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Abstract

This study focuses on the plant Suaeda fruticosa Forssk. Ex J.F.Gmel,
(Chenopodiaceae family), which is a halophyte species growing in salt lakes or
Sebkha and belonging to the Saharan flora of Algeria. The GC/MS method was
used to screen phytoconstituents of petroleum ether (PESF) extract from S.
fruticosa aerial parts. An in silico molecular docking was conducted through two
identified compounds of PESF extract. The GC/MS analysis permitted the
identification of 32 compounds from which 1-octacosanol (37.23%), triacontanol
(15.53%), followed by their relative aldehydes octacosanal (8.86%), triacontanal
(7.49 %). DFT calculations and molecular docking simulations were conducted on
the two selected compounds, Octacosanal and f-sitosterol, against the
Acetylcholinesterase (AChE) enzyme (PDB ID: 6TTO) to compare their chemical
reactivity, assess their structural properties, and evaluate their potential as anti-
Alzheimer's agents. Our obtained finding demonstrated very high binding
affinities with the enzyme, with values of -13.15 kcal/mol for Octacosanal and -
10.26 kcal/mol for B-sitosterol.

Keywords: Suaeda fruticosa; GC/MS; Phytoconstituents; Anti-Alzheimer; DFT;
Molecular docking; Octacosanal.
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Introduction

Halophytes are interesting and particular plants that can grow and survive in high salinity
conditions, they have developed unique physiological, biochemical and morphological
mechanisms to tolerate and adapt to salt stress, including synthesizing bioactive secondary
metabolites [1]. Halophytes are considered vegetables due to their organoleptic properties and salty
taste, and medicinal plants due to the presence of bioactive compounds [2]. Natural products
represent important reservoirs for both synthetic and traditional herbal medicines. Alzheimer's
disease constitutes a domain in which natural products have not been fully utilized to their potential.
Several researchers are carrying out preclinical trials using isolated bioactive compounds, and
Ginkgo biloba (a plant extract) on Alzheimer's disease [3].

Numerous species of the Suaeda genus (Chenopodiaceae family), can be considered as substitute
sources of high-quality edible oil in the region around the Mediterranean and Europe [4]. It is also
frequently utilized as animal feed or green food in the regions where it grows [5].

Suaeda fruticosa (L.) Forsk. var. longifolia (Koch) Fenzl., called "Souida" in Arabic, "Soude
buissonnante" in French, and "Sea-Blite" in English, is a halophyte plant that thrives in saline
environments (Sebkha) in the Algerian Sahara [6]. It plays a crucial role in saline ecosystems and
helps in stabilizing soil and preventing erosion [7]. The plant's ability to thrive in high salinity
conditions makes it an excellent candidate for the restoration of salt-affected landscapes [8]. This
species has been traditionally used for its medicinal properties [9-11].

According to the literature review conducted on the species Suaeda fruticosa, numerous studies
have examined the chemical composition and diverse biological activities of polar extracts [9, 12-
15]. For these reasons, and in continuation of our studies on Algerian species [16-22], this work
aimed to investigate the chemical composition of lipophic fraction, Petroleum ether extract using
GC/MS analysis, in addition, DFT calculations and molecular docking simulations were performed
to analyze and compare the chemical reactivity of the two selected compounds and identify their
binding affinity against the Acetylcholinesterase (AChE) enzyme (PDB ID: 6TTO). These analyses
were conducted to assess the compounds structural properties and their potential as anti-
Alzheimer's agents, evaluating their biological significance.

2. Material and Methods
2.1. Plant Material

Aerial parts of Suaeda fruticosa were collected from Ouargla region on Marsh 2021 and
authentified by Dr. Bouchra Harsa (University of Annaba, Algeria). A voucher specimen was
deposited in the herbarium of the VARENBIOMOL unit research of Mentouri brothers University
of Constantine 1, Algeria; under the reference number CSF 3/21.

2.2. Extracts preparation

The aerial parts of S. fruticosa were dried at room temperature, then grounded into powder and
subjected to a sequential extraction using solvents with increasing polarities. A quantity of 600
grams of powder was initially macerated in petroleum ether at room temperature for 45 minutes
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three times. The resulting filtrates were then removed and the remaining powder was sequentially
extracted with chloroform for 45 minutes three times then filtered. Each filtrate was concentrated
at 30°C using a rotary evaporator and stored at 4° C until future use. Two different extracts were
obtained: Petroleum ether extract (1g of PE), and chloroform extract (2.5g of CH). Both extracts
were stored at 4° C until future use.

