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Abstract: The present study aims to evaluate the pesticidal potential of a series of novel silichristin 

analogues isolated from silybum marianum using in silico approaches, focusing on their effects on the 4-

hydroxyphenylpyruvate dioxygenase (HPPD) and acetylcholinesterase (AChE) receptors. A combinatorial 

library of 729 silichristin derivatives was constructed and virtual screening was performed to evaluate their 

pharmacokinetic and toxicity properties. Molecular docking analyses were performed to assess the binding 

affinity of the most potent candidates with target proteins. Our findings revealed that all selected compounds 

exhibited activity against both HPPD and AChE, with SIL3 and SIL7 demonstrating the lowest binding free 

energies (-8.4 and -7.9 kcal/mol, respectively). Further investigation via molecular dynamic simulation 

indicated that SIL3 and SIL7remained stable within the HPPD and  AChE active sites, with RMSD values 

consistently below 2Å throughout the simulation. Overall, these results suggest that the newly identified 

silichristin derivatives hold promise as anti-pesticide agents. 
 

Keywords: 4-hydroxyphenylpyruvate dioxygenase (HPPD), acetylcholinesterase (AChE), virtual screening, 

binding affinity, RMSD. 

 

1. Introduction 

Silybum marianum, commonly known as milk 

thistle, is a flowering plant native to the 

Mediterranean region but now found in many parts 

of the world. It belongs to the Asteraceae family 

and is characterized by its distinctive spiky leaves 

and purple flowers. The plant has a long history of 

use in traditional medicine, particularly for its 

purported liver-protective properties [1–4]. In 

addition to its hepatoprotective effects, milk thistle 

has also been studied for its potential benefits in 

managing other health conditions, such as diabetes 

[5,6], high cholesterol [7], and certain types of 

cancer [8]. Silybum marianum has been also studied 

for its potential applications in agriculture, 

particularly in the context of herbicides and 

insecticides [9,10]. The active constituents of 

Silybum marianum include silymarin, which is a 
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complex of flavonolignans, including among others 

silichristin extracted primarily from the seeds, 

wherein it is present in a higher concentration than 

other parts of the plant and has shown promise 

pesticidal applications [11,12]. However, more 

research is needed to fully understand the efficacy 

and safety of Silybum marianum as herbicides and 

insecticides.  

4-hydroxyphenylpyruvate dioxygenase (HPPD) is 

an enzyme found in both plants and animals, 

including insects and pets. In insects, HPPD plays 

a crucial role in the biosynthesis of essential 

aromatic amino acids, such as tyrosine and 

phenylalanine, which are vital for growth, 

development, and survival [13,14]. In agricultural 

contexts, HPPD inhibitors are a class of herbicides 

commonly used to control weeds by interfering 

with the activity of HPPD in plants [14]. These 
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inhibitors disrupt the synthesis of essential amino 

acids in targeted plants, leading to their death. 

However, they do not typically affect animals, 

including insects and pets, as the metabolic 

pathways involving HPPD in animals differ from 

those in plants. Recently concerns have been raised 

about potential indirect effects of HPPD inhibitors 

on non-target organisms. For example, in 

agricultural settings, the use of HPPD inhibitors 

may lead to changes in plant composition and 

availability of food sources for insects, potentially 

impacting insect populations and ecological 

interactions. 

Acetylcholinesterase (AChE) plays a crucial role in 

insects, it regulates cholinergic neurotransmission, 

which is vital for proper functioning of the insect 

nervous system [15]. Specifically, AChE catalyzes 

the hydrolysis of the neurotransmitter acetylcholine 

into choline and acetate at cholinergic 

synapses[16,17]. This enzymatic action is 

necessary to terminate the signal transmission at 

these synapses, allowing for precise control over 

insect behavior and physiology. However, the 

significance of AChE in insects goes beyond 

normal neurotransmission. AChE is also the 

primary target of many insecticides, these 

insecticides work by inhibiting AChE activity, 

leading to the accumulation of acetylcholine at 

synaptic junctions [18,19]. The excessive 

stimulation of cholinergic receptors disrupts normal 

nerve function, ultimately resulting in paralysis and 

death of the insect. 

