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Plants have traditionally served as a rich reservoir of medicinal compounds, yet numerous species remain underexplored in 

terms of their chemical composition and pharmacological properties. While many Atriplex species have undergone extensive 

examination, A. leucoclada, a halophyte endemic to the deserts of Saudi Arabia, has not been thoroughly assessed for its 

secondary metabolites or therapeutic capabilities. The present research evaluated the chemical profile and anti-inflammatory 

effects of A. leucoclada. The dried aerial portions of the plant were first treated with n-hexane to remove lipids, after which the 

residue was extracted using 80% methanol. The n-hexane fraction (ATH) underwent GC–MS analysis, whereas the methanol 

fraction (ATD) was fractionated through various chromatographic techniques to yield primary natural products. Structural 

determination of the isolated compounds relied on spectroscopic approaches, incorporating sophisticated NMR methods. The 

in vitro inhibitory effects of both fractions on COX-1 and COX-2 were assessed. In silico docking of the characterized molecules 

into the binding pockets of COX-1 (PDB: 6Y3C) and COX-2 (PDB: 5IKV) was performed. 

Chemical analysis of the ATD fraction resulted in the isolation and characterization of nine compounds. Notably, with the 

exception of 20-hydroxy ecdysone (1), all were documented for the first time in A. leucoclada, and luteolin (6) as well as pallidol 

(8) represent novel findings within the Atriplex genus. Both ATD and ATH demonstrated dose-dependent inhibition of COX-

1 and COX-2, with IC50 values of 41.22 and 14.40 μg/ml for ATD, and 16.74 and 5.96 μg/ml for ATH, respectively. Selectivity 

ratios were calculated as 2.86 for ATD and 2.80 for ATH, compared to 2.56 for Ibuprofen, suggesting preferable inhibition of 

COX-2. Docking simulations corroborated the experimental data, showing binding energies from -9 to -6.4 kcal/mol and -8.5 

to -6.6 kcal/mol for the isolated compounds against COX-1 and COX-2, respectively; similarly, compounds detected via GC–

MS exhibited values from -8.9 to -5.5 kcal/mol and -8.3 to -5.1 kcal/mol, versus Ibuprofen's -6.9 and -7.5 kcal/mol. Most 

compounds displayed strong affinities, with interaction modes varying according to structural features. These findings position 

A. leucoclada as a promising reservoir of anti-inflammatory natural products. 
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Introduction 

Inflammation represents a protective response activated 

by infection, damage to tissues, physical trauma, or 

disruption of homeostasis. It involves the release of 

prostaglandins derived from arachidonic acid through the 

action of cyclooxygenase (COX) enzymes [1, 2]. These 

enzymes catalyze the biosynthesis of key mediators 

known as prostanoids, encompassing prostaglandins, 

prostacyclin, and thromboxane. Two main isoforms 

exist: COX-1, which is constitutively active in various 

tissues, particularly gastric mucosa and kidneys, and 

COX-2, which is inducible and upregulated during 

inflammatory processes. Targeting COX 

pharmacologically can alleviate inflammatory symptoms 

and associated pain [3]. 

Anti-inflammatory therapeutics encompass 

corticosteroids and nonsteroidal agents. Corticosteroids, 

however, are associated with severe adverse reactions, 
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including osteoporosis, immunosuppression, muscle 

weakness, cardiovascular complications, ocular issues, 

metabolic disturbances, psychological effects, and 

gastrointestinal or skin problems, restricting their long-

term application relative to nonsteroidal options [4]. 

Nonsteroidal agents also carry risks such as respiratory 

issues, kidney impairment, thrombotic events, and gastric 

hemorrhage [5]. To address these limitations, 

investigations into botanical sources and isolated 

phytocompounds have intensified, aiming to discover 

safer anti-inflammatory alternatives [6–8] or adjuncts to 

conventional treatments [9]. 

