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ABSTRACT
Context: Date palm waste is an agricultural waste that accumulates in massive amounts causing serious
pollution and environmental problems.
Objectives: Date palm trees, Phoenix dactylifera Linn CV ‘Zaghloul’ (Arecaceae) grown in Egypt, leave
behind waste products that were investigated to produce compounds with anti-Helicobacter pylori and
anti-inflammatory activities.
Materials and methods: Chromatographic workup of P. dactylifera aqueous methanol extract derived
from fibrous mesh and fruit bunch (without fruit) afforded a new sesquiterpene lactone derivative, pho-
dactolide A (1), along with ten known compounds (2–11), primarily identified as polyphenols. Chemical
structures were unambiguously elucidated based on mass and 1D/2D NMR spectroscopy. All isolated
compounds were assessed for their activities against H. pylori using broth micro-well dilution method and
clarithromycin as a positive control. The anti-inflammatory response of isolated compounds was evaluated
by inhibiting cyclooxygenase-2 enzyme using TMPD Assay followed by an in silico study to validate their
mechanism of action using celecoxib as a standard drug.
Results: Compounds 4, 6 and 8–10 exhibited potent anti-H. pylori activity with MIC values ranging from
0.48 to 1.95mg/mL that were comparable to or more potent than clarithromycin. For COX-2 inhibitory
assay, 4, 7 and 8 revealed promising activities with IC50 values of 1.04, 0.65 and 0.45lg/mL, respectively.
These results were verified by molecular docking studies, where 4, 7 and 8 showed the best interactions
with key amino acid residues of COX-2 active site.
Conclusion: The present study characterizes a new sesquiterpene lactone and recommends 4 and 8 for
future in vivo studies as plausible anti-ulcer remedies.
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Introduction

A tremendous amount of agro-industrial waste is being produced
worldwide annually. This is due to the enormous expansion of
agroindustrial practices as well as human civilization (Faiad et al.
2022). The number of date palm trees exceeds 120 million
throughout the world producing annually several million tons of
dates (Aydeniz-G€uneşer 2022). In Egypt, agricultural wastes are
accumulating in large quantities causing environmental draw-
backs including serious health hazards. Partial resolution of this
problem can be achieved by utilizing this waste economically to
produce valuable chemicals and pharmaceuticals (Rao and
Rathod 2019). Egypt is one of the largest date palm producers
(1.47 million tons in 2012; MT/Y) which also produce a large
amounts of agricultural waste. Date palm waste, in the Middle
East and North Africa (MENA) region, constitute about
2.8MT/Y in the form of fruitless bunch, fibrous mesh, fronds
and seeds. Thus, agro-industrial waste of date palm represent a
serious disposal problem (Jonoobi et al. 2019; Aydeniz-G€uneşer
2022; Faiad et al. 2022).

Phoenix dactylifera Linn (palm tree) is a member of
Arecaceae family, which comprises approximately 235 genera
including 4000 species, and it is one of the most cultivated palms
among the fourteen Phoenix species (Aydeniz-G€uneşer 2022).
Date palm is a rich source for fatty materials, carotenoids, poly-
phenols (such as phenolic acids, flavonoids, isoflavones and
lignans), tannins and sterols (Bentrad and Hamida-Ferhat 2020;
Suleiman et al. 2021).

Although date palm is primarily used for nutrition, many
varieties of P. dactylifera have antimicrobial, antifungal, anti-
inflammatory, anticancer, immunostimulant and hemolytic prop-
erties (Baliga et al. 2011), along with its activities as antioxidant,
for improving male and female fertility, hepatoprotective, neph-
roprotective and for tumor growth inhibition (El-Far et al. 2019).
Therefore, our research interest was directed toward date palm
agricultural waste as a probable source of bioactive metabolites
that can be later developed into phytopharmaceuticals.

The primary etiological agent of stomach cancer, peptic ulcers
and/or chronic gastritis is thought to be Helicobacter pylori,
which is prevalent worldwide (Abou Baker 2020). Several
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therapeutic protocols for H. pylori eradication have been imple-
mented over the last four decades. The most common is cla-
rithromycin-based triple therapy, which is a proton-pump
inhibitor (PPI) combined with amoxicillin and clarithromycin
(Galal et al. 2021).

Several natural products possess anti-H. pylori activities. Such
potential mechanisms include urease inhibition, DNA damage,
protein synthesis inhibition and anti-inflammatory effects along
with the anti-H. pylori effects by inhibiting bacterial enzymes
such as dihydrofolate reductase and myeloperoxidase N-acetyl-
transferase (Wang 2014; Abou Baker 2020).

