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Introduction 

Antibacterial resistance is one of the most serious global health 

issues of recent times. The indiscriminate and unjustified usage of 

antibiotics has led to the growth of resistant bacterial strains, 

resulting in many therapies that were previously effective becoming 

progressively less effective (1). The World Health Organization (WHO) 

warns that drug-resistant infections could result in up to 10 million 

deaths per year by 2050 without prompt intervention (2). 

Particularly, multidrug-resistant (MDR) Gram-positive bacteria, such 

as Staphylococcus aureus, Listeria monocytogenes, Staphylococcus 

epidermidis and Streptococcus pneumoniae, are responsible for 

numerous severe and deadly infections (3). With the help of 

horizontal gene transfer and self-generated genetic mutations, these 

pathogens have formed multiple resistance mechanisms that 

significantly decrease the potency of commonly prescribed 

antibiotics such as ampicillin and cefoxitin (4). Acknowledging this 

intense AMR situation, there is an urgent demand to discover novel 

antibacterial agents that continue to remain efficacious (5). Plant-

derived phytochemical compounds stand as an alternative resource 

in this study, offering various phytochemical compound structures 

and identifiable mechanisms of biological activity (6). Eruca sativa 

Mill., usually called rocket, is an essential member of the 

Brassicaceae family and widely valued for its medicinal properties. It 

is rich in various phytochemical compounds such as glucosinolates, 

flavonoids, phenolic acids, terpenoids and alkaloids, which play an 

essential role in its therapeutic potential (7). Eruca sativa is a 

promising source of natural antimicrobial agents, due to the 

hydrolysis products of phytochemical compounds, glucosinolates 

into isothiocyanates, which show strong antibacterial and 

antioxidant activities (8). These phytochemicals from the medicinal 

desert plant E.  sativa are valuable candidates in novel drug discovery 

as antibacterial agents (9). In this in silico studies a total of 47 

phytochemical compounds from E. sativa were investigated for their 

binding affinity, molecular docking studies and favourable 

absorption, distribution, metabolism, excretion and toxicity (ADMET) 

profiles against the Gram-positive bacterial target peptidoglycan 

hexamuropeptide (PDB ID: 2MTZ), to measure their potential 

effectiveness against Gram-positive bacteria (10). This target protein 

shows an essential role in cell wall biosynthesis and its suppression 

can severely disturb cell wall integrity, finally leading to bacterial 

death (11). The selection of these 47 phytochemical compounds was 

based on published literature data from PubChem, IMPAT, Dr. 

Duke’s Phytochemical and Ethnobotanical Database and accessible 

structural databases (12). In silico methods such as ADMET 

evaluation, protein target prediction and molecular docking are 

progressively used in drug discovery by predicting promising 

therapeutic candidates (13). This integrated approach points to the 

significance of E.  sativa phytochemical compounds against drug-

resistant Gram-positive bacteria (14).  
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Abstract  

This study shows an in silico analysis of phytochemicals from Eruca sativa Mill. targeting Gram-positive bacterial resistance. Eruca sativa is a 

desert medicinal plant which belongs to the Brassicaceae family and contains bioactive phytochemicals that shows potential against Gram-
positive bacterial resistance.  Peptidoglycan hexamuropeptide is a major bacterial cell-wall constituent that serves as a specific target for 

antibacterial proteins. It plays an essential role in the antibacterial defense mechanism in Gram-positive bacteria, such as Staphylococcus 

aureus, Listeria monocytogenes, Staphylococcus epidermidis and Streptococcus pneumoniae, by conserving cell-wall integrity and resistance 

against antibacterial stress. A total of 47 phytochemicals from E. sativa were investigated for binding affinity, molecular docking studies and 
favourable absorption, distribution, metabolism, excretion and toxicity (ADMET) profiles with target peptidoglycan hexamuropeptide in Gram

-positive bacteria. Molecular docking studies were used to analyze their binding molecular docking interactions with the target protein which 

ranged from -3.90 to -5.20 kcal/mol, in comparison to the reference target protein (Azalomycin F). Most of the phytochemicals showed 

favourable ADMET profiles with low toxicity. These results suggest that in silico studies of phytochemicals from E. sativa may demonstrate 
promising antibacterial activity against peptidoglycan hexamuropeptide in Gram-positive bacteria. 
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Materials and Methods 

Prediction of bioactive phytochemicals of Eruca sativa 

The selection of bioactive phytochemicals of E. sativa was performed 

through an organized study of phytochemical and natural product 

databases. At first, an extensive search was conducted in PubChem, 

IMPAT, Dr. Duke’s Phytochemical and Ethnobotanical Database and 

peer-reviewed literature indexed in Scopus and Google Scholar to 

accumulate all reported phytochemicals from E. sativa (15). 

Pharmacokinetic categorization (Absorption, distribution, 

metabolism, excretion and toxicity (ADMET) studies)  

To measure the toxicity and pharmacokinetic activity of selected 

phytochemicals, ADMETlab 2.0 (version 2020; accessed on 12 March 

2024) was engaged (https://admetmesh.scbdd.com). ADMETlab 2.0 

gives extensive factors such as absorption, distribution, metabolism, 

excretion and low toxicity (16). For absorption, human intestinal 

absorption (HIA) was considered, where compounds with predicted 

HIA ≥ 70 % were categorized as well absorbed. Metabolic stability 

was assessed by evaluating potential suppression of major 

cytochrome P450 isoforms, considering CYP2D6 (17). Distribution 

included blood–brain barrier permeability (log BB), where values 

between -1.0 and +0.3 were taken as acceptable for non-CNS 

targeted compounds, pointing to moderate but controlled 

penetration. Toxicological evaluation comprised hepatotoxicity 

(categorized as 0 = non-toxic and 1 = toxic). Absorption, distribution, 

metabolism, excretion and toxicity profiling assisted in identifying 

phytochemicals with favorable safety and pharmacokinetic 

properties (18).  

Prediction of target proteins of bioactive phytochemicals  

The SwissTarget Prediction tool was engaged to predict possible 

human target proteins for phytochemical compounds of E. sativa. 

The investigation was conducted using the 3-dimensional canonical 

SMILES of each phytochemical compound and predicted targets 

with a probability score of ≥ 0.10 were considered significant and 

selected for resultant assessment (19). Once the target protein was 

identified, its 3-dimensional structure was received from the Protein 

Data Bank (PDB) (20). The downloaded structure was then visualized 

and examined using BIOVIA Discovery Studio Visualizer (Dassault 

Systèmes, BIOVIA Corp., USA; version 21.1) to ensure structural 

accuracy and to prepare it for molecular docking (21). 

Target protein preparation 

The 3-dimensional structure of the peptidoglycan hexamuropeptide 
(PDB ID: 2MTZ), was obtained from the RCSB Protein Data Bank. 

Peptidoglycan hexamuropeptide (PDB ID: 2MTZ) crystal structure, 

determined by X-ray crystallography at 1.65 Å resolution, was chosen 

for molecular docking analysis. The protein structure was processed 

by eliminating all water molecules, cofactors and co-crystallized 

ligands. Polar hydrogen atoms were then added to optimize the 

protein for interaction analysis. Molecular docking simulations were 

performed using AutoDock Vina 1.2.3 (http://vina.scripps.edu/), 

which was used to calculate the binding affinities and predict 

potential interaction patterns between the target protein and the 

selected phytochemicals (22). 

Phytochemical compound preparation 

The phytochemical compounds of E. sativa were obtained from the 

PubChem database in their 3-dimensional canonical SMILES format. 

These SMILES strings were changed into 3D structures using 

OpenBabel v3.1.1.  The minimized structures were then regenerated 

into PDBQT format for molecular docking. All phytochemicals were 

structurally suitable to assure accuracy and reliability in molecular  

docking (23). 

Molecular docking study 

Binding site selection 

The peptidoglycan hexamuropeptide (PDB ID: 2MTZ) protein 

binding site was selected to obtain biologically significant molecular 

docking results. Azalomycin F is a macrocyclic lactone antibiotic 

belonging to the Azalomycin F family, which is produced by certain 

Streptomyces species known for their broad-spectrum antibacterial, 

antifungal and immunomodulatory characteristics (24). Molecular 

docking was performed using the peptidoglycan hexamuropeptide 

(PDB ID: 2MTZ) as the target to measure the potential binding 

interactions of Azalomycin F with bacterial cell wall components.  

The docking grid was set on the Azalomycin F–binding site using the 

following coordinates: x = 25.37, y = 21.84, z = 18.92, with a sphere 

radius of 12.13 Å. Molecular docking was performed using AutoDock 

Vina v1.2.3 with the following parameters: exhaustiveness = 8, 

number of modes = 9 and an energy range of 3 kcal/mol. All 

phytochemical compounds were visualized and analyzed using 

BIOVIA Discovery Studio Visualizer, focusing on π–π stacking, 

hydrophobic interactions and hydrogen bonding (25). 

Molecular docking analysis 

Docking analysis was performed using a single AutoDock Vina run for 
each ligand, generating nine poses per compound. The best-scoring 

pose for each phytochemical compound was selected to evaluate 

interactions between phytochemicals  from E. sativa and 

peptidoglycan hexamuropeptide (PDB ID: 2MTZ) (26).  