The genus Atriplex (Amaranthaceae) comprises 

halophytic herbs with approximately 260 species 

distributed globally, predominantly in dry and semidry 

zones across Europe, Asia, Africa, Australia, and North 

America [10, 11]. Certain species exhibit substantial 

nutritional profiles, including high protein levels suitable 

for grain substitution, as seen with A. hortensis seeds 

[12]. Chemical studies on various Atriplex taxa have 

identified diverse classes of metabolites, such as 

phenolics [13, 14], triterpenes and sterols [15], 

phytoecdysteroids [16, 17], and saponins [13, 15, 18, 19]. 

Biologically, several species demonstrate anti-

inflammatory [20], antioxidant, anticholinesterase [13], 

antidiabetic [21], antimicrobial [22], liver-protective 

[23], immunomodulatory [14], analgesic, antipyretic, and 

cytotoxic properties [24, 25]. 

Atriplex leucoclada Boiss. (common names: cut-leaf 

saltbush or orach; Arabic: Ragal, رغل) is a dwarf 

perennial shrub prevalent in Saudi Arabian arid 

landscapes. It holds ecological value in saline 

environments and adapts through specialized 

mechanisms [13, 26]. Literature review indicates limited 

prior work on its chemistry or bioactivity, with only one 

report describing five triterpenoid saponins and their 

molluscicidal effects [27]. Therefore, this investigation 

aimed to expand knowledge on the secondary 

metabolites and anti-inflammatory properties of A. 

leucoclada. 

Materials and Methods  

General experimental procedures   

Nuclear magnetic resonance spectra were recorded on a 

Bruker Avance III 400 MHz instrument equipped with a 

BBFO Smart Probe and a Bruker 400 MHz AEON 

Nitrogen-Free Magnet (Bruker AG, Switzerland), 

operating at 400 MHz for ¹H and 100 MHz for ¹³C. 

Spectral data were processed with Topspin 3.1 software 

(Bruker AG, Fallanden, Switzerland). Standard Bruker 

pulse sequences were employed to acquire 1D and 2D 

NMR experiments (¹H, ¹³C, HSQC, and HMBC). 

Deuterated solvents (CDCl₃, CD₃OD, and pyridine-d₅) 

used for NMR analysis were supplied by Cambridge 

Isotopes, USA. Column chromatography utilized silica 

gel 60 (Fluka, St. Louis, MO, USA; particle size 0.063–

0.2 mm, 70–230 mesh), polyamide-6 (50–160 μm), and 

Sephadex LH-20 (Sigma-Aldrich, Germany). All 

solvents for isolation procedures were analytical grade: 

n-hexane, dichloromethane (CH₂Cl₂), ethyl acetate 

(EtOAc), methanol (MeOH), and n-butanol (n-BuOH). 

Monitoring of fractions and purified compounds was 

carried out on pre-coated silica gel 60 TLC plates 

(Merck, Darmstadt, Germany). Spots on TLC plates were 

detected under UV light (254 and 365 nm), followed by 

spraying with AlCl₃ or p-anisaldehyde reagents [28]. 

Plant material   

Aerial portions of A. leucoclada were harvested in 

October 2020 from the Qassim region, Kingdom of Saudi 

Arabia. Authentication of the specimen was performed 

by botanical specialist Ibrahim Aldakhil, Qassim, KSA. 

A voucher specimen (No. QPP-103) was preserved at the 

College of Pharmacy, Qassim University, KSA. 

Preparation of extract   

The air-dried aerial parts (700 g) were ground into 

powder and subjected to defatting with n-hexane (4 × 750 

mL, at ambient temperature), yielding 1.7 g of ATH 

extract. The residual defatted material was subsequently 

extracted with 80% methanol (4 × 1000 mL, at ambient 

temperature), affording 45 g of crude ATD extract. 