2.3. Silylation process

A quantity of 5.0 mg of PESF obtained from the aerial parts of S. fruticosa was accurately weighed
into a 1 mL vial, then 15 pL of TMS (trimethylsilyl), 70 uL of pyridine, 65 uL of BSTFA (N,O-
bis (triméthylsilyl) trifluoroacétamide), and 300 pL of eicosane used as internal standard (IS), were
added. Subsequently, the vial was tightly capped and heated at 70°C for20 minutes, and 0.5 puL of
the mixture was injected into the GC-MS apparatus.

2.4.GC-MS characterization of PE extract

The lipophilic composition of PE extract was analyzed on a Shimadzu Gas Chromatograph QP2010
Ultra coupled to the selective mass detector (Agilent 5975) equipped with an Autosampler AOC-
20i. Separation was carried out using a capillary column DB-5 J & W capillary column (30 m x
0.25 mm inner diameter, 0.25 pm film thicknesses). At a flow rate of 35 cm/s, Helium was used as
a gas. The identification of the compounds was performed from the interpretation of the
fragmentation patterns and the comparison of the mass spectra obtained with data from the Wiley
and NIST libraries and data previously reported in the literature.

2.5. DFT Calculations and Molecular docking

Initially, the geometries of the selected molecules were optimized using the ORCA program
package at the B3LYP-D3/def2-TZVPP level of theory [23]. The chemical reactivity Descriptors
of the two selected compounds, Octacosanal and B-sitosterol, were then calculated and compared
with values reported in the literature [24-28]. Next, molecular docking studies were performed with
the Auto Gridand AutoDock executable programs available in MGLtools (AutoDock Tools) [29].
Finally, the 3D crystal structure of the AChE enzyme (PDB ID: 6TTO0) was retrieved from the
Protein Data Bank (https://www.rcsb.org/structure/6TTO) [30].

For receptor preparation, all ligands (N9T and NAG), ions, and water molecules were removed.
Non-polar hydrogens were then merged, and Kollman partial charges were added. Docking studies
were carried out using the Lamarckian genetic algorithm (LGA). A 3D grid with dimensions of
80x80x80 points and a spacing of 0.375 A was used. Among all docked poses, only the best one
(i.e., the pose with the lowest binding energy) was selected, provided that its root-mean-square
deviation (RMSD) was less than 1 A. An exception was made for Octacosanal, where the RMSD
exceeded 3 A due to the molecule's elongated structure, making a smaller RMSD practically
impossible. The best protein—ligand poses were visualized using Chimera (version 1.10.2) [31] and
Discovery Studio Visualizer BIOVIA (version 20.1) [32].
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3. Results and Discussion
3.1. GC/MS analysis

After a silylation reaction performed on Smg of the PE extract of the aerial parts of S. fruticosa
collected from the Ouargla region, Algeria, the GC-MS analysis permitted the identification of 32
compounds, representing 96.27 % of the total peaks, by comparing their mass spectra with NIST
and Wiley libraries mass spectra. The identified compounds with their retention time and
percentage area are summarized in Table 1.

The main constituents are long-chain fatty alcohols with an important percentage such as 1-
octacosanol (37.23%), triacontanol (15.53%), followed by their relative aldehydes octacosanal
(8.86%), triacontanal (7.49 %), moreover a group of 5 long-chain alkanes represents 4.55%, a
group of 9 fatty acids represents 7.06%, and 15.55% of the rest of components.
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Table 1. Components of the petroleum ether extract from S. fruticosa

Peak number  RT Area%  Formula name

1 6.596 0.15 CsHi003 3-hydroxyisovaleric acid

2 9.748 0.21 CioHsN; 2,2-bipyridine

3 10.613  0.05 CiiHi602 2(4H)-benzofuranone,5,6,7,7a-tetrahydro-4,4, 7a-trimethyl- (R)-
4 13.241  0.11 CioH330S1  1-(t-butyldimethylsilyl)-4-(2,2-dimethyl-6-methylene-cyclohexyl)-butan-