Inflammation is a complex biological response to a harmful
stimulus that can range from a localized to a generalized
response and is mediated by prostaglandins (PGs) that are major
metabolites of cyclooxygenase (COX) enzyme, which exist in dif-
ferent isoforms, COX-1 and COX-2 (Bonacorsi et al. 2009).
Cyclooxygenase-2 (COX-2) is involved in the induction of gastric
cancer in H. pylori infected patients (Wong et al. 2012). H. pylori
can trigger COX-2 overexpression. Thus, the intervention with a
COX-2 inhibitor will prevent or stop H. pylori-related carcino-
genesis process (Wong et al. 2012). Therefore, the present study
is directed toward the search for new and effective H. pylori and
COX-2 inhibitors that might lead to the development of new
peptic ulcer therapeutics.

In silico molecular docking is an effective technique of drug
design that predicts the ligand’s optimal orientation with respect
to a potential therapeutic target. This method uses both time and
labor-efficiency (Roy et al. 2019). Following the conduction of
biological assays, a molecular docking study was performed using
isolated compounds in order to ascertain their binding to the
COX-2 enzyme active site and provide an explanation for their
bioactivity(ies), if any.

This study describes isolation and characterization of a new
sesquiterpene lactone along with ten known compounds from
date palm waste illustrating their potential activities and possible
roles for developing valuable phytopharmaceuticals.

Materials and methods

Plant materials

Waste parts (fibrous mesh and fruitless bunch) of P. dactylifera
L. (CV ‘Zaghloul’) were collected from around the University of
Mansoura campus, Egypt in February 2019. The plant was iden-
tified by Prof. Dr. Ibrahim Mashaly, Ecology and Botany
Department, Faculty of Sciences, Mansoura University. A speci-
men (voucher no. NSM595926) was kept at Department of
Pharmacognosy, Faculty of Pharmacy, Mansoura University. The
plant materials were shade-dried, milled to particle size 1.25lm
mesh size and kept for further investigation.

General experimental procedures

Nuclear Magnetic Resonance spectra (1H, 13C, APT, DEPT135,
1H-1H COSY, HMBC, HSQC and ROESY) were recorded on
Bruker DRX 400 NMR spectrometer (Bruker Daltonics Inc., MU,
Egypt). Deuterated NMR solvents including chloroform-d,
methanol-d4 and DMSO-d6 were used. Chemical shifts were
measured in parts per million (ppm) using TMS as an internal
standard. HRESIMS was determined using LCMS-IT-TOF
(Shimadzu, Tokyo, Japan). Column chromatography was per-
formed using silica gel G 60M (Merck, Germany) or Sephadex
LH20 (Pharmacia, USA) as stationary phases. Thin-layer

chromatography (TLC) plates pre-coated with silica gel 60 GF254
(20� 20 cm � 0.2mm thick, Merck) were used and spots were
made visible by spraying vanillin-sulfuric acid reagent.

Extraction and fractionation

Extraction and isolation of compounds from the fibrous mesh
The air-dried powdered fibrous mesh of P. dactylifera (5 kg) was
extracted by maceration using (8� 4 L) 50% hydro-methanol
solution (50:50, v/v MeOH: H2O). The solvent was evaporated
under reduced pressure and the extract was dried over anhyd-
rous CaCl2 in a desiccator. The obtained extract (205 g) was dis-
solved in 100mL 50% aq. MeOH, and successively extracted
with petroleum ether (3� 0.5 L), methylene chloride (6� 1 L),
ethyl acetate (6� 1 L) and finally water-saturated n-butanol
(3� 1 L). The solvent, in each case, was evaporated to dryness
under reduced pressure to give pet. ether fraction (2.0 g), methy-
lene chloride fraction (8.0 g), ethyl acetate fraction (6.5 g) and n-
butanol fraction (22.0 g), respectively.

The obtained crude pet. ether fraction (2.0 g) was purified
using multiple steps of silica gel column chromatography (CC:
60� 3 cm) in a gradient elution with pet. ether/CH2Cl2 and
CH2Cl2/EtOAc in different ratios of increasing polarity. Based on
TLC, similar fractions were combined. Two subfractions were
selected for further purifications using silica gel CC and a gradi-
ent elution of previously mentioned solvent systems. Subfraction
(45–52; 1.2 g) afforded 2 (4.2mg), while subfraction (69–81;
700mg) afforded 3 (80mg) and 1 (3.4mg).