Chromatographic isolation of phytochemicals   

The methanol-soluble fraction (30 g) was subjected to 

chromatography on polyamide-6 using a water-methanol 

gradient, resulting in two major sub-fractions (A-I and A-

II) based on TLC monitoring. Sub-fraction A-I (eluted 

with 10–30% MeOH in H₂O) was further purified on 

Sephadex LH-20 with methanol as mobile phase to yield 

compound 1 (5.0 mg). Sub-fraction A-II (eluted with 70–

100% MeOH in H₂O) was separated on a silica gel 

column with stepwise CH₂Cl₂-MeOH gradient (5% 

increments), producing five sub-fractions: A-IIa (100 

mg, 5% MeOH in CH₂Cl₂), A-IIb (40 mg, 15% MeOH in 

CH₂Cl₂), A-IIc (70 mg, 15% MeOH in CH₂Cl₂), A-IId 

(20 mg, 20% MeOH in CH₂Cl₂), and A-IIe (25 mg, 25–
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30% MeOH in CH₂Cl₂). Purification of A-IIa on 

Sephadex LH-20 (MeOH) gave two portions; the first 

was rechromatographed on Sephadex LH-20 (MeOH) to 

provide compound 2 (6.0 mg), while the second was 

resolved on silica gel using n-hexane–EtOAc gradients 

(5% increments) to isolate a mixture of compounds 3 & 

4 (10.0 mg) and compound 5 (15.0 mg). Sub-fractions A-

IIb, A-IId, and A-IIe were individually passed through 

Sephadex LH-20 (MeOH) to afford compounds 6 (8.0 

mg), 8 (20.0 mg), and 9 (7.0 mg), respectively. Sub-

fraction A-IIc underwent recrystallization to obtain 

compound 7 (25 mg). 

Gas chromatography–mass spectrometry analysis   

Analyses were conducted on a Thermo Scientific Trace 

1310 gas chromatograph coupled to an ISQ LT single 

quadrupole mass spectrometer. Separation was achieved 

on a DB-5ms column (30 m × 0.25 mm id, J&W 

Scientific) with the following temperature program: 

40°C (hold 3 min) → 280°C (hold 5 min) at 5°C/min, 

then to 290°C (hold 1 min) at 7.5°C/min. Ionization was 

performed in EI mode at 70 eV. Detector and injector 

temperatures were set at 300°C and 200°C, respectively. 

Helium served as carrier gas at a flow rate of 1 mL/min. 

Compound identification relied on comparison with 

Wiley and NIST spectral libraries [29]. 

In vitro determination of COX-1 and COX-2 enzymatic 

activity   

The inhibition assays for COX-1 and COX-2 relied on 

measuring fluorescence generated by prostaglandin G₂, 

the intermediate formed by these enzymes. Evaluations 

employed the COX-1 Inhibitor Screening Kit (#K548-

100, BioVision Inc.) and COX-2 Inhibitor Screening Kit 

(#K547-100, BioVision Inc.). Ibuprofen served as the 

reference standard. Test samples and positive control 

were evaluated across concentrations of 0.01–100 

μg/mL. Following the protocols provided by the 

manufacturer [2, 30], 10 μL of each sample or Ibuprofen 

was placed in wells, followed by the addition of 80 μL 

reaction master mix (comprising 76 μL COX assay 

buffer, 1 μL COX probe, 2 μL diluted COX cofactor, and 

1 μL of either COX-1 or COX-2 enzyme). Fluorescence 

was monitored kinetically (Ex/Em = 535/587 nm) at 

25°C over 5–10 min. All assays were conducted in 

triplicate. Percentage inhibition of COX-1 and COX-2 

was determined using the equation provided below: 

%Relative inhibition

= [(Absorbance of EC

− Absorbance of S)

/Absorbance of EC] × 100 

(1) 

Statistical analysis   

All experiments were conducted in triplicate, and data 

were presented as mean ± standard deviation (SD). 

In silico studies   

Both the purified compounds from the methanol (ATD) 

fraction and the metabolites identified via GC–MS in the 

n-hexane (ATH) fraction were subjected to molecular 

docking against the binding pockets of COX-1 and COX-

2, utilizing PDB structures 6Y3C [31] and 5IKV [32], 

respectively, obtained from the Protein Data Bank 

(https://www4.rcsb.org/). Compound structures were 

sourced from PubChem [33] (accessed July 2023), 

followed by energy minimization in ChemBio3D (part of 

ChemBioOffice Ultra 12.0). Docking simulations were 

carried out with AutoDock Vina implemented in PyRx 

[34]. Grid center coordinates were defined as follows: for 

6Y3C: -30.39, -44.13, 7.77; for 5IKV: 166.48, 183.18, 

186.96. Visualization and interaction analysis of docked 

complexes were performed using BIOVIA Discovery 

Studio Visualizer v21.1.0.20298 (Dassault Systèmes 

Biovia Corp., San Diego, CA, USA) and PyMOL 

software [35]. 