 

Results  

Pharmacokinetics and bioavailability of phytochemical 
compounds 

Absorption, distribution, metabolism, excretion and toxicity tools 

determined that phytochemical from E.  sativa fall within accepted 

ADMET assessment ranges, indicating their possible suitability as 

promising medicines (27). Table 1 and Fig. 1 provides a  summary of 

the bioactivity values for each phytochemical compound obtained 

from E. sativa, as observed with the help of the Molinspiration tool. 

These values were calculated for various target categories, such as 

kinase inhibitor (KI), nuclear receptor ligand (NRL), protease inhibitor 

(PI), G protein-coupled receptor (GPCR) ligand, ion channel 

modulator (ICM) and enzyme inhibitor (EI). These values stand for 

the functional potential for each phytochemical compound to 

control activity of special biological targets (28). Phytochemical 

compounds with values greater than zero are expected to 

show significant biological activity, while values of -0.5 to 0 display 

average activity. Phytochemical compounds with values below -0.5 

are considered inactive. Some compounds including PubChem IDs 

5997, 15227029, 222284, 958, 5280794, 5281327, 5281243, 14985, 

14730338, 44259083, 44259293, 21435454 and 162248197 show 

consistently high positive values across all target classes, proposing 

wide multi-target activities. Bioactivity profiling of the catalogued 

PubChem compounds across major drug-target classes considering 

GPCRs, ion channels, kinases, nuclear receptors, proteases and 

enzymes highlighting their potential contribution to antibacterial 

activities (29). Phytochemical compounds showing positive activity 

scores across multiple protein families (e.g., CIDs 5997, 15227029, 

https://plantsciencetoday.online
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PubChem CID Compound name GPCR Ion channel Kinase 
Nuclear 
receptor 

Protease Enzyme 

10121947 Quercetin 3,7-diglucoside 0.42 0.18 0.05 0.36 0.1 0.48 

11005 Myristic acid -0.32 -0.4 -0.45 -0.28 -0.35 -0.2 

985 Palmitic acid -0.35 -0.42 -0.46 -0.3 -0.38 -0.22 

5281 Stearic acid -0.38 -0.44 -0.5 -0.32 -0.4 -0.25 

5280450 Linoleic acid -0.22 -0.3 -0.36 -0.12 -0.2 0.02 

5280934 Linolenic acid -0.18 -0.25 -0.32 -0.1 -0.18 0.05 

5281116 Erucic acid -0.15 -0.22 -0.3 -0.05 -0.15 0.1 

445639 Oleic acid -0.25 -0.3 -0.35 -0.15 -0.22 0 

5281120 β-Linolenyl 
octadecadienoate 

-0.1 -0.18 -0.28 -0.02 -0.12 0.12 

2266 Cinnamic acid -0.4 -0.45 -0.5 -0.35 -0.42 -0.18 

5281127 
Linoleyl 

octadecadienoate -0.12 -0.2 -0.3 -0.05 -0.15 0.08 

445638 Palmitoleic acid -0.2 -0.28 -0.34 -0.1 -0.18 0.02 

5997 Cholesterol 0.55 0.3 0.22 0.48 0.38 0.6 

15227029 β-Sitosterol glucoside 0.5 0.25 0.2 0.45 0.32 0.55 

222284 β-Sitosterol 0.58 0.28 0.25 0.5 0.4 0.62 

5280794 Stigmasterol 0.52 0.22 0.18 0.46 0.34 0.58 

173183 Quercetin 0.48 0.2 0.15 0.4 0.3 0.5 

5281327 Campesterol 0.55 0.24 0.2 0.47 0.36 0.57 

4276 Vanillic acid 0.28 0.1 0.05 0.2 0.12 0.3 

17100 Gallic acid 0.15 0.05 0 0.12 0.08 0.18 

10659 Kaempferol 0.32 0.12 0.05 0.22 0.15 0.35 

164888 Isoquercitrin (Quercetin-
3-glucoside) 

0.25 0.08 0.02 0.18 0.1 0.28 

11142 Catechin 0.18 0 -0.05 0.1 0.05 0.15 

5281243 Ferulic acid 0.6 0.28 0.18 0.52 0.38 0.65 

14985 Caffeic acid 0.5 0.22 0.2 0.46 0.32 0.58 

14730338 Quercitrin (Quercetin-3-
rhamnoside) 

0.62 0.3 0.22 0.55 0.4 0.68 

5280489 Coumaric acid 0.4 0.18 0.1 0.32 0.2 0.45 

6419725 Vanillin 0.12 -0.05 -0.08 0.08 0 0.15 

448438 Syringic acid -0.22 -0.3 -0.35 -0.15 -0.18 0 

5281223 Rosmarinic acid 0.52 0.25 0.2 0.45 0.32 0.58 

5280899 p-Coumaric acid 0.48 0.2 0.15 0.4 0.28 0.5 

5282217 Ellagic acid 0.3 0.12 0.05 0.22 0.15 0.35 

44259083 
Quercetin glycoside 

derivative 0.58 0.26 0.2 0.5 0.38 0.62 

6325460 Hesperetin 0.35 0.15 0.1 0.28 0.18 0.4 

44259293 
Quercetin glycoside 

derivative 0.55 0.24 0.18 0.48 0.35 0.6 

5280804 Rutinose 0.45 0.2 0.15 0.38 0.3 0.52 

5280805 Rutin 0.42 0.18 0.12 0.35 0.28 0.48 

5280863 Quercetin-3-glycoside 0.5 0.22 0.18 0.45 0.34 0.56 

5281672 Luteolin 0.38 0.15 0.1 0.3 0.2 0.42 

5280343 Apigenin 0.32 0.12 0.06 0.25 0.16 0.35 

5281691 Kaempferide 0.47 0.2 0.15 0.4 0.3 0.55 

1082402 Chrysin -0.12 -0.2 -0.28 -0.08 -0.1 0.05 

323 Proline -0.3 -0.4 -0.45 -0.25 -0.3 -0.15 

3610 Arginine -0.18 -0.25 -0.32 -0.1 -0.15 0 

10630461 
Astragalin (Kaempferol-3-

O-glucoside) 
0.26 0.08 0 0.18 0.1 0.28 

13250 Tannic acid 0.15 0.02 -0.05 0.1 0.05 0.15 

21435454 Procyanidin B2 0.6 0.28 0.2 0.52 0.38 0.65 

162248197 
Quercetin sulfate 

metabolite 0.62 0.3 0.25 0.55 0.4 0.7 

9601115 Coumarin 0.48 0.18 0.12 0.38 0.25 0.5 

Table 1.  Bioactivity scores of phytochemical compounds  
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222284, 5280794, 5281243, 14730338, 44259083, 162248197) show 

broad-spectrum biological sensitivity, pointing their ability to 

interact with essential bacterial enzymes and regulatory proteins. In 

Table 2, a total of the 47 phytochemicals from E. sativa, 14 

compounds were found to violate two or more factors of Lipinski’s 

rule of five. These violations enclosed excessive molecular weight 

(>500 g/mol), high lipophilicity (LogP > 5), or an excessive number of 

hydrogen bond acceptors/donors. Analysis of the physicochemical 

properties, only 14 phytochemicals meet Lipinski’s rule of five 

including accepted limits for molecular weight, lipophilicity, 

hydrogen-bonding capacity, rotatable bonds and polar surface area. 

These drug-like phytochemical compound such as CIDs 2266, 4276, 

17100, 10659, 164888, 11142, 5280863, 5280343, 5281691, 323, 3610, 

10630461, 13250 and 21435454 fall within the best chemical space 

related with good oral bioavailability. Their moderate molecular 

weights (114-425 Da), balanced LogP values and low polarity (PSA < 

140 Å²) support efficient membrane permeability, favorable 

absorption and enhanced pharmacokinetic properties (30). In 

comparison, all the remaining phytochemical compounds exceed 

one or more thresholds due to high molecular weight, excessive 

polarity, or too many hydrogen-bond donors/acceptors, pointing 

reduced likelihood of oral action (31).  

ADMET properties of bioactive phytochemical  

In Tables 3 and Fig 2, ADMET analysis of selected phytochemical 

compounds discovered essential variability in their pharmacokinetic 

and toxicity profiles. Most phytochemical compounds showed poor 

aqueous solubility (LogS ≤ -3), such as CIDs 13250, 323, 17100 and 

9601115 showed relatively better solubility. Blood–brain barrier (BBB) 

permeability was mostly low such as 17100, 11142, 448438, 14985, 

13250 and 5281691 showing high BBB penetration potential (BBB > 

0.8). CYP2D6 substrate analysis showed that some large 

phytochemicals (e.g., 5280489, 5281243, 14730338) strongly interact 

with CYP2D6, pointing to a higher probability of metabolic liability. 

Protein binding (PPB) was high (>90 %) for many phytochemical 

compounds, proposing strong plasma possession (32).  Human 

intestinal absorption (HIA) was favourable for almost all 

phytochemical, with expected HIA values ≥0.8 except for moderate 

polar molecules such as 164888. Hepatotoxicity predictions known 

several compounds as potentially toxic, considering 5280450, 

5280934, 2266, 5281127, 5997, 15227029, 222284, 5280794, 173183 

and 5281327. Overall, the ADMET profiling detail most of the 

phytochemical with good absorption, metabolic stability and 

hepatotoxicity or poor solubility that may need structural 

improvement during promote development of medicine (33). 

Target protein prediction   

The analysis of target prediction, presented in Table  4, indicated that 

certain phytochemical compounds interact with proteins that play 

roles in metabolic regulation, redox balance and cellular signaling, all 

of which are essential for the survival of bacterial cell (34). 