The development of HPPD and AChE inhibitors as 

herbicides and insecticides respectively has been a 

significant area of research in pest control due to 

their effectiveness against a wide range of herb and 

insect species [20,21]. However, their non-selective 

action can also pose risks to non-target organisms 

and the environment [22].  

The pesticidal potential of silichristin has gained 

interest due to the growing demand for sustainable 

pest control solutions. Traditional chemical 

pesticides pose environmental and health risks, 

prompting the search for safer alternatives. 

Harnessing the natural compounds present in plants 

like Silybum marianum offers a promising avenue 

for developing effective and eco-friendly 

pesticides. 

In this context, our study contributes to the ongoing 

efforts in the field of pesticide research by 

identifying novel candidates derived from natural 

sources. By harnessing the bioactive compounds 

present in plants like Silybum marianum, we can 

develop sustainable and eco-friendly solutions for 

pest management, addressing the global challenge 

of pesticide resistance and environmental pollution. 

The present study aims to assess the suitability of 

silichristin analogues as herbicides and insecticides 

through a comprehensive in silico analysis. We 

constructed a combinatorial library of 729 

silichristin analogues and subjected them to virtual 

screening to evaluate their pharmacokinetic and 

toxicity properties. Molecular docking analyses 

were then performed to investigate their binding 

affinity with target receptors, focusing on 4-

hydroxyphenylpyruvate dioxygenase (HPPD) and 

acetylcholinesterase (AChE) receptors, key targets 

for herbicides and insecticides action. Additionally, 

molecular dynamics simulations were employed to 

study the stability and dynamics of the protein-

ligand complexes.  

Our study addresses the urgent need for innovative 

and sustainable pest management strategies by 

exploring the potential of silichristin analogues as 

novel herbicides and insecticides. Through 

advanced computational techniques, we aim to 

identify promising candidates for further 

experimental validation, ultimately contributing to 

the development of safer and more effective herb 

and insect control agents [23–25]. 

 

2. Computational Method 

2.1. Combinatorial library 

We conducted a virtual screening to generate a 

combinatorial library of silichristin analogues using 

SmiLib v2.0 software [26]. A silichristin structure 

served as the scaffold, with functional groups (F, 

OCH3, and CH3) utilized as building blocks 

alongside empty linkers. Following enumeration, 

we generated a total of 729 combinations of 

silichristin molecules. To filter these molecules 

based on their pharmacokinetic and toxicity 

properties, screening tools including SwissADME 

[27]  and pkCSM [28] were employed. 

Pharmacokinetic properties were evaluated for all 

generated silichristin molecules within the human 

context, encompassing aqueous solubility, blood-

brain barrier (BBB) permeability, CYP binding, 

and intestinal absorption.  
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2.2. Screening for pharmacokinetics-toxicity  

We utilized the online tool SwissADME [27], 

provided by the Swiss Institute of Bioinformatics), 

to predict the pharmacokinetics proprieties for the 

generated silichristin analogues. The objective of 

this analysis was to determine whether the 

compounds acted as inhibitors of isoforms of the 

Cytochrome P450 (CYP) family. Additionally, we 

evaluated the pharmacokinetics regarding 

gastrointestinal absorption, P-glycoprotein activity, 

and blood-brain barrier penetration. We also used 

the pkCSM webserver [28] to predict the acute oral 

toxicity in rats LD50 of silichristin and all generated 

analogues. To select the candidate molecules from 

the combinatorial library, we prioritized properties 

critical for assessing their potential impact on 

human health. Specifically, we focused on the acute 

oral toxicity in rats. 