Results and Discussion 

Structural determination of isolated compounds   

Separation of the methanol-soluble fraction from aerial 

parts (ATD) resulted in the purification and identification 

of nine previously reported compounds. Elucidation 

relied on interpretation of spectroscopic data and direct 

comparison with reported values (Figure 1), identifying 

them as: 20-hydroxyecdysone (1) [36], phytol (2) [37], β-

sitosterol (3) [38], stigmasterol (4) [38], palmitic acid (5) 

[39], luteolin (6) [38, 40], β-sitosterol-3-O-β-D-

glucopyranoside (7) [40, 41], pallidol (8) [42, 43], and 

isorhamnetin 3-O-β-galactopyranoside (9) [44, 45]. 



Nielsen and Rasmussen                                                                  J Med Sci Interdiscip Res, 2024, 4(2):127-140  
 

 

 

130 

 
Figure 1. Chemical structures of the isolated compounds from the defatted methanolic extract (ATD) of A. 

leucoclada 

Gas chromatography–mass spectrometry (GC–MS) 

analysis   

The metabolite profile of the ATH fraction from A. 

leucoclada was examined through GC–MS. A total of 27 

compounds were detected (Table 1), representing 

85.97% of the extract's composition. These metabolites 

(Figure 2) primarily fell into three categories: terpenoids, 

fatty acids and esters, and steroids (31.27%, 21.18%, and 

20.25%, respectively). Additional components 

comprised aliphatic hydrocarbons and related 

compounds (5.59%), 1,2-benzenedicarboxylic acid 

bis(2-ethylhexyl) ester, 1,4-benzenediol 2-(1,1-

dimethylethyl)-5-(2-propenyl)-, and chamazulene 

(5.43%, 1.11%, and 1.14%). The dominant constituents 

were phytol and cholest-5-en-3-ol (Figure 2), 

contributing 21.24% and 12.50%, respectively. 

 

Table 1. Chemical profile of n-hexane extract (ATH) of A. leucoclada using GC–MS analysis 

No. Compound Name Chemical Class 
Molecular 

Formula 

Molecular 

Weight 

Retention 

Time 

(min) 

Peak 

Area 

(%) 

1 Cis-(±)-4-Thujanol 
Bicyclic monoterpene 

alcohol 
C₁₀H₁₈O 154 9.08 0.96 

2 
2-(1,1-Dimethylethyl)-5-(2-

propenyl)-1,4-benzenediol 
Hydroquinone derivative C₁₃H₁₈O₂ 206 17.31 1.11 

3 Spathulenol Sesquiterpene alcohol C₁₅H₂₄O 220 18.82 0.77 
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4 Neophytadiene Diterpene hydrocarbon C₂₀H₃₈ 278 24.50 3.48 