The CH2Cl2 fraction (8.0 g) was chromatographed over silica
gel column (100� 3 cm), using a gradient elution of pet.
ether/EtOAc and EtOAc/MeOH where similar fractions were
combined. Subfraction (24–46; 180mg) was further fractionated
on silica gel column (32� 1.5 cm) using pet. ether/EtOAc in a
gradient elution which furnished 9 (11.0mg), while subfraction
(83–109; 120mg) yielded 6 (14.0mg) by precipitation.

The EtOAc fraction (6.5 g) was subjected to silica gel column
(65� 3 cm) eluted with CH2Cl2/MeOH mixtures of increasing
polarity. Subfraction (28–33; 40mg), was selected and purified
over Sephadex LH20 column, eluted with methanol (100%) to
afford 10 (2.0mg), while subfractions (34–43) provided 7
(3.2mg) as precipitate and purified through crystallization. The
n-butanol fraction (22.0 g) was applied to a silica gel column
(75� 4 cm) using a gradient elution of EtOAc/MeOH, to afford
one promising group of similar subfractions. Compound 11
(33.0mg) was obtained from sub-fractions (22–31; 150mg) by
crystallization using CH2Cl2/MeOH (1:1 v/v).

Extraction and isolation of compounds from the fruitless
bunch
About 10 kg of powdered air-dried fruitless bunch was similarly
treated using 50% hydro-methanol solution to yield a crude
extract (1 kg). Solvent fractionation yielding pet. ether fraction
(96.0 g), CH2Cl2 fraction (56.0 g), EtOAc fraction (35.0 g) and n-
butanol (60.0 g). CH2Cl2 fraction (56.0 g) and EtOAc fraction
(35.0 g) were separately subjected to vacuum liquid chromatog-
raphy (VLC), using silica gel stationary phase. A gradient elution
with: 100% n-hexane, n-hexane/EtOAc, EtOAc, CH2Cl2,
CH2Cl2/MeOH, and finally with 100% MeOH was used. Similar
fractions were combined based on TLC monitoring. Methylene
chloride subfraction (eluted from VLC with n-hexane/EtOAc,
50:50 v/v) was further fractionated over silica gel column imple-
menting gradient elution scheme using CH2Cl2/EtOAc.
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The obtained subfractions (20–21), yielded 5 (9.5mg) by precipi-
tation, while the subfractions (23–24), was further purified over
Sephadex LH20 column using MeOH (100%) as a mobile phase
to afford 4 (8.0mg). Similarly, EtOAc subfractions eluted from
VLC with n-hexane/EtOAc (40:60–5:95 v/v) were combined and
purified on normal phase silica gel CC using gradient elution of
CH2Cl2/EtOAc. Subfraction (26–32) was selected and chromato-
graphed over Sephadex LH20 column using MeOH (100%) to
give 10 (4.0mg), while the grouped EtOAc subfraction eluted
from VLC with CH2Cl2/MeOH (90:10–80:20 v/v) was separated
on a silica gel column with a gradient of CH2Cl2/MeOH as elu-
ent, to yield subfraction (64–72) from which 8 (10.0mg) was
precipitated.

In vitro assay against Helicobacter pylori

All isolated compounds were evaluated for their antibacterial
activity against H. pylori, using a micro-well dilution method
(Bonacorsi et al. 2009). Suspensions of H. pylori inoculum were
prepared at 106 CFU/mL. The samples and positive control (cla-
rithromycin) were dissolved in dimethyl sulfoxide (DMSO) and
applied to a 96-well plate at concentrations of 125–0.24mg.

Dose-response curves were used to calculate the sample con-
centration required to provide 90% inhibition (MIC 90). Using
an automatic ELISA microplate reader at 620 nm, the MIC was
recorded at the lowest concentration at which there was no
change in the MTT color. The MIC values were measured three
times (Bonacorsi et al. 2009; Galal et al. 2021).