 

2.3. Structural Optimization 

The initial step involved optimizing the geometries 

of the selected silichristin analogues using 

molecular mechanics. Subsequently, a 

comprehensive re-optimization was conducted 

utilizing the DFT/B3LYP method with the 6-

311G++(d,p) basis set, employing the Gaussian 

16W program package [29]. Furthermore, the 3D 

structure of the reference natural pesticide 

silichristin was retrieved from PubChem 

(https://pubchem.ncbi.nlm.nih.gov/) [30]. 

 

2.4. Protein selection 

Crystallized three-dimensional structures of 4-

hydroxyphenylpyruvate dioxygenase (HPPD) and 

acetylcholinesterase (AChE) receptors were 

selected as foundational templates for conducting 

molecular docking. These structures, with PDB 

codes 6J63 [31] and 6xyu [32] respectively, were 

sourced from the Protein Data Bank [33].  

 

2.5. Molecular docking 

Molecular docking simulations were performed 

using the Schrödinger Maestro software [34]. 

Initially, the crystallized 3D protein structures were 

visualized using the Maestro interface and prepared 

using the Protein Preparation Wizard at a pH of 7. 

During this preparation step, water molecules and 

any interfering ligands were meticulously removed 

from the protein structures. Subsequently, the 

Receptor Grid was established to delineate the 

interaction region between the protein and the 

ligand. This was accomplished using the Receptor 

Grid Generation tool in Maestro, defining the area 

around the active site with coordinates (x, y, z). The 

number of grid points along the x, y, and z 

dimensions was set at 10×10×10 for both receptors, 

corresponding to the x, y, and z axes, respectively. 

Docking analysis was conducted using the Glide 

tool within Maestro [35]. The prepared ligands 

were flexibly docked into the active site of the 

target proteins using the Glide SP module, followed 

by extra precision docking with refined ligand 

sampling. Before docking the silichristin ligands, 

docking analysis was initially performed on the co-

crystallized ligand to assess its binding affinity at 

the target protein's active site. The Ligand 

Interaction tool was employed to visualize the 

interaction diagrams of the ligands with the 

residues at the active site of the target protein. The 

number of grid points along the x, y, and z 

dimensions was set respectively at x = 33.05, y = 

67.37, and z = 9,81. 

 

2.6. Molecular dynamics 

Molecular Dynamics (MD) simulations were used 

to assess the stability of protein-ligand complexes 

under physiological conditions. In this 

investigation, MD simulations with a duration 100 

ns were performed on the protein-ligand complexes 

to analyze the behavior of the candidate ligand 

molecule within the binding sites of HPPD and 

AChE enzymes. Throughout the MD simulations, 

various parameters such as Root Mean Square 

Deviation (RMSD), Root Mean Square Fluctuation 

(RMSF), and radius of gyration were monitored 

from the trajectory data. These parameters served 

as critical metrics for evaluating the stability and 

binding affinity of the protein-ligand complexes in 

dynamic environments 

 

3. Results and discussion 

3.1. Virtual screening  

In this study, the scaffold structure presented on 

Figure 1 was used to generate silichristin analogues 

using the functional groups (F, OCH3, and CH3) as 

building blocks alongside empty linkers.  A 

compound library containing 729 silichristin 

analogues was generated. 

All generated molecules underwent a rigorous 

virtual screening process to evaluate their potential 
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suitability as herbicides and insecticides. This 

screening involved a comprehensive assessment of 

toxicity properties using the pkCSM webserver. 

Only molecules exhibiting lower acute oral toxicity 

in rats compared to silichristin were selected for 

further analysis of their pharmacokinetic properties. 

Molecules failing to meet this toxicity criterion 

were excluded from further study. Subsequently, 

the selected molecules underwent additional 

evaluation using the SwissADME webserver to 

predict key pharmacokinetic parameters. Based on 

the data obtained from these in silico 

pharmacokinetic-toxicity screening models, 

molecules demonstrating the highest potential as 

candidates for herb and insect control were 

identified (see Table 1). 