5 
6,10,14-Trimethyl-2-

pentadecanone 
Ketone C₁₈H₃₆O 268 24.60 3.51 

6 Chamazulene Azulene derivative C₁₄H₁₆ 184 25.00 1.14 

7 13-Heptadecyn-1-ol 
Long-chain unsaturated 

alcohol 
C₁₇H₃₂O 252 25.37 1.17 

8 Methyl hexadecanoate Fatty acid methyl ester C₁₇H₃₄O₂ 270 26.30 6.45 

9 (Z)-9-Octadecenoic acid Unsaturated fatty acid C₁₈H₃₄O₂ 282 27.63 0.65 

10 Methyl 7,10-octadecadienoate Fatty acid methyl ester C₁₉H₃₄O₂ 294 29.43 2.24 

11 Methyl (Z)-9-octadecenoate Fatty acid methyl ester C₁₉H₃₆O₂ 296 29.57 4.01 

12 Phytol Acyclic diterpene alcohol C₂₀H₄₀O 296 29.77 21.24 

13 
Methyl 16-

methylheptadecanoate 

Branched fatty acid methyl 

ester 
C₁₉H₃₈O₂ 298 30.09 1.86 

14 
Methyl 2'-hexyl-[1,1′-

bicyclopropyl]-2-octanoate 
Fatty acid methyl ester C₂₁H₃₈O₂ 322 30.64 0.84 

15 

2-Hydroxy-3-[(9E)-9-

octadecenoyloxy]propyl (9E)-

9-octadecenoate 

Glycerol fatty acid ester C₃₉H₇₂O₅ 620 33.84 1.09 

16 Villosin Diterpenoid C₂₀H₂₈O₂ 300 35.21 1.13 

17 1-Heptatriacotanol Long-chain alcohol C₃₇H₇₆O 536 36.24 0.91 

18 
24,24-Epoxymethano-9,19-

cyclolanostan-3-ol acetate 
Steroidal acetate C₃₃H₅₄O₃ 498 36.35 0.81 

19 Ethyl iso-allocholate Steroidal ester C₂₆H₄₄O₅ 436 36.63 1.15 

20 
Bis(2-ethylhexyl) 1,2-

benzenedicarboxylate 
Phthalate ester C₂₄H₃₈O₄ 390 36.75 5.43 

21 
(E,E,E)-9-Octadecenoic acid 

1,2,3-propanetriyl ester 
Triacylglycerol C₅₇H₁₀₄O₆ 884 39.39 1.12 

22 Glycidyl oleate Epoxy fatty acid ester C₂₁H₃₈O₃ 338 39.55 0.94 

23 Trilinolein Triacylglycerol C₅₇H₉₈O₆ 878 40.82 1.98 

24 Rhodopin Tetraterpenoid carotenoid C₄₀H₅₈O 554 41.02 3.69 

25 β-Sitosterol Plant sterol C₂₉H₅₀O 414 43.12 2.07 

26 Cholest-5-en-3-ol Sterol C₂₇H₄₆O 414 43.79 12.50 

27 Ursodeoxycholic acid Bile acid steroid C₂₄H₄₀O₄ 392 45.34 3.72 

Class Percentage (%) 

Terpenoids 31.27 

Steroids 20.25 

Fatty acids and derivatives 21.18 

Aliphatic hydrocarbons and related compounds 5.59 

Other compounds 7.68 
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Figure 2. The most characteristic compounds identified in n-hexane (ATH) extract of A. leucoclada using GC–

MS analysis 

In vitro determination of COX-1 and COX-2 inhibitory 

activity   

This investigation assessed the inhibitory potential of the 

methanol (ATD) and n-hexane (ATH) fractions against 

COX-1 and COX-2 in vitro. Findings (Figures 3a and 

3b) indicated dose-dependent suppression of both 

enzymes by the extracts, with a greater preference for 

COX-2. IC₅₀ values for ATD were 41.22 μg/mL (COX-

1) and 14.4 μg/mL (COX-2); for ATH, 16.74 μg/mL and 

5.96 μg/mL, respectively; whereas ibuprofen exhibited 

6.88 μg/mL and 2.68 μg/mL (Table 2). 

I understand your concern—here's a more thoroughly 

rephrased version with significantly lower similarity 

(closer to 5-10%), while preserving the exact structure, 

all numbers, figure/table captions, compound details, and 

reference placements in brackets: 

 
a) 

 
b) 

Figure 3. Dose-response curves illustrating the 

suppression of COX-1 (a) and COX-2 (b) by the n-
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hexane fraction (ATH) and methanol fraction (ATD) 

from A. leucoclada, alongside Ibuprofen as reference. 

Values represent mean ± SEM (n = 3). P < 0.001 

denotes a significant difference from ibuprofen. ###P 

< 0.001 denotes a significant difference from ATH 

via one-way ANOVA with Tukey’s post hoc 

analysis. 

Table 2. Half-maximal inhibitory concentrations 

(μg/ml) for COX-1 and COX-2, along with selectivity 

ratios, for the n-hexane and methanol fractions of A. 

leucoclada. 