1-ol

5 13.877  0.18 CisH360 2-Pentadecanone,6,10,14-trimethyl
6 15948 939 CaoHy Eicosane

7 16491  0.69 CisH30 Palmitic acid

8 18.727  0.09 CisH320; Linoleic acid

9 18.812  0.16 CisH340, Oleic acid

10 19.176  0.18 CisH360: Stearic acid

11 20.793  0.69 CisH3sNO 9-octadecenamide,(z)-

12 21.82 0.07 C20H4002 Arachidic acid

13 22,692 0.07 Ci9Hao Nonadecane

14 24728  0.14 CHuOs Behenic acid

15 25.745  0.57 CoiHys Heneicosane

16 28.059  0.77 CaysHs20 Hexacosanal

17 29.148 1.44 CasHss Octacosane

18 29.152 217 CaoHeo n-nonacosane

19 29878  1.17 Ca5Hs002 Pentacosanoic acid
20 31717 8.86 CasHs602 Octacosanal
21 32.731 0.3 CosHs2 2-methyl tetracosane
22 33.547 3723 CasHss0 1-octacosanol
23 35.186  1.88 CasHs60: octacosanoate
24 3545 7.49 C30HeoO Triacontanal
25 36.647  0.73 Ca9Hs00 beta-sitosterol
26 36.868 037 CyHs0 stigmastanol
27 37.153  15.53 C30He2O Triacontanol
28 38.825  2.68 C30Hs00: triacontanoate
29 39.158 098 CsHesO dotriacontanal
30 39.598 046 Cs7H10406 9-octadecenoic acid 1,2,3-propanetriyl ester
31 39706 0.66 C39oH720s Di-(9-octadecenoyl)-Glycerol
32 41.015 0.8 CssH70S1 silane,(dotriacontyloxy)trimethyl

In previous studies, it was mentioned that lipid extract of some halophytes species contains fatty
alcohols as main components [33-34], and the length of their chains vary from species to another.
However, the amount of the bioactive compound octacosanol (37.26%) [35] seems important
especially that we have again 8.86% of the octacosanal which could be an intermediate in
octacosanol biosynthesis [36].

Octacosanol which is the main constituent in Suaeda fruticosa petroleum ether extract exhibits
multiple biological activities. It can inhibit TNF-a production and reduces leukocyte influx in
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inflammatory models, reduces hepatic lipid accumulation, suppresses MAPK/NF-kB signaling
pathways, and lowering inflammation in liver tissues [37-38]. Besides, Octacosanol enhances
gluthatione levels, scavenging reactive oxygen species and mitigating oxidative stress [39]. Finally,
a recent study on hexane extract of the same species has shown that it is an anti-cancer agent [40].

3.2. DFT calculations

It has been reported in the literature that the stability of a molecule is associated with the energy
gap (AE,,) between the HOMO and LUMO, where a larger gap indicates higher stability, while a
smaller gap corresponds to increased reactivity [41-42].

The energy gap results, presented in Table 2, show that Octacosanal has the lowest energy gap and
the highest softness (i.e., the lowest hardness), suggesting greater chemical reactivity compared to
B-sitosterol. However, both molecules exhibit comparable values of total energy (Octacosanal: -
1163.378 Eh, B-sitosterol: -1210.044 Eh) and dipole moments (Octacosanal: 1.515 Debye, -
sitosterol: 1.567 Debye).

Table 2 The calculated quantum chemical descriptors® of the two selected compounds.

Octacosanal B-sitosterol

Enomo -5.351 -6.355
EvLumo -1.913 0.422
AEga, 3.438 6.777
n (Debye) 1.515 1.567
Total Energy (Eh) -1163.378 -1210.044
X 3.632 2.966
n 1.719 3.388
c 0.582 0.295
® 3.837 1.298

@: Egomo: Energies of highest occupied molecular orbital, Epumo: Energies of lowest unoccupied molecular
orbital, AEgp: Energy gap. p: Dipole moment, y: Electronegativity, n: Global hardness, 6: Global softness,
and ®: Global electrophilicity.

Frontier molecular orbitals (FMOs), specifically the highest occupied molecular orbital (HOMO)
and the lowest unoccupied molecular orbital (LUMO), are commonly used in reactivity studies to
identify and analyze the most reactive sites, serving as reactive centers for both electrophilic and
nucleophilic attacks [41-42].

