount in leaves (Abdelsayed et al.
2021). Niazimicin has demonstrated an antimicrobial activity (Jeon et al. 2014). Our
results of LC-MS screening of M. oleifera seeds extract had identified five representa-
tive components of the methanolic extract (glucomoringin; niazimicin, niazirinin, niazi-
din and 4-Hydroxycoumarinenolate (Figure S2) which were selected for the molecular
docking study.

Moringa seed is highly nutritious as commercial leaves. Major differences were
noted for the content of polyphenols among leaves and seeds of moringa.
Kaempferol-3,7-diglucoside exhibited comparable existence in both leaves and seeds
of moringa. Whereas kaempferol-7-O-glucoside was emphasised in seed than in leaves
(Nouman et al. 2016). The flavonols profile documented in the current work as steady
with the reported by (Amaglo et al. 2010) with close variations that could be ascribed
to the diverse genetic background and the difference of the agro-climatic conditions.
Manguro and Lemmen (2007) reported galloylated and other flavonoids contrasted
with the results obtained herein.
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2.2. Profiling of moringa seed primary metabolites via GC-MS

Oil derived from Moringa seeds cultivated in Egypt using solvent extraction with n-
hexane reached 40% is comparable to that in previous reports (Abdelkarim et al.
2007). Gas chromatography-mass spectrometry (GC/MS) was used to characterise
chemicals in the fixed oil with a total of 55 compounds amounting for 96.9%. Table
(S2) represents the content of the main fatty acids (stated as percentage of total fatty
acids in the oil) relates it with records of (Nguyen et al. 2011). These results suggest
that moringa oil is a rich source of omega-9 fatty acids like that of olive oil. The unsat-
urated fatty acid presented by oleic acid as major makeup by 34.3% nearly double
concentration in comparison to the previous report (Adege et al. 2016).

2.3. Anti- Helicobacter pylori activity

Results clearly confirm M. oleifera seeds as potent growth inhibitor of H. pylori (Figure
S3A and Tables S3, S4). Results presented in Figure S3 A revealed that in general the
ME was more effective than that of MO, and suggestive that polar metabolites
extracted using methanol in ME mediate for that effect rather the nonpolar nature of
fixed oil in MO. Glucosinolates and their breakdown products, isothiocyanates, previ-
ously reported to display an inhibitory effect for urease from H. pylori (Fahey et al.
2013, Romeo et al. 2018). Consequently, it was crucial to have an insight about the
potential mechanism of the anti-Helicobacter pylori activity.

2.4. Anti-inflammatory activity

2.4.1. In vitro cyclooxygenase (COX) inhibition assay

Non-specific COX inhibitory reaction was observed for MO (IC5p=24.4 + 0.84 pg/mlL) is
nearly half that of Ibuprofen (ICso= 12.7 1.2 ug/mL) which are concurrent with the
previously reported data of Moringa leaves (Mittal et al. 2017). Percentage of COX-2
inhibition of ME and MO are represented in Table S5. Results presented (Figure S3B)
demonstrated that the MO showed significantly higher activity than ME of the seed,
and opposite to that of the anti-H. pylori assay. The abundance of omega-9 fatty acid
i.e., oleic acid in seed oil mediate for its anti-inflammatory action has yet to be deter-
mined. Moringa seed has a dual action; it exerts an anti- Helicobacter pylori and anti-
inflammatory effect. So, it could be used for protection of stomach against the inflam-
mation results from H-pylori infection.

2.5. Molecular docking study

The docking results illustrated in Figure S4 B(a-e) demonstrates that all the studied
compounds (Figure S2) were well fitted in the active pocket of the enzyme (Table S6).
Analysis of the data revealed that all the studied compounds coordinate to the Ni*"
ions, in addition to H-bonding or hydrophobic interactions to several amino acid
deposits inside the active site of the urease enzyme. Specific function groups appear
to be substantial in the coordination with Ni*" ions and binding to the essential
amino acid residues. Examples are the oxosulfonate group (-OSO3’) in glucomoringin,
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the thiocarbamate group (niazimicin and niazidin), CN group (Niazirinin), and the eno-
late group of 4-hydroxychromenenolate. The docking scores surpassing that of the
native inhibitor (AHA) by ~ 2—3 times. The values ranging from —21.2077 to
—11.6139 Kcal/mol suggesting that the binding varies as the functional group is differ-
ent. The uppermost compound is glucomoringin (lowest score value —21.2077 Kcal/
mol), it implies that this is the greatest binding inhibitor. Various natural ingredients
also show an inhibitory activity against H. pylori urease (Hassan and Zemlicka 2016).
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