Evaluation of in vitro anti-inflammatory activity against
cyclooxygenase-2 enzyme (COX-2)

All isolated compounds were prepared at 125 to 0.98mg/mL ser-
ial dilutions to assess their anti-inflammatory potential against
the COX-2 enzyme. The results of oxidation reaction of
N,N,N,N-tetramethyl-p-phenylenediamine (TMPD) with arachi-
donic acid were used for the COX (EC1.14.99.1) activity evalu-
ation. This assay was performed as previously reported in the
literature with slight modifications (Petrovic and Murray 2010;
Amessis-Ouchemoukh et al. 2014). The enzyme activity inhib-
ition was monitored by the increase in absorbance at 611 nm
using a microplate reader (BIOTEK; USA). The percentage of
inhibition was calculated using the equation: Inhibitory activity
(%) ¼ (1 � As/Ac) �100, where As is the absorbance of test
compound and Ac is the absorbance of control. The efficacy of
the isolates and celecoxib (reference compound) to inhibit COX-
2 isoenzyme were measured in terms of IC50 (the concentration
causing 50% enzyme inhibition).

Molecular simulation studies

The molecular simulation studies including docking simulation
and three dimensional-surface mapping were used to predict the
binding interactions between the tested compounds (1–11) and
the cyclooxygenase-2 enzyme (COX-2) active site amino acids
residues and comparing their results to celecoxib (reference
COX-2 inhibitor).

Ligand and protein preparation

Isolated compound structures, in their neutral forms, were pre-
pared in their most stable conformers for docking into the COX-

2 active site. Energy minimization was done using the MMFF94
technique with root mean square (RMS) gradient of
0.01 kcal/mol Å. The tested compounds (1–11) were docked into
the active site of human cyclooxygenase-2 (COX-2) (ID: 5IKQ)
(Orlando and Malkowski 2016). Targets were prepared for dock-
ing by adding the hydrogen atoms, followed by automatic struc-
ture corrections and target potential fixation. The active site was
determined as the region of target enzyme within 10Å from the
ligand (Qandeel et al. 2020).

Results

Characterization of isolated compounds

About 205 g of hydro-methanolic (50%) extract obtained from
extraction of 5 kg of P. dactylifera fibrous mesh. The extract was
subjected to organic solvents fractionation and purification to
give compounds 1–3, 6, 7 and 9–11 in substantial amounts. The
fruitless bunch produced compounds 4, 5, 8 and 10. All isolated
compounds were purified using different chromatographic proce-
dures and were subjected to MS, 1D and 2D NMR spectroscopic
analyses. Chemical identities of isolated compounds were unam-
biguously determined based on spectroscopic analyses and on
the comparison with the reported data.

A new sesquiterpene lactone derivative (1) was isolated from
date palm tree waste along with ten known compounds (Figure
1), namely, pimaric acid (2) (Dang et al. 2005), vaginatin (3)
(Yang et al. 2008), syringaresinol (4) (Malee 2011), chrysoeriol
(5) (Bashyal et al. 2019), apigenin (6) (Alwahsh et al. 2015),
luteolin (7) (Park et al. 2011), diosmetin-7-O-b-D-glucopyrano-
side (8) (Lee et al. 2012), methylparaben (9) (Yoshioka et al.
2004), p-hydroxybenzoic acid (10) (Yoshioka et al. 2004) and
methyl b-D-xylopyranoside (11) (McEwan et al. 1982).

Structure elucidation of compound 1

Compound 1 was isolated from the petroleum ether fraction of
the fibrous mesh as a colorless amorphous powder. Its molecular
formula was determined to be C23H30O7 based on HRESIMS
that exhibited a pseudomolecular ion peak at m/z 419.2063
[MþH]þ (calcd for C23H31O7, 419.2070) indicating nine degrees