The optimized molecular structures of Octacosanal and B-sitosterol, along with their FMO density
distributions (HOMO and LUMO), are presented in Fig. 1.
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Fig. 1. Optimized structures and the frontier molecular orbitals (HOMO and LUMO)
of Octacosanal and [-sitosterol molecules.

The analysis of the FMO density distributions (see Fig. 1) reveals that, in the case of the
Octacosanal molecule, the HOMO and LUMO orbitals are predominantly localized in the
middle of the chain at the twenty-eighth carbon, due to the resonance of the -C=C-C=C-
system. On the other hand, for the B-sitosterol molecule, the HOMO and LUMO densities
are concentrated on the hydroxyl group and the two rings at the end of the phenanthrene
framework. This indicates that the most reactive centers of the selected compounds can
preferentially interact with other chemical species by donating and/or accepting electrons.

3.3. Molecular docking

Table 3 presents the docking analysis findings, detailing key interaction parameters between
the selected molecules (Octacosanal and B-sitosterol) and the binding sites of the AChE
enzyme (PDB ID: 6TTO0). The reported values include predicted free binding energy (BE),
estimated inhibition constant (KiC), total intermolecular energy (TIE), final total internal
energy (FIE), and electrostatic energy (EE), corresponding to the most favorable docking
poses.

According to the docking results (Table 3), Octacosanal and B-sitosterol exhibit strong binding
affinities toward the 6TTO target, with binding free energies of -13.15 kcal / mol and -10.26
kcal/mol, respectively. This difference is also evident in the inhibition constants (Ki), with
Octacosanal exhibiting a value of 229.93 pM, suggesting stronger inhibitory potential than [3-
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sitosterol, which has a Ki of 30.37 nM. It is worth highlighting that Octacosanal and -sitosterol
demonstrate stronger binding affinities compared to the reference ligand N9T ((1R, 3S)-3-
(benzylamino)-N-(6,7-dimethoxy-2-oxochromen-3-yl)cyclohexanelcarboxamide), which binds
to the 6TTO receptor with a free energy of -11.22 kcal/mol.

The contributions of van Der Waals interactions, hydrogen bonds, and desolvation are slightly more
favorable for Octacosanal (-15.25 kcal/mol) than for B-sitosterol (-14.94 kcal/mol).

Table 3. Calculated parameters (a—h) for the candidate ligands Octacosanal and B-sitosterol at the
Acetylcholinesterase (AChE) enzyme (PDB ID: 6TTO).

Octacosanal p-sitosterol
BE ® -13.15 -10.26
KiC ® 229.93 pM 30.37 nM
FIE © -15.24 -15.03
WHD @ -15.25 -14.94
EE © +0.01 -0.09
TIE ® -0.82 -2.09
Torsional Free Energy © +2.09 +4.77
RMSD ® 0.857 3.422

* BE: Free Energy of Binding (kcal/Mol).
PKiC; Estimated Inhibition Constant, Ki. (pM: picomolar & nM: nanoMolar);
¢ FIE : Final Intermolecular Energy;
YWHD: vdW + Hbond + desolv Energy ;
¢ EE: Electrostatic Energy (kcal/Mol)
PFTIE: Final Total Internal Energy;
¢ TFE: Torsional Free Energy (kcal/Mol);
"RMSD: Root Main square Diviation.

In terms of electrostatic energy, Octacosanal shows a marginally positive value (+0.01 kcal/mol),
whereas B-sitosterol presents a slight negative value (-0.09 kcal/mol), highlighting differences in
the electrostatic interactions of the two compounds. Octacosanal also demonstrates a more
favorable total internal energy (-0.82 kcal/mol) and a less restrictive torsional free energy (+2.09
kcal/mol) compared to B-sitosterol. These findings suggest that Octacosanal exhibits a stronger
affinity for the target, as illustrated in Table 3.

The 2D and 3D visualizations of the B-sitosterol@6TTO and Octacosanal@6TTO complexes,
highlighting the best binding poses and the interacting amino acid residues, are shown in Fig. 2
and 3, respectively. Table 4 provides a detailed list of the interacting amino acids along with their
corresponding distances (A).
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Table 4. The amino acids involved in interactions of Octacosanal, B-sitosterol ligands at the Acetylcholinesterase
(AChE) enzyme (PDB ID: 6TTO).