 
Figure.1. Scaffold structure used for the enumeration of silichristin analogues 

 

Table 1. Selected silichristin analogues 

Entry Code R1 R2 R3 R4 R5 R6 

1 SIL1 OCH3 OCH3 CH3 OCH3 CH3 F 

2 SIL2 OCH3 OCH3 F OCH3 CH3 OCH3 

3 SIL3 F OCH3 OCH3 CH3 F F 

4 SIL4  OCH3 OCH3 CH3 CH3 OCH3 F 

5 SIL5 F OCH3 OCH3 CH3 F OCH3 

6 SIL6 OCH3 OCH3 OCH3 F OCH3 F 

7 SIL7 OCH3 F F OCH3 F CH3 

8 SIL8  OCH3 CH3 F F OCH3 F 

9 SIL9 OCH3 CH3 F OCH3 OCH3 OCH3 

10 SIL10 OCH3 OCH3 F F OCH3 CH3 

11 SIL11 OCH3 CH3 F OCH3 CH3 OCH3 

12 SIL12 OCH3 OCH3 OCH3 OCH3 OCH3 F 

13 SIL13 OCH3 OCH3 F OCH3 F CH3 

14 SIL14 OCH3 OCH3 CH3 OCH3 F CH3 

15 SIL15 OCH3 OCH3 F OCH3 OCH3 OCH3 

16 SIL16 OCH3 F OCH3 OCH3 F CH3 

17 SIL17 OCH3 OCH3 F F OCH3 F 

18 SIL18 OCH3 OCH3 OCH3 OCH3 F OCH3 

19 SIL19 OCH3 OCH3 CH3 OCH3 CH3 OCH3 

20 SIL20 OCH3 OCH3 F F F CH3 

 

The tabulated data presented in Table 2 provides a 

comprehensive overview of the pharmacokinetic 

and toxicity profiles obtained for the selected 

analogues of silichristin derived through our 

investigation. These properties include LogKp 

(skin permeation), CYP enzyme inhibition, P-

glycoprotein (P-gp) substrate status, blood-brain 

barrier (BBB) permeability, and gastrointestinal 

(GI) absorption. 
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Silichristin and its analogues exhibit a range of 

LogKp values, indicative of their skin permeation 

potential. From the pharmacokinetic insights 

provided in Table 2, it was determined that all 

compounds exhibited low skin permeability. Sil12 

and Sil18 stand out with particularly more negative 

Log Kp values, suggesting limited skin permeation 

potential. 

Regarding CYP enzyme inhibition, none of the 

compounds demonstrate inhibitory effects on CYP 

enzymes, indicating potential safety in terms of 

compound metabolism. Also, none of the 

compounds are predicted to be P-gp substrates, 

which may influence their distribution and 

elimination from the body. Regarding BBB 

permeability, none of the compound is predicted to 

permeate the BBB. All analogues exhibit low GI 

absorption, suggesting limited absorption in the 

gastrointestinal tract. 

 

Table 2. Evaluation of Pharmacokinetics and toxicity properties of silichristin and generate analogues 