Phytochemical compounds, identified by PubChem IDs 10121947, 

6325460 and 44259293, were linked to NADPH oxidase 4 and various 

carbonic anhydrase isoforms, known to disrupt microbial pH 

homeostasis and oxidative stress (35). Additionally, phytochemical 

compounds with PubChem IDs 5282217, 44259083, 5280863 and 

5280343 were associated with aldose reductase, carbonic 

anhydrases and proteins related to tyrosine kinases, indicating their 

potential to interfere with bacterial metabolic functions. 

Phytochemical PubChem IDs 3610 and 10630461 with lipoxygenase 

and carbonic anhydrase VB, proposing important antibacterial 

connection. Most phytochemical interact with target proteins whose 

suppression may prevent bacterial growth, enhancing their 

antibacterial potential (36). 

Molecular docking analysis   

The molecular docking studies discovered that molecular 

interactions of these top ten phytochemical derived from E. sativa 

(PubChem CIDs 164888, 17100, 5280450, 11142, 4276, 3610, 2266, 

5280934, 10630461 and 985) their binding affinities of -5.20, -5.10, -

5.10, -5.00, -5.00, -4.80, -4.60, -4.50, -4.20 and -3.90 kcal/mol and 

showed interactions within the binding pocket of target protein, 

peptidoglycan hexamuropeptide (PDB ID: 2MTZ) especially in the 

area where Azalomycin F binds. The binding interactions between 

phytochemicals from E. sativa and Azalomycin F are similar against 

the target protein peptidoglycan hexamuropeptide (PDB ID: 2MTZ) 

in Gram-positive bacteria (37). Molecular docking studies showed 

various significant interactions between the phytochemical 

compounds and the target protein peptidoglycan hexamuropeptide 

(PDB ID: 2MTZ) in Fig. 3 (38). The molecular docking assessments of 

 

Fig. 1. Optimal compound selection: Balancing ADMET and bioactivity. This histogram demonstrates how compounds from Eruca sativa are 
enhanced by combining ADMET analysis with bioactivity assessment. 
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Pubchem ID Compound name MW LogP nHA nHD nRot PSA 

10121947 Quercetin 3,7-diglucoside 626.15 -0.8 17 11 7 289.66 

11005 Myristic acid 852.34 2.79 19 11 22 315.96 

985 Palmitic acid 256.24 6.732 2 1 14 37.3 

5281 Stearic acid 284.27 7.571 2 1 16 37.4 

5280450 Linoleic acid 280.24 4.597 2 1 14 37.3 

5280934 Linolenic acid 278.22 3.147 2 1 13 37.2 

5281116 Erucic acid 338.32 7.866 2 1 19 37.4 

445639 Oleic acid 282.26 6.169 2 1 15 37.3 

5281120 β-Linolenyl octadecadienoate 366.35 8.674 2 1 21 37.5 

2266 Cinnamic acid 188.1 1.216 4 2 8 74.6 

5281127 Linoleyl octadecadienoate 282.26 6.83 2 1 15 37.3 

445638 Palmitoleic acid 254.22 5.184 2 1 13 37.3 

5997 Cholesterol 386.35 7.651 1 1 5 20.23 

15227029 β-Sitosterol glucoside 400.33 6.468 2 0 5 34.14 

222284 β-Sitosterol 414.39 8.025 1 1 6 20.23 

5280794 Stigmasterol 412.37 7.5 1 1 5 20.23 

173183 Quercetin 400.37 7.735 1 1 5 20.23 

5281327 Campesterol 398.35 7.238 1 1 4 20.23 

4276 Vanillic acid 192.08 2.665 3 0 3 27.69 

17100 Gallic acid 154.14 3.084 1 1 1 20.23 

10659 Kaempferol 222.09 2.472 4 0 4 36.92 

164888 Isoquercitrin (Quercetin-3-glucoside) 152.12 3.015 1 1 0 20.23 

11142 Catechin 136.13 3.685 0 0 1 0 

5281243 Ferulic acid 568.43 5.678 2 2 10 40.46 

14985 Caffeic acid 430.38 9.852 2 1 12 29.46 

14730338 Quercitrin (Quercetin-3-rhamnoside) 568.43 5.145 2 1 14 37.3 

5280489 Coumaric acid 536.44 7.687 0 0 10 0 

6419725 Vanillin 536.44 7.672 0 0 10 0 

448438 Syringic acid 600.42 4.627 4 2 10 65.52 

5281223 Rosmarinic acid 584.42 5.271 3 2 10 52.99 

5280899 p-Coumaric acid 568.43 5.885 2 2 10 40.46 

5282217 Ellagic acid 462.12 1.183 11 6 5 179.28 

44259083 Quercetin glycoside derivative 462.12 1.183 11 6 5 179.28 

6325460 Hesperetin 610.15 -0.566 16 10 7 269.43 

44259293 Quercetin glycoside derivative 788.2 -2.069 22 14 10 368.81 

5280804 Rutinose 464.1 0.225 12 8 4 210.51 

5280805 Rutin 610.15 -0.038 16 10 6 269.43 

5280863 Quercetin-3-glycoside 286.05 2.656 6 4 1 111.13 

5281672 Luteolin 318.04 1.747 8 6 1 151.59 

5280343 Apigenin 302.04 2.155 7 5 1 131.36 

5281691 Kaempferide 316.06 2.883 7 4 2 120.36 

323 Proline 146.04 1.672 2 0 0 30.21 

3610 Arginine 194.13 3.751 2 2 5 40.46 

10630461 Astragalin (Kaempferol-3-O-glucoside) 114.06 1.817 2 2 0 40.46 

13250 Tannic acid 198.05 1.56 5 3 3 86.99 

21435454 Procyanidin B2 208.15 4.182 2 2 5 40.46 

9601115 Coumarin 425.05 -1.043 11 6 7 186.34 

Table 2. Physicochemical properties and bioavailability properties of phytochemical compounds 

nHA: number of hydrogen bond acceptors; nHD: number of hydrogen bond donors; nRot: number of rotatable bonds; PSA: polar surface area 
(specifically, TPSA: total polar surface area). 
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 Table 3. ADMET properties of compounds 

Pubchem ID Compound name LogS BBB CYP2D6-sub PPB Absorption Hepatotoxicity 

10121947 Quercetin 3,7-diglucoside -3.53 0.09 0.13 80.28 0.86 inactive 

11005 Myristic acid -4.21 0.05 0.1 96.33 0.94 inactive 

985 Palmitic acid -5.22 0.06 0.05 98.95 0 inactive 

5281 Stearic acid -5.87 0.02 0.04 99.21 0 inactive 

5280450 Linoleic acid -3.19 0 0.86 98.7 0 active 

5280934 β-Linolenic acid -3.14 0 0.92 98.89 0 active 

5281116 Erucic acid -3.11 0 0.11 100 0 inactive 

445639 Oleic acid -3.3 0.02 0.2 99.08 0 inactive 

5281120 β-Linolenyl 
octadecadienoate 

-3.19 0 0.09 100 0 inactive 

2266 Cinnamic acid -1.49 0.04 0.1 83.88 0 active 

5281127 Linoleyl 
octadecadienoate 

-4.62 0.02 0.1 99.94 0 active 

445638 Palmitoleic acid -3.38 0.04 0.29 98.32 0 inactive 

5997 Cholesterol -6.77 0.34 0.3 94.6 0 active 

15227029 β-Sitosterol glucoside -5.21 0.38 0.15 93.19 0 active 

222284 尾-Sitosterol -6.87 0.13 0.34 93.38 0 active 

5280794 Stigmasterol -6.73 0.17 0.59 88.12 0 active 

173183 Quercetin -6.75 0.23 0.44 93.93 0 active 

5281327 Campesterol -6.69 0.17 0.36 89.4 0 active 

4276 Vanillic acid -3.24 0.37 0.92 91.93 0 inactive 

17100 Gallic acid -2.18 0.98 0.31 89.87 0 inactive 

10659 Kaempferol -2.88 0.36 0.92 89.01 0 inactive 

164888 
Isoquercitrin (Quercetin-

3-O-glucoside) -2.04 0.75 0.53 58.42 0 inactive 

11142 Catechin -4.2 0.96 0.65 89.57 0 inactive 

5281243 Ferulic acid -5.01 0 0.97 102.16 0 active 

14985 Caffeic acid -6.99 0.91 0.23 101.19 0 active 

14730338 Quercitrin (Quercetin-3-O
-rhamnoside) 

-4.95 0 0.98 104.78 0 active 

5280489 p-Coumaric acid -5.02 0 0.99 105.82 0 active 

6419725 Vanillin -4.89 0 0.98 105.63 0 inactive 

448438 Syringic acid -4.49 0.95 0.94 100 0 inactive 

5281223 Rosmarinic acid -5.05 0.11 0.96 101.17 0 active 

5280899 p-Coumaric acid -5.26 0.6 0.98 102.05 0 active 

5282217 Ellagic acid -3.81 0.67 0.26 84.79 0.5 inactive 

44259083 Quercetin glycoside 
derivative 

-3.81 0 0.26 84.79 0.5 active 

6325460 Hesperetin -3.63 0 0.13 77.64 0.8 active 

44259293 Quercetin glycoside 
derivative 

-2.36 0 0.1 55.3 0 active 

5280804 Rutinose -4.03 0.5 0.16 89.48 0 active 

5280805 
Rutin (Quercetin-3-

rutinoside) -3.74 0.5 0.12 87.11 0.8 active 

5280863 Quercetin-3-O-glycoside -3.62 0 0.28 97.86 0 active 

5281672 Luteolin -3.66 0.6 0.16 92.76 0 inactive 

5280343 Apigenin -3.67 0.4 0.2 95.49 0 inactive 

5281691 Kaempferide -3.71 0.8 0.3 96.3 0 active 

323 Proline -2.01 0 0.63 87.26 0 inactive 

3610 Arginine -2.72 0.7 0.88 95.21 0 inactive 

10630461 
Astragalin (Kaempferol-3-

O-glucoside) -2.39 0 0.59 83.04 0.6 inactive 

13250 Tannic acid -1.4 0.9 0.2 90.28 0 inactive 

21435454 Procyanidin B2 -3.06 0.19 0.67 95.39 0 active 

9601115 Coumarin -0.25 0.02 0.11 91.57 0.9 active 

PPB: plasma blood barrier; BBB: blood brain barrier. 
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Fig. 2. ADMET profile: Correlation between 2D polar surface area (PSA_2D) and octanol-water partition coefficient (AlogP98) for components 
of Eruca  sativa. 