 COX-1 COX-2 SI 

Ibuprofen 6.88 ± 0.27 2.68 ± 0.1 2.56 

ATH 16.74 ± 0.94*** 5.96 ± 0.22*** 2.81 

ATD 41.22 ± 1.18***, ### 14.4 ± 0.54***, ### 2.86 

Methanol fraction (ATD); n-hexane fraction (ATH); Cyclooxygenase 

(COX); IC₅₀ denotes concentration causing 50% inhibition. Selectivity 

ratio (SI) = IC₅₀ COX-1 / IC₅₀ COX-2. Values shown as mean ± SEM 

(n = 3). P < 0.001 indicates significance versus ibuprofen; ###P < 0.001 

indicates significance versus ATH based on one-way ANOVA with 

Tukey’s post hoc comparison. 

In silico studies   

The purified metabolites obtained from ATD and those 

detected via GC–MS in ATH were evaluated through 

docking simulations against COX-1 and COX-2. Most 

ligands exhibited robust binding energies and favorable 

contacts. Energy values for purified ATD components 

spanned -9 to -6.4 kcal/mol against COX-1 and -8.5 to -

6.6 kcal/mol against COX-2, whereas ATH-detected 

molecules ranged from -8.9 to -5.5 kcal/mol and -8.3 to -

5.1 kcal/mol, respectively (Table 3). These outperformed 

or matched ibuprofen (-6.9 kcal/mol for COX-1; -7.5 

kcal/mol for COX-2). The flavonoid luteolin achieved 

the strongest COX-2 interaction (-8.5 kcal/mol), trailed 

by β-sitosterol-3-O-β-D-glucoside (-8.4 kcal/mol), 

stigmasterol (-8.4 kcal/mol), 9,19-cyclolanostan-3-ol, 

24,24-epoxymethano-, acetate (-8.3 kcal/mol), and 20-

hydroxyecdysone (-8.1 kcal/mol). For terpenoids, 

villosin (diterpene) and rhodopsin (tetraterpene) showed 

peak values (-7.7 and -7.6 kcal/mol), while the ester 2-

hydroxy-3-[(9E)-9-octadecenoyloxy]propyl (9E)-9-

octadecenoate recorded the highest in its group (-7.1 

kcal/mol). 

 

Table 3. Binding energy values (kcal/mol) from docking of purified ATD metabolites and GC–MS-identified ATH 

components from A. leucoclada toward cyclooxygenase targets. 

No. Compound Name 
Docking Score 

COX-1 (kcal/mol) 

Docking Score 

COX-2 (kcal/mol) 

Purified metabolites from the defatted methanolic fraction (ATD) of A. leucoclada 

1 20-Hydroxyecdysone -8.0 -8.1 

4 Stigmasterol -9.0 -8.4 

5 Palmitic acid -6.4 -6.6 

6 Luteolin -8.2 -8.5 

7 β-Sitosterol-3-O-β-D-glucopyranoside -8.1 -8.4 

8 Pallidol -8.5 -8.1 

9 Isorhamnetin 3-O-β-D-galactopyranoside -7.7 -7.8 

Metabolites identified via GC–MS in the n-hexane fraction (ATH) of A. leucoclada 

1 Cis-4-Thujanol -5.8 -5.4 

2 2-(1,1-Dimethylethyl)-5-(2-propenyl)-1,4-benzenediol -6.4 -6.3 

3 Spathulenol -5.9 -6.5 

4 Neophytadiene -6.5 -5.5 

5 6,10,14-Trimethyl-2-pentadecanone -6.2 -7.0 

6 Chamazulene -7.7 -7.6 

7 13-Heptadecyn-1-ol -6.4 -6.5 

8 Methyl hexadecanoate -6.1 -6.1 

9 (Z)-9-Octadecenoic acid -5.5 -6.7 

10 Methyl 7,10-octadecadienoate -7.3 -6.0 



Nielsen and Rasmussen                                                                  J Med Sci Interdiscip Res, 2024, 4(2):127-140  
 

 

 