LD50 

mol/kg 

Log Kp  

Cm/s 

CYP inhibitor P-gp 

substrate 

BBB 

permeant 

GI 

absorption 
Molecule 

3A4  2D6  2C9  2C19  1A2 

2.883 -8.06 No   No No  No  No No  No Low  SIL1 

2.988 -8.43 No  No No  No  No No  No Low  SIL2 

2.875 8.11 No  No No  No  No No No Low  SIL3 

2.872 -8.06 No    No No  No  No No  No Low  SIL4  

2.876 -8.27 No No No  No  No No  No Low  SIL5 

2.892 -8.65 No  No No  No  No No  No Low  SIL6 

2.902 -8.11 No  No No  No  No No  No Low  SIL7 

2.882 -8.11 No  No No  No  No No  No Low  SIL8  

2.886 -8.43 No  No No  No  No No No Low  SIL9 

2.883 -8.27 No  No No  No  No No  No Low  SIL10 

2.893 -8.06 No  No No  No  No No  No Low  SIL11 

2.828 -8.81 No No No  No  No No No Low  SIL12 

2.949 -8.27 No  No No  No  No No  No Low  SIL13 

2.875 -8.06 No   No No  No  No No No Low  SIL14 

2.831 -8.65 No  No No  No  No No  No Low  SIL15 

2.910 -8.27 No  No No  No  No No  No Low  SIL16 

2.831 -8.48 No  No No  No  No No No Low  SIL17 

2.830 -8.81 No  No No  No  No No  No Low  SIL18 

2.883 -8.22 No  No No  No  No No  No Low  SIL19 

2.808 -8.11 No  No No  No  No No  No Low  SIL20 

2.614 -8.14 Yes  No No  No  No No  No Low  Silichristin  

 

Table 3. IC50 values of silichristin and selected derivatives against HPPD and AChE enzymes 

AChE HPPD 
Molecule 

IC50 (μM) IC50 (μM) 

3.55 1.80 SIL1 

2.53 6.03 SIL2 

0.65 2.53 SIL3 

3.55 2.53 SIL4  

2.99 2.99 SIL5 

6.99 5.90 SIL6 

1.28 1.28 SIL7 

1.53 1.52 SIL8  

6.99 2.53 SIL9 

1.80 2.53 SIL10 

2.53 2.53 SIL11 

9.81 8.28 SIL12 

0.91 1.80 SIL13 

2.13 2.13 SIL14 



Turkish Comp Theo Chem (TC&TC), 9(2), (2025), 111-124 

Regadia Aissaoui, Med Nadjib Rebizi, Khadidja Boussaid, Elhafnaoui Lanez, Touhami, Lanez  

116 

 

4.20 4.18 SIL15 

1.80 2.13 SIL16 

2.53 2.53 SIL17 

4.98 4.22 SIL18 

3.55 3.55 SIL19 

1.28 2.13 SIL20 

1.52 0.91 Silichristin  

 

 
(a)                                   (b)                                 (c) 

Figure 2. The optimized 3D-structure of Silichristin (a),  SIL3 (b), and SIL7 (c) at DFT/B3LYP 

method  

 

Following the prediction of pharmacokinetics-

toxicity properties, the half maximal inhibitory 

concentration (IC50) of all the selected compounds 

against HPPD and AChE enzymes was calculated 

using AutoDock 4.2 and AutoDock Tools 1.5.6 

software [36,37]. The obtained data are presented 

in Table 3. 

Based on the in silico analysis of half maximal 

inhibitory concentration (IC50) values provided in 

Table 3, SIL3 emerges as the most potent 

compound with the lowest IC50 value of 0.65 μM, 

suggesting its efficacy as an insecticide. 

Additionally, the data in Table 3 reveal SIL7 as the 

most potent compound acting as an herbicide. 

These findings highlight SIL3 and SIL7 as 

promising candidates, warranting further 

investigation through molecular docking and 

molecular dynamics analyses. 

 

3.2. Computational perspective   

3.2.1. Geometry optimization  

Obtaining the optimized structure of small 

molecules is very crucial for elucidating their exact 

binding behavior. Therefore, to comprehensively 

understand this behavior, the structures of the 

highly potent compounds SIL3 and SIL7, along 

with Silichristin, were fully optimized using the 

DFT/B3LYP method as outlined in section 2.3. The 

resulting optimized ground state geometries of 

these compounds are depicted in Figure 2. 

3.2.2. Molecular electrostatic potential surface 

and atomic charge 

The molecular electrostatic potential (MEP) maps 

can be utilized to determine the regions of the 

reaction by specifying the distribution of electronic 

charges around the molecule. In the MEP surface, 

the blue color is relevant to the electron-deficient 

regions that are proper for the nucleophilic attack, 

and the red color is related to the electron-rich sites 

(proper for electrophilic attack) [36]. The green 

color represents neutral electrostatic potential sites. 