Figure 1. Chemical structures of 1–11.
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of unsaturation. The 13C NMR and HMQC spectra indicated the
presence of 23 different carbon peaks that can be distinguished
into four carbonyl carbons (dc 218.0, 178.7, 170.2, 168.4), four
olefinic carbons (dc 137.7, 133.6, 128.0, 119.4), one quaternary
aliphatic carbon (dc 39.1), three oxygenated tertiary carbons (dc
78.5, 76.2, 71.5), three methine carbons (dc 41.3, 37.6, 36.1), two
methylene carbons (dc 29.5, 26.2) and six methyl carbons (dc
22.2, 22.0, 21.7, 20.6, 15.9, 10.4). The existence of four carbonyl
carbons and four olefinic carbons gives clue for six of the nine
degrees of unsaturation deduced from its molecular formula.
Hence, compound 1 was expected to comprise a tricyclic moiety.
1H NMR and HSQC spectral data (Table 1) displayed resonances
and key correlations of an angeloyl moiety, namely, dH 6.02 (1H,
qd, J¼ 7.2, 1.5Hz), dH 1.93 (3H, dd, J¼ 7.20, 1.5Hz) and dH
1.83 (3H, t, J¼ 1.5Hz) that were directly correlated to dc 137.7,
dc 15.9 and dc 20.6 ppm, respectively (Xue et al. 2021). In add-
ition, both methyl groups of the angeloyl moiety showed similar
long-range (J3) correlations in HMBC spectrum to the same
three carbon resonances at dc 168.4, dc 128.0 and dc 137.7 ppm
ascribed to C-100, C-200 and C-300, respectively. In addition, the
presence of an acetyl moiety was proved via the singlet methyl
resonance at dH 1.96/dc 21.7 ppm that showed a long-range cor-
relation in HMBC spectrum to a carbonyl carbon (dc 170.2, C-
10). The 1H-1H COSY spectrum revealed the existence of four
different spin systems including three short systems along with
an extended branched one as illustrated with the bold red lines
in Figure 2. By comparing the obtained spectral data of 1 with
the reported literature, it was found to be consistent with a tri-
cyclic sesquiterpene lactone derivative featuring a rare 5/8/3 skel-
eton (Rustaiyan et al. 1989; Tian et al. 2013). This was
undoubtedly evidenced by checking HMBC spectrum that
revealed clear long-range correlations from a singlet methyl pro-
ton resonance at dH 1.07 to three carbon resonances at dC 41.3
(C-1), dC 71.5 (C-2) and dC 76.2 (C-6) ppm to indicate the pos-
ition of the singlet methyl group to be at C-5 as in pseudoguaia-
nolide-type sesquiterpene lactone derivatives (Wu, Li, et al. 2012;
Wu, Su, et al. 2012; Zhang et al. 2018; Xue et al. 2021). The
existence of the rare eight-membered ring (B) in the tricyclic
structure of 1 was proved by the presence of an additional

methylene group at dHa 1.83/dH 1.65 ppm, directly correlated
through HSQC spectrum to a methylene carbon at dC 26.2 ppm.
This methylene group was positioned at C-7 by 1H-1H COSY
spectrum and located in between the two methine protons at dH
5.00/dc 76.2 and dH 2.68/dc 36.1 ppm assigned to C-6 and C-8,
respectively, revealing its inclusion into the extended spin system
of Ring B. To unambiguously determine the positions of acetyl
and angeloyl moieties in 1, HMBC spectrum was useful where it
revealed clear long-range correlations from two methine protons
at dH 4.79 (H-2) and dH 5.00 (H-6) ppm to two carboxyl carbons
at dc 170.2 and dc 168.4 pm assigned for C-10 and C-100 from ace-
tyl and angeloyl moieties, respectively. Based on the obtained
results, compound 1 was identified as a new tricyclic sesquiter-
pene lactone congener with a rare eight-membered ring as ring
B. Compound 1 was trivially named as photodactolide A.

Table 1. 1H NMR (400MHz) and 13C NMR (100MHz) data of 1 in chloroform-d.

Position dC dH (J in Hz)

1 41.3, CH 2.94 m
2 71.5, CH 4.79 m
3 29.5, CH2 Ha: 2.27 m

Hb: 2.07 m
4 218.0, C
5 39.1, C
6 76.2, CH 5.00 dd (J¼ 11.4, 6.2)
7 26.2, CH2 Ha: 1.83 m

Hb: 1.65 m
8 36.1, CH 2.68 m
9 78.5, CH 4.59 dd (J¼ 9.4, 6.2)
10 119.4, CH 5.32 br s
11 133.6, C
12 37.6, CH 2.93 m
13 178.7, C
14 10.4, CH3 1.20 d (J¼ 7.2)
15 22.0, CH3 1.88 m
16 22.2, CH3 1.07 s
10 170.2, C
20 21.7, CH3 1.96 s
100 168.4, C
200 128.0, C
300 137.7, CH 6.02 qd (J¼ 7.2, 1.5)
400 15.9, CH3 1.93 dd (J¼ 7.2, 1.5)
500 20.6, CH3 1.83 t (J¼ 1.5)

Figure 2. Key 1H-1H COSY, HMBC and ROESY correlations of 1.

Table 2. MIC of the isolated compounds against H. pylori.

Compound
Mean of H. pylori inhibitory %

MIC (mg/ml)

1 NA
2 31.25
3 NA
4 0.98
5 3.9
6 1.95
7 3.9
8 0.98
9 1.95
10 0.48
11 >125
Clarithromycina 1.95

MIC: minimum inhibitory concentration; NA: no activity. aThe
standard used Clarithromycin.