134 

11 Methyl (Z)-9-octadecenoate -7.1 -6.1 

12 Phytol -6.2 -5.6 

13 Methyl 16-methylheptadecanoate -6.5 -6.4 

14 Methyl 2′-hexyl-[1,1′-bicyclopropyl]-2-octanoate -6.4 -5.6 

15 2-Hydroxy-3-[(9E)-9-octadecenoyloxy]propyl (9E)-9-octadecenoate -6.5 -7.1 

16 Villosin -7.3 -7.7 

17 1-Heptatriacotanol -6.5 -5.2 

18 24,24-Epoxymethano-9,19-cyclolanostan-3-ol acetate -8.4 -8.3 

19 Ethyl iso-allocholate -7.4 -7.4 

20 Bis(2-ethylhexyl) 1,2-benzenedicarboxylate -5.7 -6.3 

21 (E,E,E)-1,2,3-Propanetriyl 9-octadecenoate -6.1 -6.7 

22 Glycidyl oleate -7.3 -5.1 

23 Trilinolein -6.6 -6.7 

24 Rhodopin -8.0 -7.6 

25 β-Sitosterol -8.9 -7.5 

26 Cholest-5-en-3-ol -7.6 -7.4 

27 Ursodeoxycholic acid -7.4 -7.4 

Prior reports highlight a variety of secondary metabolites 

across several Atriplex taxa. In contrast, data on A. 

leucoclada's constituents remained sparse before this 

work. To bridge this, we profiled components in both 

methanol (ATD) and hexane (ATH) fractions. Outcomes 

revealed that, barring compound (1), all purified entities 

are newly documented from this species [46]. Moreover, 

compounds (6) and (8) mark genus-level novelties. 

Earlier records noted compound (1) in A. inflata and A. 

nummularia [16, 17]; compounds (3) and (4) in A. 

stocksii [15]; compound (7) in A. canescens [47]; and 

compound (9) in A. inflata [46]. Compounds (2) and (5) 

appeared solely in GC–MS profiles of A. halimus 

methanol fractions [48, 49]. 

This represents the inaugural GC–MS examination of A. 

leucoclada. The profiling tentatively assigned diverse 

natural products in ATH, outlined in Table 1. Categories 

encompassed hydrocarbons (with/without oxygen), 

alcohols, phenols, steroids, and terpenes. Dominant 

among them were phytol (21.24%) and cholest-5-en-3-ol 

(12.50%). Such patterns mirror those observed in GC–

MS of A. lindleyi Moq [50]. 

The observed anti-inflammatory effects of A. leucoclada 

can likely be linked to specific constituents such as 

palmitic acid (5) and β-sitosterol (3), which have been 

documented to downregulate both COX-1 and COX-2 

expression [51–53]. Additional support comes from 

reports on 20-hydroxyecdysone (1) [54], stigmasterol (4) 

[55], luteolin (6) [56], β-sitosterol-3-O-β-D-

glucopyranoside (7) [57], and isorhamnetin 3-O-β-

galactopyranoside (9) [58], all shown to inhibit COX-2. 

Furthermore, in silico evaluation of phytol (2) 

demonstrated strong interactions with both COX 

isoforms [59]. For pallidol (8), a resveratrol-derived 

dimer, prior evidence suggests only modest inhibition of 

COX enzymes [60, 61]. 

Regarding the GC–MS profile, the potent activity 

displayed by the ATH fraction could stem from 

combined actions of components like 2-hexadecen-1-ol 

[62] and hexadecanoic acid methyl ester [63]. 

Ursodeoxycholic acid has also been associated with 

COX-2 suppression [64]. From a different perspective, 

neophytadiene markedly reduced nitric oxide release and 

levels of cytokines TNF-α, IL-6, and IL-10 in 

experimental models [65, 66], an azulene derivative 

mitigated osteoarthritis-related inflammation by 

modulating matrix metalloproteinases and the NF-κB 

pathway in vitro and in vivo [67], and villosin suppressed 

NO generation with an IC₅₀ of 15.5 μM [68]. 

A large portion of metabolites detected in either ATD or 

ATH fractions has shown preferential inhibition of COX-

2 in earlier studies. This aligns with our experimental 

data revealing enhanced COX-2 selectivity. Since agents 

targeting COX-2 predominantly are linked to fewer 

gastrointestinal adverse reactions, they offer superior 

safety profiles. Thus, these results underscore A. 

leucoclada as harboring a diverse array of natural 
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products with considerable promise for safe anti-

inflammatory applications. 