The 3D map of MEP was obtained for Silichristin, 

SIL3, and SIL7 by the same level of theory that was 

used for geometry optimization and is presented in 
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Figure 3. In these three compounds, the hydroxyl 

groups (red site) are more susceptible to 

electrophilic attack due to the higher negative 

charge surrounding this site. The green areas in 

these compounds indicate the neutral electrostatic 

potential. The MEP value of Silichristin, SIL3, and 

SIL7 ranged from – 

1.7 to +1.7, -1.6 to +1.6, and -2.0 to +2.0, 

respectively. 

 
(a)                                      (b)                                   (c) 

Figure 3. Molecular electrostatic potential representation for Silichristin (a), SIL3 (b), and SIL7 (c) at 

DFT/B3LYP method 

 

3.2.3. HOMO-LUMO analysis  

The interplay between HOMO-LUMO surfaces 

plays a crucial role in governing molecular 

interactions, offering valuable insights into the 

chemical behavior and reactivity of compounds 

[37]. Defined as the energy gap between the HOMO 

and LUMO orbitals (ΔE = ELUMO - EHOMO), this 

parameter is pivotal in understanding 

intramolecular charge transfer interactions. 

The HOMO, serving as the electron donor orbital, 

and the LUMO, acting as the electron acceptor 

orbital, are named so due to their respective states 

of electron occupancy, the HOMO is filled with 

electrons, while the LUMO is devoid of them. 

Employing the B3LYP/6-311G++(d,p) method, we 

computed the HOMO-LUMO energy surfaces of 

the compounds Silichristin, SIL3, and SIL7, as 

illustrated in Figure 4. In the case of Silichristin and 

Sil7, the HOMO orbital predominantly localizes on 

the phenyl-tetrahydropyran and phenyl-

dihydrofuran parts. Conversely, in SIL3, the 

HOMO orbitals shift towards the 

tetrahydronaphthalene and phenyl-tetrahydropyran 

parts. However, the LUMO orbitals are consistently 

situated on the tetrahydronaphthalene for all three 

compounds. 

The magnitude of the HOMO-LUMO energy gap 

provides critical insights into the chemical 

reactivity of a compound [38]. Smaller ΔE values 

indicate higher chemical reactivity. Conversely, a 

larger energy gap signifies lower chemical 

reactivity [39,40]. 

According to the data depicted in Figure 4, the 

ground state energies of HOMO and LUMO for 

Silichristin are -3.00 and -0.93 eV, respectively, 

resulting in a calculated ΔE of 3.94 eV. For SIL3 

and SIL7, the HOMO and LUMO energies are -

2.96, 0.97 eV and -5.62, -1.64 eV, respectively, 

with ΔE values of 3.93 and 3.98 eV, respectively. 

Based on the obtained data, the order of increasing 

chemical reactivity is as follows: SIL3 > Silichristin 

> SIL7. This order of reactivity stands in good 

agreement with the same order of the predicted IC50 

values for the three compounds. 

3.2.4. Molecular docking study  

To elucidate the mode of interaction between the 

most potent silichristin analogues and the receptors 

HPPD and AChE, molecular docking simulations 

were conducted. These simulations aim to predict 

the most stable conformation of the most potent 

silichristin analogues when bound to the selected 

target receptors HPPD and AChE. In our study, 

multiple docking runs were performed, revealing 

the optimal binding poses for SIL3, SIL7, and 

Silichristin in complex with HPPD and AChE, as 

depicted in Figure 5. Additionally, Figure 5 

illustrates that hydrogen bonding is the 

predominant mode of interaction. 
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The obtained binding free energies, reacting 

residues, and H-bonds length for SIL3, SIL7, and 

Silichristin are detailed in Table 5. Our results 

indicate that SIL3 exhibits the strongest binding 

affinity towards AChE, followed by Silichristin 

with HPPD, SIL7 with AChE, and Silichristin with 

HPPD. This highlights the robust interaction 

between SIL3, SIL7, and Silichristin with the 

HPPD and AChE receptors. 