Table 3. IC50 values of COX-2 enzyme inhibition by the isolated
compounds.

Compound IC50 ± SD (mg/ml)

1 NA
2 5.6 ± 0.14
3 NA
4 1.04 ± 0.63
5 6.6 ± 0.74
6 3.2 ± 1.4
7 0.65 ± 0.33
8 0.45 ± 0.85
9 14.9 ± 0.63
10 2.7 ± 1.3
11 5.9 ± 1.2
Celecoxiba 0.28 ± 0.41

IC50: the concentration causing 50% enzyme inhibition; NA: no
activity. aThe standard used Celecoxib.
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The relative configuration of 1 was determined based on
ROESY spectrum (Figure 2) that revealed clear correlations
between H-2, H-6, H-9/CH3-16 indicating that H-2, H-6, H-9
and CH3-16 are all facing the same side of the molecule and fea-
turing b-configuration. While the a-configuration of the protons
at C-1, C-8 and C-14 was proved by the ROESY correlations
between H-1 and CH3-14/H-8. Attempts were carried out to
determine the absolute configuration using electronic circular
dichroism (ECD) measurements but were unsuccessful. The

reason was that after NMR measurements, the spectrum indi-
cated decomposition of the compound either during storage or
because of using deuterated chloroform for NMR analysis.

In vitro assay against Helicobacter pylori

All isolated compounds were evaluated for their antibacterial
activity against H. pylori and the results are shown in (Table 2).

Figure 3. 2D binding mode and residues involved in the recognition of (a) celecoxib, the most potent compounds (b) 4, (c) 7, and (d) 8 docked and minimized in
the COX-2 binding pocket.
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Several compounds revealed potential anti-H. pylori activities
including 10 which showed a potent activity (MIC ¼
0.48 mg/mL). However, compounds 4, 6, 8 and 9 exhibited MICs
ranging between 0.98 and 1.95mg/mL that is equal or even more
potent compared to the standard drug clarithromycin (MIC ¼
1.95 mg/mL). Amongst the other tested compounds, moderate to
low inhibitory activities were noticed for 2, 5, 7 and 11 while 1
and 3 were not active against H. pylori.

Evaluation of in vitro anti-inflammatory activity against
cyclooxygenase-2 (COX-2) enzyme

The samples were tested in order to investigate the anti-inflam-
matory response by inhibiting COX-2 enzyme. The obtained
results (Table 3) illustrated the anti-inflammatory activities of
isolated compounds (1–11) compared to celecoxib as a reference
drug (IC50 value ¼ 0.28 ± 0.41lg/mL). Among the tested
compounds, diosmetin-7-O-b-D-glucopyranoside (8) was the
most active with an IC50 value of 0.45 ± 0.85 lg/mL, followed
by luteolin (7) (0.65 ± 0.33 lg/mL) then syringaresinol (4)
(1.04 ± 0.63lg/mL).

Molecular docking simulation

Docking results of compounds (1–11) to COX-2 enzyme active
site, using celecoxib as a standard drug, showed the types of
binding interactions and binding scores of these compounds
(Figure 3 and Table 4). Celecoxib (binding score¼�14.7 kcal/-
mol) bound to COX-2 active site via two hydrogen bonds with
Arg120 and Tyr355 by its sulfonamide moiety. In addition, it
bound to COX-2 via two arene-cation interactions with Arg120

and Lys83 by its two-phenyl moieties and through strong hydro-
phobic interaction with Tyr115, Ser119, Pro84 and Val89.

Compounds 4, 7 and 8 (IC50 values of 1.04, 0.65 and
0.45 lM, respectively) showed the best docking results.
Compounds 4, 7 and 8 shared with celecoxib in common its
binding with Arg120, Lys83 and Ser119 amino acid residues.

Both compounds 4 and 7 (binding score¼�17.7 and
-14.2 kcal/mol) bound to Lys83 via two hydrogen bonds; 4 by its
ether and phenolic hydroxyl groups, while 7 by its catechol
hydroxyl groups. They also bound with Arg120; 4 bound via
hydrogen bond (H-bond) by its phenyl methoxy group, while 7
via arene-cation interaction by its 5,7-dihydroxy-4H-chromen-4-
one aromatic system. Compound 4 also bound to Ser119 via
hydrogen bond by tetrahydrofuran ring.