Pubchem ID Compound name Predicted target1 Predicted target2 Predicted target3 

10121947 Quercetin 3,7-diglucoside NADPH oxidase 4 Carbonic anhydrase II Carbonic anhydrase VII 

11005 Myristic acid Peroxisome proliferator-activated 
receptor alpha 

Fatty acid binding protein 
muscle 

11-beta-hydroxysteroid 
dehydrogenase 1 

985 Palmitic acid Peroxisome proliferator-activated 
receptor alpha 

Fatty acid binding protein 
muscle 

Peroxisome proliferator-
activated receptor delta 

5281 Stearic acid Peroxisome proliferator-activated 
receptor alpha 

Fatty acid binding protein 
muscle 

Peroxisome proliferator-
activated receptor delta 

5280450 Linoleic acid 
Peroxisome proliferator-activated 

receptor alpha 
Fatty acid binding protein 

muscle 
Peroxisome proliferator-

activated receptor gamma 

5280934 β-Linolenic acid 
Peroxisome proliferator-activated 

receptor alpha 
Cyclooxygenase-1 

Peroxisome proliferator-
activated receptor gamma 

5281116 Erucic acid 
Peroxisome proliferator-activated 

receptor alpha 
Peroxisome proliferator-
activated receptor delta 

Peroxisome proliferator-
activated receptor gamma 

445639 Oleic acid 
Peroxisome proliferator-activated 

receptor alpha 
Fatty acid binding protein 

adipocyte 
Peroxisome proliferator-

activated receptor gamma 

5281120 β-Linolenyl 
octadecadienoate 

Peroxisome proliferator-activated 
receptor alpha 

Peroxisome proliferator-
activated receptor delta 

Peroxisome proliferator-
activated receptor gamma 

2266 Cinnamic acid Peroxisome proliferator-activated 
receptor alpha 

Fatty acid binding protein 
adipocyte 

Peroxisome proliferator-
activated receptor delta 

5281127 
Linoleyl 

octadecadienoate 
Peroxisome proliferator-activated 

receptor alpha 
Peroxisome proliferator-
activated receptor delta 

Peroxisome proliferator-
activated receptor gamma 

445638 Palmitoleic acid Niemann-Pick C1-like protein 1 Nuclear receptor ROR-gamma LXR-alpha 

5997 Cholesterol Cytochrome P450 19A1 Cyclooxygenase-1 Cathepsin D 

15227029 β-Sitosterol glucoside Niemann-Pick C1-like protein 1 Nuclear receptor ROR-gamma LXR-alpha 

222284 β-Sitosterol Niemann-Pick C1-like protein 1 Nuclear receptor ROR-gamma LXR-alpha 

5280794 Stigmasterol Niemann-Pick C1-like protein 1 Nuclear receptor ROR-gamma LXR-alpha 

173183 Quercetin Niemann-Pick C1-like protein 1 Nuclear receptor ROR-gamma LXR-alpha 

5281327 Campesterol Cyclin-dependent kinase 5/CDK5 
activator 1 

Cyclin-dependent kinase 2/
cyclin A 

CDK9/cyclin T1 

4276 Vanillic acid Androgen Receptor Cytochrome P450 19A1 Carbonic anhydrase II 

17100 Gallic acid Cyclin-dependent kinase 5/CDK5 
activator 1 

Cyclin-dependent kinase 2/
cyclin A 

CDK9/cyclin T1 

Table 4. Target identification of phytochemical compounds 
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 10659 Kaempferol Androgen Receptor Carbonic anhydrase II Carbonic anhydrase I 

164888 Isoquercitrin (Quercetin-3-
O-glucoside) 

Androgen Receptor Cytochrome P450 19A1 Estrogen receptor alpha 

11142 Catechin Androgen Receptor Vitamin D receptor Protein-tyrosine phosphatase 1B 

5281243 Ferulic acid PH domain leucine-rich repeat-
containing protein phosphatase 1 

Serine/threonine-protein 
kinase ILK-1 

Serine/threonine-protein kinase 
AKT 

14985 Caffeic acid Androgen Receptor Glucocorticoid receptor Cyclooxygenase-1 

14730338 Quercitrin (Quercetin-3-O-
rhamnoside) 

Plasma retinol-binding protein no no 

5280489 p-Coumaric acid Adenosine A1 receptor Adenosine A2a receptor Adenosine A3 receptor 

6419725 Vanillin Vitamin D receptor no no 

448438 Syringic acid Vitamin D receptor Arachidonate 5-lipoxygenase Interleukin-8 receptor A 

5281223 Rosmarinic acid Androgen Receptor Protein-tyrosine phosphatase 
1B 

LXR-alpha 

5280899 p-Coumaric acid Isocitrate dehydrogenase [NADP] 
cytoplasmic 

no no 

5282217 Ellagic acid Aldose reductase (by homology) Carbonic anhydrase II Carbonic anhydrase VII 

44259083 Quercetin glycoside 
derivative 

Aldose reductase (by homology) Carbonic anhydrase II Carbonic anhydrase VII 

6325460 Hesperetin NADPH oxidase 4 Carbonic anhydrase II Carbonic anhydrase VII 

44259293 Quercetin glycoside 
derivative 

NADPH oxidase 4 Carbonic anhydrase II Carbonic anhydrase VII 

5280804 Rutinose Aldose reductase (by homology) Carbonic anhydrase II Carbonic anhydrase VII 

5280805 Rutin (Quercetin-3-
rutinoside) 

Neuromedin-U receptor 2 Alpha-2a adrenergic receptor Adrenergic receptor alpha-2 

5280863 Quercetin-3-O-glycoside Aldose reductase (by homology) Carbonic anhydrase II Carbonic anhydrase VII 

5281672 Luteolin Lysine-specific demethylase 4D-
like 

G-protein coupled receptor 35 Tyrosine-protein kinase receptor 
FLT3 

5280343 Apigenin Aldose reductase (by homology) NADPH oxidase 4 Tyrosine-protein kinase receptor 
FLT3 

5281691 Kaempferide Aldose reductase (by homology) NADPH oxidase 4 Epidermal growth factor receptor 
erbB1 

323 Proline Carbonic anhydrase I Carbonic anhydrase II Carbonic anhydrase VII 

3610 Arginine Tyrosinase Arachidonate 5-lipoxygenase Estrogen receptor alpha 

10630461 Astragalin (Kaempferol-3-O
-glucoside) 

Carbonic anhydrase VB Carbonic anhydrase II Carbonic anhydrase VII 

13250 Tannic acid Squalene monooxygenase (by 
homology) 

Carbonic anhydrase II Carbonic anhydrase VII 

21435454 Procyanidin B2 DNA polymerase beta (by 
homology) 

Arachidonate 5-lipoxygenase Insulin-like growth factor I 
receptor 

9601115 Coumarin 
Inosine-5'-monophosphate 

dehydrogenase 1 
Inosine-5'-monophosphate 

dehydrogenase 2 
Beta-galactoside alpha-2,6-

sialyltransferase 1 
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the top ten phytochemicals against peptidoglycan 

hexamuropeptide (PDB ID: 2MTZ) uncovered numerous important 

interactions within the binding position (39). Phytochemical 

compound CID 164888 demonstrated the most favorable binding 

energy of (-5.20 kcal/mol), forming a hydrogen bond with ILE57 at 

2.23 Å along with a pi–alkyl interaction with HIS126. Phytochemical 

compound CID 17100 exhibited a binding energy of (-5.10 kcal/mol), 

showing 3 pi–alkyl interactions with PHE111 (4.93 Å), TRP115 (4.10 Å) 

and HIS126 (3.72 Å), as well as a hydrogen bond with ARG23 (3.16 Å). 

Phytochemical compound CID 5280450 also had a binding affinity of 

-5.10 kcal/mol, which involved pi-alkyl interactions with residues 

TYR7 (4.97 Å) and hydrogen bonds with TYR99 (3.07 Å), THR6 (2.22 Å) 

and GLN8 (3.09 Å), in addition to extensive pi-alkyl and alkyl 

interactions with hydrophobic residues such as PHE98 (4.58 Å), 

HIS122 (4.89 Å), LYS120 (4.07 Å), TYR123 (5.23 Å) and ILE89 (5.07 Å). 