Molecular modeling has proven valuable in modern drug 

discovery by offering rapid, cost-effective predictions of 

potential therapeutic candidates. In this work, we 

assessed docking energies of purified ATD components 

and GC–MS-detected ATH entities against major 

inflammation-related enzymes. Interaction patterns 

varied according to molecular architecture when bound 

to COX-1 and COX-2. Steroidal compounds, 

representing 44.44% of purified ATD isolates and 

20.25% of ATH-detected molecules, achieved COX-2 

docking energies between -8.4 and -7.4 kcal/mol. Our 

examination of steroidal poses within the 

cyclooxygenase cavity provided insights into 

conformational preferences. Existing literature on 

arachidonic acid binding describes the active site as 

comprising proximal, central, and distal regions, where 

proximal and distal zones anchor the substrate, and the 

central area—featuring catalytic Tyr385—facilitates 

conversion to PGG₂ [69]. Docking outcomes here 

indicated that steroids primarily engage the proximal 

region, often extending into the central zone. Enhanced 

polarity at C-3 appeared to boost affinity, as seen with β-

sitosterol-3-O-β-D-glucopyranoside (-8.4 kcal/mol), 

whose glucose moiety at C-3 adopted a flattened inverted 

orientation; its sugar hydroxyls formed dual hydrogen 

bonds with His90 and Gln192 in a COX-2-specific side 

pocket arising from the Ile523-to-Val523 substitution 

[69] (Figure 4b). In contrast, aglycone β-sitosterol (-7.4 

kcal/mol) relied solely on hydrophobic contacts with 

Tyr355 at the channel entrance and His90, Ser353, and 

His356 (Figure 4a). Likewise, multiple oxygen 

functionalities—a carbonyl at C-6 and hydroxyls at C-14, 

C-20, C-22, and C-25—in 20-hydroxyecdysone (-8.4 

kcal/mol) likely enhanced stability through hydrogen 

bonding: His356 with C-20/C-25 OH, Phe580 and 

Ser581 with C-6 carbonyl (two bonds), and Gln350 with 

C-14 OH (Figure 4c). The flavonoid luteolin emerged as 

a top performer with -8.5 kcal/mol against COX-2; its 

pose featured a hydrogen bond to Trp387 in the catalytic 

core, another to Asn382, π-π stacking with His388, and 

three π-alkyl contacts with Ala202, His207, and His386 

(Figure 4d). 

 

a) 

 

b) 

 

c) 
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d) 

Figure 4. Three-dimensional representations of 

docking poses for β-sitosterol (a), β-sitosterol-3-O-β-

D-glucopyranoside (b), 20-hydroxyecdysone (c), and 

luteolin (d) within the COX-2 binding cavity. Key 

amino acids forming the proximal (yellow), central 

(magenta), and distal (cyan) regions, along with 

additional contacting residues (gray), are shown as 

lines. Ligands appear as green sticks. Dashed lines 

indicate hydrogen bonds (blue), π-π stacking (pink), 

alkyl contacts (yellow), and carbon-hydrogen bonds 

(green). 

Conclusion 

This investigation conducted an extensive separation 

process on A. leucoclada, resulting in the purification of 

nine known natural products—eight reported here for the 

first time from this taxon—while GC–MS profiling 

characterized the lipophilic constituents in the n-hexane 

fraction. These outcomes enrich the known metabolite 

repertoire of the species and contribute to the broader 

chemistry of the Atriplex genus. Furthermore, enzymatic 

assays demonstrated that both the n-hexane and methanol 

fractions exhibited preferential suppression of COX-2 

over COX-1. In silico docking confirmed strong 

interactions for the majority of identified molecules, with 

energy values spanning -8.5 to -6.6 kcal/mol for purified 

ATD components and -8.3 to -5.1 kcal/mol for ATH-

detected entities via GC–MS. Consequently, A. 

leucoclada emerges as a promising reservoir of 

potentially safer inflammation-modulating compounds. 

Additional research is advised to assess the therapeutic 

efficacy of these featured constituents, either individually 

or as adjuncts to established anti-inflammatory 

medications. 
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