Compound 8 (binding score¼�15.5 kcal/mol) bound to
Tyr355, Glu524 and Met471 via four hydrogen bonds; two H-
bonds with Met471 by its 7-O-glycoside and H-bond with
Glu524 by its 30-hydroxy substituent and the last one with
Tyr355 by its 40-methoxy substituent. Compound 8 also bound
to Arg120 via arene-cation interaction by its 2-(3-hydroxy-4-
methoxyphenyl) moiety.

The other predicted binding interactions of the tested com-
pounds with COX-2 enzyme active site were tabulated in supple-
mentary materials.

Three-dimensional aligned conformations

The 3D binding pocket surface mapping showed that the most
potent anti-inflammatory compounds 4, 7 and 8 occupied and
filled the whole space of binding pockets on COX-2 active site in
a comparable way to that of celecoxib (Table 5).

Table 4. The COX-2 enzyme inhibition (IC50 lM), docking scoresa and type of binding interactions of the tested isolated compounds and the reference compound
(celecoxib).

Compound
COX-2 inhibition

(IC50 lM)
Binding energy (Kcal/mol)

(docking score) Type of binding interactions

Celecoxib 0.28 ± 0.41 �14.7 � H-bonds with Arg120 and Tyr355
� Arene-cation interaction with Arg120 and Lys83
� Strong hydrophobic interaction with Tyr115, Ser119, Pro84 and

Val89
Photodactolide A (1) NA �11.1 � Hydrophobic interaction with Lys83 and Ser119
Pimaric acid (2) 5.6 ± 0.14 �12.4 � H-bonds with Ser119

� Strong hydrophobic interaction with Arg120 and Lys83
Vaginatin (3) NA �11.0 � Hydrophobic interaction with Lys83 and Met471
Syringaresinol (4) 1.04 ± 0.63 �17.7 � Two H-bonds with Lys83

� H-bonds with Ser119 and Arg120
� Strong hydrophobic interaction with Tyr115, Met471 and Val89

Chrysoeriol (5) 6.6 ± 0.74 �7.9 � Strong hydrophobic interaction with Lys83 and Lys473
Apigenin (6) 3.2 ± 1.4 �7.8 � Strong hydrophobic interaction with Met471, Lys83, Thr85 and

Lys473
Luteolin (7) 0.65 ± 0.33 �14.2 � Two H-bonds with Lys83

� Arene-cation interaction with Arg120
� Strong hydrophobic interaction with Ser119 and Val89

Diosmetin-7-O-b-D-glucopyranoside (8) 0.45 ± 0.85 �15.5 � H-bonds with Tyr355 and Glu524
� Two H-bonds with Met471
� Arene-cation interaction with Arg120
� Strong hydrophobic interaction with Lys83, Ser119, Pro86, Leu80

and Lys473
Methylparaben (9) 14.9 ± 0.63 �6.2 � Hydrophobic interaction with Ser119 and Arg120
p-Hydroxybenzoic acid (10) 2.7 ± 1.3 �8.5 � H-bonds with Ser119 and Glu524

� Arene-cation interaction with Arg120
� Strong hydrophobic interaction with Val89

Methyl b-D-xylopyranoside (11) 5.9 ± 1.2 �7.7 � Strong hydrophobic interaction with Lys83 and Ser119

� Celecoxib was used as reference compound. � All data are presented as mean value ± SD for three independent experiments. � NA: no activity.
aDocking was performed following the reported procedure (Qandeel et al. 2020) towards the active site of cyclooxygenase-2 (COX-2) enzyme (PDB code ID: 5IKQ).
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Table 5. Three-dimension interactions and surface maps within the COX-2 binding pocket for the standard drug celecoxib and the most potent compounds 4, 7
and 8.

Isolated comp. 3D interactions 3D surface map

Celecoxib

Syringaresinol (4)

Luteolin (7)

Diosmetin-7-O-b-D-
glucopyranoside (8)
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Discussion

The petroleum ether fraction of P. dactylifera L. CV ‘Zaghloul’
fibrous mesh presented photodactolide A (1) as a new tricyclic
sesquiterpene lactone derivative with a rare eight-membered
ring. The structure was elucidated based on extensive 1D and 2D
NMR spectra. To the best of our knowledge, it is the first report
of compounds (2–11) from agricultural waste of date palm.
Moreover, compounds (2–4, 8 and 11) were isolated for the first
time from the genus Phoenix.