Phytochemical compound CID 11142, with a binding affinity of (5.00 

kcal/mol), formed alkyl interactions with HIS126 (3.58 Å) and a pi-

alkyl interaction with TRP115 (3.83 Å). Phytochemical compound 

CID 4276 showed a binding affinity of (-5.00 kcal/mol), interacting 

through pi-pi stacking with TRP115 (4.03 Å), alongside pi–alkyl 

contacts with HIS126 (4.67 Å) and PHE111 (4.83 Å) and a pi–sulfur 

interaction with CYS142 (5.74 Å). Phytochemical compound CID 

3610 had a binding affinity of (-4.80 kcal/mol), characterized by 

hydrogen bonding with LYS140 (4.39 Å) and pi-donor interactions 

with ARG144 (4.50 Å) and CYS142 (5.01 Å) and was also engaged in 

alkyl and pi–alkyl interactions with HIS126 (5.50 Å), TRP115 (6.20 Å) 

and PHE111 (5.58 Å). Lastly, phytochemical compound 2266 

exhibited a binding affinity of (-4.60 kcal/mol) and formed a pi-alkyl 

interaction with TYR99 (3.07 Å) as well as 3 hydrogen bonds with 

GLU97 (2.02 Å), PHE98 (4.80 Å) and THR95 (2.46 Å). The 

 

G H 

I J 

Fig. 3. Molecular docking of the top ten most active phytochemical compounds found in the active site of peptidoglycan hexamuropeptide 
(PDB ID: 2MTZ). The ligands are shown using a ball-and-stick model, appropriately placed within the active site of peptidoglycan 

hexamuropeptide (PDB ID: 2MTZ), whereas essential residues of the binding site are displayed as sticks. PubChem CIDs, consisting of the 
highest positions on a surface in the catalytic site (A)985, (B)2266, (C)3610, (D)4276, (E)11142, (F)17100, (G)164888, (H)5280450, (I)5280934 and 

(J)10630461.Green dashed lines represent hydrogen bonds, pink dashed lines denote hydrophobic interactions and purple dashed lines 

indicate additional non-covalent interactions (e.g., π–π stacking or electrostatic interactions), contributing to the overall binding affinity. 
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phytochemical compound CID 5280934 exhibited a binding affinity 

of (-4.50 kcal/mol), establishing hydrogen bonds with GLN8 (3.08 Å), 

THR6 (2.17 Å) and THR99 (2.89 Å), along with hydrophobic 

interactions such as an alkyl contact with LYS10 (4.87 Å) and a pi-

alkyl interaction with PHE98 (4.38 Å). The phytochemical compound 

CID 10630461 displayed a binding affinity of -4.20 kcal/mol and 

formed hydrogen bonds with ASN76 (4.59 Å) and ILE57 (5.18 Å). With 

the lowest binding affinity (-3.90 kcal/mol), phytochemical 

compound CID 985 established several stabilizing hydrogen bonds 

with THR95 (2.89 Å), PRO94 (3.65 Å) and GLY96 (3.10 Å), in addition to 

pi-alkyl interactions with PHE98 (5.16 Å), TYR99 (4.34 Å), TYR7 (4.85 Å) 

and an alkyl interaction with LYS10 (4.49 Å), complemented by a pi-

donor interaction with GLU97 (2.15 Å). The residues PHE98, PHE111, 

TRP115, HIS126, TYR99, GLU97, THR95, ILE57 and GLN8 emerged as 

primary interaction points for many phytochemical compounds, 

highlighting their critical role in stabilizing ligand binding within the 

active site (40). Hydrophobic contacts such as pi-alkyl and alkyl 

interactions with PHE98, PHE111, TRP115 and HIS126 assist the 

fitting of phytochemical compounds within the binding pockets, 

thereby improving their inhibitory potency (41). Hydrogen bonds 

interaction with residues such as THR95, GLU97, GLN8, TYR99 and 

ILE57 play an important role in molecular docking interactions with 

high binding affinity and constitute them essential targets for the 

development of effective inhibitors for antibacterial activity in Gram-

positive bacteria (42). Hydrophobic and π-stacking interactions of 

residues such as ILE, PHE, TRP, TYR and HIS stabilize the binding of 

phytochemical compounds, other residue such as ARG, GLU and 

ASN takes part in hydrogen bonds that promote binding affinity (43). 

Among all phytochemical PubChem id 164888 showed the strongest 

binding affinity (-5.20 kcal/mol), utilized as the reference (Azalomycin 

F) against bacterial activity in Gram-positive bacteria (44). 

Phytochemical compounds CID 17100 and 5280450 exhibited 

identical binding (-5.10 kcal/mol; ΔΔG = 0.1), suggesting comparable 

inhibitory potency (45). Phytochemical compounds CID 11142 and 

4276 also displayed very similar binding strength (-5.00 kcal/mol; 

ΔΔG = 0.2). Average binding affinity was discovered for 

phytochemical compounds CID 3610, 2266 and 5280934 (ΔΔG =      

0.4-.7), while phytochemical compound CID 10630461 gave a lower 

binding affinity (-4.20 kcal/mol). The lowest binding affinity was listed 

for phytochemical compound CID 985 (-3.90 kcal/mol; ΔΔG = 1.3) 

which shows as the weakest binder. In summary, the top 10 

phytochemical compounds showed comparable binding affinities, 

with small ΔΔG values related to stability and expected antibacterial 

activity in Gram-positive bacteria (46). 

 

Discussion   

The expected bioactivities of some phytochemical PubChem IDs 
11005, 985, 5281, 2266 and 323, show negative scores in all 6 classes 

exhibiting minimum biological activity (47). Some phytochemical 

compounds PubChem IDs 5281120, 5281116 and 5280450 showed 

moderate biological activity. Some phytochemical PubChem IDs 

5997, 15227029, 222284, 5280794, 173183, 5281327, 5281243, 

14730338, 44259083, 5280863, 5281691, 21435454 and 162248197, 

exhibit positive scores indicating strong biological activity (0.45–

0.70), as detailed in Table 1 and Fig. 1. From the ADMET and 

physicochemical evaluations of these total no of 47 phytochemicals, 

the top 10 identified by PubChem IDs 164888, 17100, 11142, 323, 

3610, 10630461, 13250, 10659, 5280863 and 5280343 showcased the 

most favorable drug-likeness profiles and pharmacokinetic potential 

for antibacterial drug discovery targeting MDR Gram-positive 

bacteria, as shown in Table 2 and Fig. 2 (48). Phytochemical 

PubChem IDs 5997, 15227029, 222284, 5280794, 173183, 5281327, 

5281243, 14985, 14730338, 5280489, 5281223, 5280899, 44259083, 

6325460, 5280804, 5280863, 5281691, 21435454 and 9601115 were 

assessed as non-hepatotoxic, displayed high human intestinal 

absorption (HIA = 1) and presented favorable plasma protein 

binding, low probabilities as CYP2D6 substrates,  low LogS, poor BBB 

penetration, or excessively high PPB were deprioritized, as indicated 

in Table 3 (49, 50).  

 In Table 4, predicted targets reveal that certain 
phytochemical PubChem IDs 10121947, 6325460 and 44259293, 

have significant interactions with NADPH oxidase 4 and Carbonic 

anhydrases II/VII, indicating potential roles in antioxidant and anti-

inflammatory activities. Some Phytochemical PubChem IDs 11005, 

985, 5281, 5280450 and 5281116, are related to PPAR-α, PPAR-δ and 

PPAR-γ & fatty acid-binding proteins, proposing their role in lipid 

metabolism and immune response (51). Phytochemicals from E. 

sativa show multi-target protein interactions and play an important 

role in biological effects such as oxidative, metabolic, inflammatory 

and hormonal pathways (52).   

 In Table 5 and Fig. 3, it is shown that the top 10 

phytochemical compounds may show strong antibacterial activity 

by efficaciously targeting the peptidoglycan hexamuropeptide 

binding site (53). Phytochemical PubChem ID 164888 with highest 

binding affinity shows stabilizing hydrogen bonds and hydrophobic 

interactions with important residues such as ILE57 and HIS126, 

proposing efficient hindrance with peptidoglycan 

hexamuropeptide. Some phytochemical PubChem IDs 17100, 

5280450, 11142 and 4276, interact with residues like TRP115, 

PHE111 and TYR99, which may block the cross-linking of Gram-

positive bacterial cell wall (54). Some phytochemical compounds 

show lower binding affinities and weaker interactions, associated 

with decreased inhibitory potency (55). In Table 6 phytochemical 

compound   PubChem ID 164888 Isoquercitrin (Quercetin-3-O-

glucoside) as the primary candidate, show the strongest binding 

affinity (-5.20 kcal/mol) and serves as Azalomycin (ΔΔG = 0). Other 

phytochemical PubChem IDs 17100(Gallic acid) and 5280450

(Linoleic acid), have binding affinities aligned at -5.10 kcal/mol (ΔΔG 

= 0.1), showing same interaction force (56). Phytochemical 

PubChem IDs 11142(Gallic acid) and 4276 (Vanillic acid) showed 

binding affinities (-5.00 kcal/mol) and some phytochemical 

PubChem IDs  3610, 2266, 5280934 and 10630461, showed average 

binding affinities (57). The weakest binding affinity was listed for 

PubChem ID 985 (-3.90 kcal/mol), with highest ΔΔG value (1.3 kcal/

mol). This study depends entirely on in silico analyses to predict the 

antibacterial potential of desert medicinal plant E. sativa  

phytochemicals against Gram-positive bacterial resistance. 