Comp.
P Amino acid involved in interaction (Interaction site) Distances (&)

Lig—Arg289, (1.99)
Lig—Phe330, (3.87)
Lig—Ser286, (3.44)
Lig—11e287, (5.27)
Lig—Phe290, (4.84)
Lig—Tyrl21, (5.48)
Lig—Tyr334, (4.57)
Lig—Phe331, (4.44; 5.46)
Lig—Trp84, (5.30; 5.35; 4.88; 5.23)
Lig—Phe330, (3.87)
Lig—His440, (4.39; 5.46)

Arg289, Ser286, 11e287,Phe290, Tyr121, Tyr334,

Octacosanal @6TTO Phe331, Trp84, Phe330, Hisd40.

Lig-Phe330, (3.37)
Lig-Phe331, (4.36; 5.22)
Lig-Tyr334, (3.87; 4.22)
Lig-Tyr121, (5.44)
Lig-Trp279, (4.33; 4.37)
Lig-11e287, (5.32; 5.43)
Lig-Tyr70, (5.09)

Phe330, Phe331, Tty334, Tyrl21, Trp279, 11287 &

B-sitosterol @6TTO Tyr70.

The Octacosanal ligand interacts with the 6TTO binding site through a conventional hydrogen bond
between the hydrogen atom of its hydroxyl group and the oxygen atom of the carbonyl function of
the Arg289 residue (1.99 A), as well as a carbon-hydrogen bond with Ser286(3.44A). These
interactions are illustrated in Figure 2 (band c) and detailed in Table 4.

On the other hand, hydrophobic interactions, particularly alkyl and m-alkyl interactions play a
crucial role in stabilizing the Octacosanal@6TTO complex (Fig. 2 c¢). These interactions involve
several amino acid residues, including 11e287 (5.27 A), Phe290 (4.84 A), Tyr121 (5.48 A), Tyr334
(4.57 A), Phe331 (4.44 A; 5.46 A), Trp84 (5.30A; 5.35 A; 4.88A; 5.23 A), Phe330 (3.87A), and
His440 (4.39 A; 5.46 A).
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Fig. 2. 2D and 3D representations of the optimal binding pose of the Octacosanal@6TT0 complex.
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Fig. 3. 2D and 3D representations of the optimal binding pose of the B-sitosterol@6TTO complex.
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The docking analysis reveals that B-sitosterol interacts with the 6TTO target through multiple
stabilizing interactions involving key amino acid residues. Notably, a m-sigma interaction is
observed with Phe330 (3.37 A), while a combination of m-sigma and m-alkyl interactions is
established with several residues, including Phe331 (4.36 A; 5.22 A), Tyr334 (3.87A; 4.22A),
Tyr121(5.44A),Trp279 (4.33A;4.37A), 11le287 (5.32A;5.43A), and Tyr70 (5.09 A). These
interactions highlight the significant role of hydrophobic forces in stabilizing the B-
sitosterol@6TTO complex, contributing to its strong binding affinity with the target (see Table 4
and Fig. 3).

Conclusion
In the present research, the chemical investigation of Suaeda fruticosa Petroleum ether extract was

analyzed using the GC/MS technique. The results revealed that this lipophilic extract is rich in
saturated primary fatty alcohols, where 1- octacosanol (37.23%), and triacontanol (15.53%), are
the major compounds followed by their relative aldehydes octacosanal (8.86%), triacontanal (7.49
%), and a group of 9 fatty acids represents 7.06%. DFT approaches and molecular docking study
were performed to analyze and compare the chemical reactivity of the major constituents and
identify their binding affinity against the Acetylcholinesterase (AChE) enzyme (PDB ID: 6TTO0).
Octacosanal and B-sitosterol exhibit strong binding affinities toward the 6TTO target, with free
energies of -13.15 and -10.26 kcal/mol, respectively, surpassing the binding affinity of the
reference ligand NOT. Therefore, the lipophilic extract of S. fruticosa would be a promising
alternative which must be supported by additional investigations as well as pharmacodynamic and
pharmacokinetic studies.
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