The World Health Organization (WHO) has designated
Helicobacter pylori, a virulent Gram-negative pathogen, as a
Class I carcinogen for gastric cancer (Kouitcheu Mabeku et al.
2017). Currently, the infection is widespread worldwide, with a
higher prevalence in developing regions (Zhao et al. 2022). Since
gastritis is the most common symptom of H. pylori infection,
many studies have focused on how the gastric inflammatory
response works and how to control the disease (Masadeh et al.
2014). In order to develop a natural, affordable, and effective
medication, the current study evaluated the anti-H. pylori and
anti-inflammatory potential against COX-2 enzyme of all isolated
compounds. Intriguingly, in the in vitro assays, syringaresinol
(4), luteolin (7) and diosmetin-7-O-b-D-glucopyranoside (8) iso-
lated from waste parts of P. dactylifera L. (CV ‘Zaghloul’) exhib-
ited strong inhibitory activities against both H. pylori and
cyclooxygenase (COX-2) enzyme. These results are consistent
with those of earlier research reporting the anti-H. pylori activity
of the lignan derivative syringaresinol (Miyazawa et al. 2006). In
addition, flavonoid aglycones and glycosides such as luteolin and
diosmetin-7-O-b-D-glucopyranoside are well-known for their
antioxidant, anti-inflammatory and anti-H. pylori properties
(Radziejewska et al. 2020; Jafar et al. 2021; Garg et al. 2022).
This article demonstrated how research on date palm agricultural
waste produced valuable phytoconstituents with potential activ-
ities that can be taken as a cornerstone for further research to
develop phytopharmaceuticals.

Structure-activity relationship (SAR)

Isolated compounds (1–11) were investigated in vitro and in sil-
ico for their COX-2 enzyme inhibition. Molecular docking stud-
ies showed that compounds (4, 7 and 8) have the best binding
interactions with Arg120, Lys83 and Ser119, the key amino acid
residues at COX-2 active site, by their bulky polar structure.
Based on the obtained results, the following SARs could be
concluded:

Among the polyphenolic derivatives, compounds, diosmetin-
7-O-b-D-glucopyranoside (8) showed the best COX-2 inhibition
potency. This strong potency could be attributed to the 7-O-glu-
coside moiety that bound to the active site key amino acids via
two hydrogen bonds and other strong hydrophobic interactions.
These results may also indicate that the free 30-hydroxy substitu-
ent is better than 30-methoxy substituent and 30-unsubstituted
derivatives. These may be proved by comparing the docking
scores of luteolin (7) with 30-hydroxy substituent and diosmetin-
7-O-b-D-glucopyranoside (8) featuring also 30-hydroxy substitu-
ent, the most potent COX-2 inhibitors, found to bind to the
active site key amino acids via strong hydrogen bonding interac-
tions compared to the low potency of chrysoeriol (5) that has 30-
methoxy or apigenin (6) that has no substituent at 30 position.

For lignan derivatives syringaresinol (4), the 4,40 tetrahydro-
1H,3H-furo[3,4-c]furan fused ring system showed no significant
advantage over that of 5,7-dihydroxy-2-phenyl-4H-chromen-4-

one in compounds (5–8). Generally, bulky polar derivatives
showed better binding interactions with the COX-2 active site
key amino acids and better COX-2 inhibition activity.

Conclusion

This study displayed that date palm wastes could be exploited
for the production of valuable phytoconstituents with variable
anti-H. pylori activities. Eleven compounds were isolated from
date palm wastes including one designated as a new natural
product along with other terpenoidal metabolites, lignan and
polyphenolic derivatives. All isolated compounds were evaluated
for their antibacterial activity against H. pylori and anti-inflam-
matory activity against COX-2 enzyme. Compounds 4, 8 and 10
showed promising activity against H. pylori compared to the ref-
erence drug. In addition, compounds 4, 7 and 8 were very
potent COX-2 enzyme inhibitors. In silico model supports that
the most effective anti-inflammatory compounds (4, 7 and 8)
occupied and filled the entire space of binding pockets on COX-
2 active site in a manner similar to that of celecoxib. Therefore,
the present study features syringaresinol (4) and diosmetin-7-O-
b-D-glucopyranoside (8) as new and effective H. pylori and
COX-2 inhibitors that could be candidates for future in vivo
research projects aiming at lead development for new peptic
ulcer therapeutics.

NMR and MS spectra of all isolated compounds (1–11), as
well as growth inhibition curves and 2D molecular docking pic-
tures are available online.
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