Molecular docking  studies gives an insights of phytochemical-target 

protein molecular interactions and computational predictions may 

not precisely show biological activity. such as bioavailability, ADMET 

and pharmacokinetic properties were not experimentally 

calculated. The lack of in vitro and in vivo findings raising the demand 

for lab experimental investigation to support these results.  

  



SABIHA ET AL  12     

https://plantsciencetoday.online 

 Table 5. Intra-molecular interactions defined by the phytochemical compounds with target protein peptidoglycan hexamuropeptide (PDB ID: 2MTZ) 

Pubchem ID Compound Name 
Binding Score   

(kcal/mol) 
Interacting Group(s) Intramolecular Interaction(s) Distance (Å) 

164888 
Isoquercitrin (Quercetin-3-O-

glucoside) −5.20 
Hydrogen Bond ILE 57 2.23 

Pi-alkyl HIS 126 4.02 

17100 Gallic acid −5.10 

Pi-alkyl PHE 111 4.93 

Pi-alkyl TRP 115 4.1 

Pi-alkyl HIS 126 3.72 

Hydrogen Bond ARG 23 3.16 

5280450 Linoleic acid −5.10 

Alkyl TYR 7 4.97 

Hydrogen Bond TYR 99 3.07 

Hydrogen Bond THR 6 2.22 

Hydrogen Bond GLN 8 3.09 

Pi-alkyl PHE 98 4.58 

Pi-alkyl HIS 122 4.89 

Alkyl LYS 120 4.07 

Pi-alkyl TYR 123 5.23 

Alkyl ILE 89 5.07 

11142 Catechin −5.00 
Alkyl HIS 126 3.58 

Pi-alkyl TRP 115 3.83 

4276 Vanillic acid −5.00 

Pi-Pi Bond TRP 115 4.03 

Pi-alkyl HIS 126 4.67 

Pi-Sulfur CYS 142 5.74 

Pi-alkyl PHE 111 4.83 

3610 Arginine −4.80 

Hydrogen Bond LYS 140 4.39 

Pi-donor ARG144 4.5 

Pi-donor CYS 142 5.01 

Alkyl HIS 126 5.5 

Pi-alkyl TRP 115 6.2 

Pi-alkyl PHE 111 5.58 

2266 Cinnamic acid −4.60 

Pi-alkyl TYR 99 3.07 

Hydrogen Bond GLU 97 2.02 

Hydrogen Bond PHE 98 4.8 

Hydrogen Bond THR 95 2.46 

5280934 β-Linolenic acid −4.50 

Hydrogen Bond GLN 8 3.08 

Hydrogen Bond THR 6 2.17 

Hydrogen Bond THR 99 2.89 

Alkyl LYS 10 4.87 

Pi-alkyl PHE 98 4.38 

10630461 
Astragalin (Kaempferol-3-O-

glucoside) −4.20 
Hydrogen Bond ASN 76 4.59 

Hydrogen Bond ILE 57 5.18 

985 Palmitic acid −3.90 

Hydrogen Bond THR 95 2.89 

Hydrogen Bond PRO 94 3.65 

Hydrogen Bond GLY 96 3.1 

Pi-alkyl PHE 98 5.16 

Pi-alkyl TYR 99 4.34 

Pi-alkyl TYR 7 4.85 

Alkyl LYS 10 4.49 

Pi-donor GLU 97 2.15 
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Conclusion  

This research has identified some promising phytochemicals with 
antibacterial activities through bioactivity prediction, ADMET 

profiling, target identification and molecular docking. Among all the 

screened phytochemical from E.  sativa, PubChem IDs 164888

(Isoquercitrin (Quercetin-3-O-glucoside)), 17100(Gallic acid), 5280450

(Linoleic acid) and 11142(Catechin) show the most favorable drug-

like properties, multi-target prediction and stable interactions with 

essential residues within the target peptidoglycan hexamuropeptide 

(PDB ID: 2MTZ) binding site. Phytochemical compound Isoquercitrin 

(Quercetin-3-O-glucoside) PubChem ID 164888 showed the highest 

binding affinity and most significant molecular interactions with 

target protein, making it the main candidate for in vitro studies and 

helping their improvement toward the drug development process. 

In silico analysis assists in the potential of these phytochemical 

compounds derived from E. sativa as promising candidates for 

developing novel antibacterial agents against Gram-positive 

bacteria. 

 

Acknowledgements  

The authors would like to thank Sanskriti University, Mathura, for 
providing the necessary facilities to carry out this work. The authors 

also acknowledge the University of Hail, Saudi Arabia, for their 

academic support. 

 

Authors' contributions 

SN conducted experimental work and collected the data. AK 

supervised the project, designed the study and revised the 

manuscript. MS contributed to data analysis and manuscript 

preparation.  All authors read and approved the final manuscript. 

 

Compliance with ethical standards 

Conflict of interest: Authors do not have any conflict of interests 

to declare. 

Ethical issues: None 

 

References 

1. Abd El-Aziz GS, El-Fark MO, Hamdy RM. Protective effect of Eruca 

sativa seed oil against oral nicotine induced testicular damage in 
rats. Tissue and Cell. 2016;48(4):340–8. https://doi.org/10.1016/

j.tice.2016.05.006 

2. Al-Okaily BN. Role of alcoholic extract of roket (Eruca sativa) leaves 

on male reproduction of experimentally induced oxidative stressed 

rats. The Iraqi Journal of Veterinary Medicine. 2015;39(2):47–54. 
https://doi.org/10.30539/iraqijvm.v39i2.177 

3. Alqasoumi S, Al-Sohaibani M, AlHowiriny T, AlYahya M, Rafatullah S. 

Rocket Eruca sativa: A salad herb with potential gastric antiulcer 
activity. World Journal of Gastroenterology. 2009;15(16):1958. 

https://doi.org/10.3748/wjg.15.1958 

4. Al-Rawe SD, Mohammad MA, Abd Al-Bar A, Al-Farha. Effect of adding 
Eruca sativa in common carp on growth criteria, feed utilization and 

chemical composition. Iraqi Journal of Veterinary Sciences. 2022;36
(Suppl 1):107–13. https://doi.org/10.33899/ijvs.2022.135758.2514 

5. Antonious GF, Bomford M, Vincelli P. Screening Brassica species for 

glucosinolate content. Journal of Environmental Science and Health 
Part B. 2009;44(3):311–6. https://doi.org/10.1080/03601230902728476 

6. Ashraf SA, Ahmad Khan M, Awadelkareem AM, Tajuddin S, Ahmad 
MF, Hussain T. GC-MS analysis of commercially available Allium 

sativum and Trigonella foenum-graecum essential oils and their 

antimicrobial activities. Journal of Pure and Applied Microbiology. 
2019;13(4):2545–52. https://doi.org/10.22207/JPAM.13.4.69 

7. Jin J, Koroleva OA, Gibson T, Swanston J, Magan J, Zhang Y, et al. 

Analysis of phytochemical composition and chemoprotective 
capacity of rocket (Eruca sativa and Diplotaxis tenuifolia) leafy salad 

following cultivation in different environments. Journal of 
Agricultural and Food Chemistry. 2009;57(12):5227–34. https://

doi.org/10.1021/jf9002973 

8. Ashraf SA, Al-Shammari E, Hussain T, Tajuddin S, Panda BP. In vitro 
antimicrobial activity and identification of bioactive components 

using GC-MS of commercially available essential oils in Saudi 
Arabia. Journal of Food Science and Technology. 2017;54(12):3948–

58. https://doi.org/10.1007/s13197-017-2859-2 

9. Awadelkareem AM, Al-Shammari E, Elkhalifa AEO, Adnan M, 
Siddiqui AJ, Snoussi M, et al. Phytochemical and in silico ADME/Tox 

analysis of Eruca sativa extract with antioxidant, antibacterial and 
anticancer potential against Caco-2 and HCT-116 colorectal 

carcinoma cell lines. Molecules. 2022;27(4):1409. https://
doi.org/10.3390/molecules27041409 

10. Az-Zahra FR, Sari NLW, Saputry R, Nugroho GD, Pribadi T, Sunarto S, 
et al. Traditional knowledge of the Dayak tribes (Borneo) in the use 
of medicinal plants. Biodiversitas Journal of Biological Diversity. 

2021;22(10). https://doi.org/10.13057/biodiv/d221057 

11. Bassyouni RH, Kamel Z, Algameel AA, Ismail G, Gaber SN. In vitro 
determination of antimicrobial activities of Eruca sativa seed oil 

against antibiotic-resistant gram-negative clinical isolates from 
neonates: A future prospect. BMC Complementary Medicine and 

Therapies. 2022;22(1). https://doi.org/10.1186/s12906-022-03710-1 

12. Bozokalfa K, Eşiyok D, Yağmur B. Use of multivariate analysis in 
mineral accumulation of rocket (Eruca sativa) accessions. Genetika. 

2011;43(3):437–48. https://doi.org/10.2298/GENSR1103437B 

13. Chun JH, Mariadhas Valan Arasu, Lim YP, Kim SJ. Variation of major 
glucosinolates in different varieties and lines of rocket salad. 

Horticulture Environment and Biotechnology. 2013;54(3):206–13. 

Table 6. Comparative docking scores of top ten phytochemicals compounds against target protein peptidoglycan hexamuropeptide (PDB ID: 
2MTZ) relative to Azalomycin F 

Pubchem ID Compound name Binding score (kcal/mol) ΔΔG (kcal/mol) 

101916494 Azalomycin (reference) -8.6 0 

17100 Gallic acid -5.10 0.1 

5280450 Linoleic acid -5.10 0.1 

11142 Catechin -5.00 0.2 

4276 Vanillic acid -5.00 0.2 

3610 Arginine -4.80 0.4 

2266 Cinnamic acid -4.60 0.6 

5280934 β-Linolenic acid -4.50 0.7 

10630461 Astragalin (Kaempferol-3-O-glucoside) -4.20 1 

985 Palmitic acid -3.90 1.3 

https://doi.org/10.1016/j.tice.2016.05.006
https://doi.org/10.1016/j.tice.2016.05.006
https://doi.org/10.30539/iraqijvm.v39i2.177
https://doi.org/10.3748/wjg.15.1958
https://doi.org/10.33899/ijvs.2022.135758.2514
https://doi.org/10.1080/03601230902728476
https://doi.org/10.22207/JPAM.13.4.69
https://doi.org/10.1021/jf9002973
https://doi.org/10.1021/jf9002973
https://doi.org/10.1007/s13197-017-2859-2
https://doi.org/10.3390/molecules27041409
https://doi.org/10.3390/molecules27041409
https://doi.org/10.13057/biodiv/d221057
https://doi.org/10.1186/s12906-022-03710-1
https://doi.org/10.2298/GENSR1103437B


SABIHA ET AL  14     

https://plantsciencetoday.online 

https://doi.org/10.1007/s13580-013-0122-y 

14. Darwish RM, Aburjai TA. Effect of ethnomedicinal plants used in 
folklore medicine in Jordan as antibiotic resistant inhibitors on 

Escherichia coli. BMC Complementary and Alternative Medicine. 
2010;10(1). https://doi.org/10.1186/1472-6882-10-9 

15. De Leonardis W, De Santis C, Fichera G, Padulosi S. Seed and pollen 
study of taxa belonging to the genus Eruca Miller in relation to some 
characters present in species of the genus Diplotaxis DC. 

Taeckholmia. 2002;22(1):177–87. https://doi.org/10.21608/

taec.2002.12440 

16. Grami D, Selmi S, Rtibi K, Sebai H, De Toni L. Emerging role of Eruca 
sativa Mill. in male reproductive health. Nutrients. 2024;16(2):253. 
https://doi.org/10.3390/nu16020253 

17. Divekar PA, Narayana S, Divekar BA, Kumar R, Gadratagi BG, Ray A, 
et al. Plant secondary metabolites as defense tools against 
herbivores for sustainable crop protection. International Journal of 

Molecular Sciences. 2022;23(5):2690. https://doi.org/10.3390/

ijms23052690 

18. Doležalová I, Duchoslav M, Dušek K. Biology and yield of rocket 
(Eruca sativa Mill.) under field conditions of the Czech Republic. 
Notulae Botanicae Horti Agrobotanici Cluj-Napoca. 2013;41(2):530. 

https://doi.org/10.15835/nbha4129281 

19. El-Wakeel MA, El-Desoki ER, Ahmed. Bioherbicidal activity of Eruca 
sativa fresh shoot aqueous extract for the management of two 

annual weeds associating Pisum sativum plants. Bulletin of the 

National Research Centre. 2019;43(1). https://doi.org/10.1186/
s42269-019-0130-x 

20. Fahey JW, Zalcmann AT, Talalay P. The chemical diversity and 
distribution of glucosinolates and isothiocyanates among plants. 

Phytochemistry. 2001;56(1):5–51. https://doi.org/10.1016/S0031-

9422(00)00316-2 

21. Górniak I, Bartoszewski R, Króliczewski J. Comprehensive review of 
antimicrobial activities of plant flavonoids. Phytochemistry 

Reviews. 2018;18(1):241–72. https://doi.org/10.1007/s11101-018-
9591-z 

22. Hall M, Jobling J, Rogers G. Some perspectives on rocket as a 
vegetable crop: A review. Vegetable Crops Research Bulletin. 

2012;76(1). https://doi.org/10.2478/v10032-012-0002-5 

23. Hassan HF, Meligi NM. Effects of sublethal abamectin exposure on 
some hormonal profiles and testicular histopathology in male 

albino rats and the possible ameliorative role of Eruca sativa. 

Environmental Science and Pollution Research. 2017;24(31):24690–
7. https://doi.org/10.1007/s11356-017-0112-1 

24. Heimler D, Isolani L, Vignolini P, Tombelli S, Romani A. Polyphenol 
content and antioxidative activity in some species of freshly 

consumed salads. Journal of Agricultural and Food Chemistry. 

2007;55(5):1724–9. https://doi.org/10.1021/jf0628983 

25. Hussein ZF. Study the effect of Eruca sativa leaves extract on male 
fertility in albino mice. Journal of Al-Nahrain University Science. 

2013;16(1):143–6. https://doi.org/10.22401/JNUS.16.1.21 

26. Orhan IE, Kartal M, Sekeroglu N, Esiyok D, Sener B, Ugur A, et al. 
Variations in fatty acid compositions of the seed oil of Eruca sativa 
Mill. caused by different sowing periods and nitrogen forms. 

Pharmacognosy Magazine. 2010;6(24):305. https://

doi.org/10.4103/0973-1296.71801 

27. Jarada TN, Rokne JG, Alhajj R. A review of computational drug 
repositioning: Strategies, approaches, opportunities, challenges 

and directions. Journal of Cheminformatics. 2020;12(1). https://
doi.org/10.1186/s13321-020-00450-7 

28. Jin J, Koroleva OA, Gibson T, Swanston J, Magan J, Zhang Y, et al. 
Analysis of phytochemical composition and chemoprotective 

capacity of rocket (Eruca sativa and Diplotaxis tenuifolia) leafy salad 

following cultivation in different environments. Journal of 
Agricultural and Food Chemistry. 2009;57(12):5227–34. https://

doi.org/10.1021/jf9002973 

29. Jirovetz L, Smith D, Buchbauer G. Aroma compound analysis of 

Eruca sativa (Brassicaceae) SPME headspace leaf samples using GC, 
GC-MS and olfactometry. Journal of Agricultural and Food 

Chemistry. 2002;50(16):4643–6. https://doi.org/10.1021/jf020129n 

30. Narayanasamy K, Ragavan B. Phytochemical and mineral screening 
of Zanthoxylum tetraspermum. 2012;9(1):121–30. https://

doi.org/10.1155/2012/356247 

31. Khoobchandani M, Ganesh N, Gabbanini S, Valgimigli L, Srivastava 
MM. Phytochemical potential of Eruca sativa for inhibition of 

melanoma tumor growth. Fitoterapia. 2011;82(4):647–53. https://
doi.org/10.1016/j.fitote.2011.02.004 

32. Kim B, Choi YE, Kim HS. Eruca sativa and its flavonoid components, 
quercetin and isorhamnetin, improve skin barrier function by 

activation of peroxisome proliferator-activated receptor (PPAR)-α 

and suppression of inflammatory cytokines. Phytotherapy 

Research. 2014;28(9):1359–66. https://doi.org/10.1002/ptr.5138 

33. Kitchen DB, Decornez H, Furr JR, Bajorath J. Docking and scoring in 
virtual screening for drug discovery: Methods and applications. 

Nature Reviews Drug Discovery. 2004;3(11):935–49. https://
doi.org/10.1038/nrd1549 

34. Latif S, Latif A, Waheed W, Shankar A, Balaji J, Imran A, et al. Effect of 

intelligent controlled release antimicrobial packaging in food 
preservation. Food Production Processing and Nutrition. 2025;7(1). 

https://doi.org/10.1186/s43014-025-00309-0 

35. Miyazawa M, Maehara T, Kurose K. Composition of the essential oil 
from the leaves of Eruca sativa. Flavour and Fragrance Journal. 

2002;17(3):187–90. https://doi.org/10.1002/ffj.1079 

36. Mohanraj K, Karthikeyan BS, Vivek-Ananth RP, Chand RPB, Aparna 
SR, Mangalapandi P, et al. IMPPAT: A curated database of Indian 

medicinal plants, phytochemistry and therapeutics. Scientific 
Reports. 2018;8(1):4329. https://doi.org/10.1038/s41598-018-22631-z 

37. Mona MA. The potential of Moringa oleifera extract as a biostimulant 

in enhancing the growth, biochemical and hormonal contents in 
rocket (Eruca vesicaria subsp. sativa) plants. International Journal 

of Plant Physiology and Biochemistry. 2013;5(3):42–9. https://
doi.org/10.5897/IJPPB2012.026 

38. Naaz S, Balramnavar VM, Kaur A. Medicinal plant databases: 

Analyzing strengths, weaknesses and innovations for future 
improvements. Life Science Research Communications. 2024;1

(1):31–41. https://doi.org/10.5530/lsrc.1.1.8 

39. O’Boyle NM, Banck M, James CA, Morley C, Vandermeersch T, 
Hutchison GR. Open Babel: An open chemical toolbox. Journal of 

Cheminformatics. 2011;3(1). https://doi.org/10.1186/1758-2946-3-33 

40. Patra JK, Das G, Fraceto LF, Campos EVR, Rodriguez-Torres M del P, 
Acosta-Torres LS, et al. Nano based drug delivery systems: Recent 

developments and future prospects. Journal of Nanobiotechnology. 
2018;16(1). https://doi.org/10.1186/s12951-018-0392-8 

41. Pence HE, Williams A. ChemSpider: An online chemical information 

resource. Journal of Chemical Education. 2010;87(11):1123–4. 
https://doi.org/10.1021/ed100697w 

42. Chinnadurai RK, Ponne S, Chitra L, Kumar R, Thayumanavan P, 

Subramanian B. Pharmacoinformatic approach to identify potential 
phytochemicals against SARS-CoV-2 spike receptor-binding domain 

in native and variants of concern. Molecular Diversity. 2022;27
(6):2741–66. https://doi.org/10.1007/s11030-022-10580-9 

43. Ravi A, Annamalai P, Nandhagopal M, Annamalai A, Shanmugaraj K, 

Elumalai S, et al. Hierarchical NiCo2O4/WO3 nanostructures: 
Synergy in photocatalytic degradation and antimicrobial 

performance. Surfaces and Interfaces. 2025;56:105599. https://
doi.org/10.1016/j.surfin.2024.105599 

44. Rivera RG, Regidor PJS, Ruamero EC Jr, Allanigue EJV, Salinas MV. A 

network pharmacology and molecular docking approach in the 
exploratory investigation of the biological mechanisms of lagundi 

(Vitex negundo L.) compounds against COVID-19. Genomics and 
Informatics. 2023;21(1):e4. https://doi.org/10.5808/gi.22060 

https://plantsciencetoday.online
https://doi.org/10.1007/s13580-013-0122-y
https://doi.org/10.1186/1472-6882-10-9
https://doi.org/10.21608/taec.2002.12440
https://doi.org/10.21608/taec.2002.12440
https://doi.org/10.3390/nu16020253
https://doi.org/10.3390/ijms23052690
https://doi.org/10.3390/ijms23052690
https://doi.org/10.15835/nbha4129281
https://doi.org/10.1186/s42269-019-0130-x
https://doi.org/10.1186/s42269-019-0130-x
https://doi.org/10.1016/S0031-9422(00)00316-2
https://doi.org/10.1016/S0031-9422(00)00316-2
https://doi.org/10.1007/s11101-018-9591-z
https://doi.org/10.1007/s11101-018-9591-z
https://doi.org/10.2478/v10032-012-0002-5
https://doi.org/10.1007/s11356-017-0112-1
https://doi.org/10.1021/jf0628983
https://doi.org/10.22401/JNUS.16.1.21
https://doi.org/10.4103/0973-1296.71801
https://doi.org/10.4103/0973-1296.71801
https://doi.org/10.1186/s13321-020-00450-7
https://doi.org/10.1186/s13321-020-00450-7
https://doi.org/10.1021/jf9002973
https://doi.org/10.1021/jf9002973
https://doi.org/10.1021/jf020129n
https://doi.org/10.1155/2012/356247
https://doi.org/10.1155/2012/356247
https://doi.org/10.1016/j.fitote.2011.02.004
https://doi.org/10.1016/j.fitote.2011.02.004
https://doi.org/10.1002/ptr.5138
https://doi.org/10.1038/nrd1549
https://doi.org/10.1038/nrd1549
https://doi.org/10.1186/s43014-025-00309-0
https://doi.org/10.1002/ffj.1079
https://doi.org/10.1038/s41598-018-22631-z
https://doi.org/10.5897/IJPPB2012.026
https://doi.org/10.5897/IJPPB2012.026
https://doi.org/10.5530/lsrc.1.1.8
https://doi.org/10.1186/1758-2946-3-33
https://doi.org/10.1186/s12951-018-0392-8
https://doi.org/10.1021/ed100697w
https://doi.org/10.1007/s11030-022-10580-9
https://doi.org/10.1016/j.surfin.2024.105599
https://doi.org/10.1016/j.surfin.2024.105599
https://doi.org/10.5808/gi.22060


15 

Plant Science Today, ISSN 2348-1900 (online) 

45. Ryu JY, Park JY, Sung AD, Sung SH. The utilization of traditional 

herbal medicine for treatment in traditional Korean medicine 
clinics. IntechOpen eBooks. 2020. 

46. Jaafar NS, Jaafar IS. Eruca sativa Linn.: Pharmacognostical and 
pharmacological properties and pharmaceutical preparations. 

Asian Journal of Pharmaceutical and Clinical Research. 2019;39–45. 

https://doi.org/10.22159/ajpcr.2019.v12i3.30893 

47. Swathisri S, Raja T, Umabarathi V, Muhilan BM, Ravikumar P. 
Identification of effective phytocompounds from the Indian 

medicinal plants for the treatment of jaundice using in silico 
studies. Journal of Phytopharmacology. 2023;12(2):82–92. https://

doi.org/10.31254/phyto.2023.12204 

48. Saeed M, Naaz S, Tasleem M, Alshammari N, Kaur A, Alam MJ, et al. 
Bridging tradition and innovation: The Hail desert plant database 

for drug discovery. Indian Journal of Pharmaceutical Education and 
Research. 2024;58(2 Suppl):S623–30. https://doi.org/10.5530/

ijper.58.2s.66 

49. Salem MAR, Moustafa NA. Histological and quantitative study of the 
effect of Eruca sativa seed oil on the testis of albino rat. Egyptian 

Journal of Hospital Medicine. 2001;2(1):148–62. https://
doi.org/10.21608/ejhm.2001.18936 

50. Salih TA, Malik SN, Yaseen SM, Jameel ES. Olive (Olea europaea) leaf 

and arugula (Eruca sativa) seed extracts have antibacterial 
properties. Matrix Science Pharma. 2025;9(2):34–7. https://

doi.org/10.4103/mtsp.mtsp_2_24 

51. Saraf S, Kaur CD. Development of photoprotective creams with 
antioxidant polyphenolic herbal extracts. Research Journal of 

Medicinal Plant. 2012;6(1):83–91. https://doi.org/10.3923/
rjmp.2012.83.91 

52. Sujata MP. In vitro study of Eruca sativa Mill. seeds in Kalaburagi 

region, Karnataka, India. Journal of Medicinal Plants Studies. 2021;9
(3):168–70. https://doi.org/10.22271/plants.2021.v9.i3b.1286 

53. Trott O, Olson AJ. AutoDock Vina: Improving the speed and 

accuracy of docking with a new scoring function, efficient 

optimization and multithreading. Journal of Computational 
Chemistry. 2009;31(2). https://doi.org/10.1002/jcc.21334 

54. Vivek-Ananth RP, Mohanraj K, Sahoo AK, Samal A. IMPPAT 2.0: An 
enhanced and expanded phytochemical atlas of Indian medicinal 

plants. ACS Omega. 2023;8(9):8827–45. https://doi.org/10.1021/

acsomega.3c00156 

55. Williams AJ, Pence HE. The future of chemical information is now. 
Chemistry International. 2017;39(3). https://doi.org/10.1515/ci-2017

-0304 

56. Winiwarter S, Ahlberg E, Watson E, Oprisiu I, Mogemark M, Noeske T, 
et al. In silico ADME in drug design – enhancing the impact. ADMET 
and DMPK. 2018;6(1):15. https://doi.org/10.5599/admet.6.1.470 

57. Msomi NZ, Simelane MBC. Herbal medicine. Herbal Medicine. 2019. 
https://doi.org/10.5772/intechopen.72816  

  

Additional information 

Peer review: Publisher  thanks Sectional Editor and the other anonymous 
reviewers for their contribution to the peer review of this work. 

Reprints & permissions information is available at https://
horizonepublishing.com/journals/index.php/PST/open_access_policy 

Publisher’s Note: Horizon e-Publishing Group remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations. 

Indexing: Plant Science Today, published by Horizon e-Publishing Group, is 
covered by Scopus, Web of Science, BIOSIS Previews, Clarivate Analytics, 
NAAS, UGC Care, etc 
See https://horizonepublishing.com/journals/index.php/PST/
indexing_abstracting 

Copyright: © The Author(s). This is an open-access article distributed under 
the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution and reproduction in any medium, provided the 
original author and source are credited (https://creativecommons.org/
licenses/by/4.0/) 

Publisher information:  Plant Science Today is published by HORIZON e-
Publishing Group with support from Empirion Publishers Private Limited, 
Thiruvananthapuram, India. 

https://doi.org/10.22159/ajpcr.2019.v12i3.30893
https://doi.org/10.31254/phyto.2023.12204
https://doi.org/10.31254/phyto.2023.12204
https://doi.org/10.5530/ijper.58.2s.66
https://doi.org/10.5530/ijper.58.2s.66
https://doi.org/10.21608/ejhm.2001.18936
https://doi.org/10.21608/ejhm.2001.18936
https://doi.org/10.4103/mtsp.mtsp_2_24
https://doi.org/10.4103/mtsp.mtsp_2_24
https://doi.org/10.3923/rjmp.2012.83.91
https://doi.org/10.3923/rjmp.2012.83.91
https://doi.org/10.22271/plants.2021.v9.i3b.1286
https://doi.org/10.1002/jcc.21334
https://doi.org/10.1021/acsomega.3c00156
https://doi.org/10.1021/acsomega.3c00156
https://doi.org/10.1515/ci-2017-0304
https://doi.org/10.1515/ci-2017-0304
https://doi.org/10.5599/admet.6.1.470
https://doi.org/10.5772/intechopen.72816
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