 
Figure 4. HOMO-LUMO diagram of Silichristin (a), SIL3 (b), and SIL7 (c) estimated by DFT/B3LYP 

approach 

 

3.2.5. Molecular Dynamic simulation 

Molecular dynamics simulations for a duration of 

100 ns were conducted for the SIL3, SIL7, and 

Silichristin. The objective was to observe their 

interaction patterns and stability at the binding sites 

of HPPD and AChE. The dynamic behavior of the 

entire simulated system was thoroughly analyzed 

using parameters such as Root Mean Square 

Deviation (RMSD), Root Mean Square Fluctuation 

(RMSF), and radius of gyration. 

3.2.5.1. Root mean square deviation (RMSD)  

To assess the stability of the protein-ligand 

complexes formed with SIL3, SIL7, and 

Silichristin, the RMSD of carbon alpha atoms was 

calculated from the simulation trajectories [41,42], 

(Figure 6). Following equilibration, the RMSD 

values of both complexes remained stable in the 

range of approximately 1.5-2 Å. Subsequently, the 

RMSD of the SIL3 complex increased to 3 Å and 

maintained this level until the end of the simulation. 

Conversely, the RMSD values of the SIL7 complex 

did not exhibit significant deviations throughout the 

simulation. The consistent RMSD values indicate 

the stability of the protein-ligand complexes. 

3.2.5.2. Root mean square fluctuation (RMSF) 

To evaluate the dynamic behavior of the protein 

when bound to the ligands, we calculated the root 

mean square fluctuations (RMSF) values. These 
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values provide insights into the flexibility and 

movement of individual protein residues 

throughout the entire simulation duration [43]. 

Upon analyzing the RMSF values, we observed that 

the majority of protein residues exhibited minimal 

fluctuations, measuring less than 2 Å, throughout 

the simulation. This suggests that these residues 

maintained a relatively rigid and stable 

conformation in the presence of the ligands. 

However, the loop regions of the protein 

demonstrated higher RMSF values, peaking at 

approximately 9 Å (Figure 7). The RMSF analysis 

indicates that the protein-ligand complex remained 

stable overall, with most residues adopting a rigid 

conformation. The elevated RMSF values observed 

in the loop regions suggest that these areas 

experienced more pronounced fluctuations and 

potentially engaged in dynamic interactions with 

the ligands. In summary, the RMSF values support 

the notion of a stable protein-ligand complex, as the 

majority of protein residues displayed minimal 

fluctuations, while the loop regions exhibited 

relatively higher flexibility. 

 
HPPD-Sil7                                                       HPPD-Silichristin 

 
AChE-SIL3                                                    AChE-Silichristin 

Figure 5. 3D interaction between the most potent Silichristin analogues and the targets HPPD and AChE 

where the redlines represent the H-bonds 
 

Table 5. Molecular docking and bond interactions analysis of Silichristin, SIL3, and SIL7 candidates with the receptors (HPPD) 

and AChE  
Acetylcholinesterase (AChE) (ID: 6xyu) 

Ligand 

code 

Center grid box 

x, y, z 

H-bond 

(Reacting residues distance Å) 
Binding energy (kcal/mol) 

SIL3 33.05, 67.37, 09.81 ARG70 (1.83), TYR71 (1.84), GLY326 (1.98), ASN399 (1.82) -8.4 

Silichristin 30.3 -22.9, 04.6 GLN307 (2.56), GLU394 (1.48) -7.9 

4-hydroxyphenylpyruvate dioxygenase (HPPD) (ID: 6J63) 

SIL7 41.3, 60.4, 03.8 ARG70 (1.72), GLU72 (1.83), ASN399 (1.90), GLY326 (2.10) -8.1 

Silichristin 33.0, 67.4, 09.80 
GLU69 (1.92), ARG70 (2.07), TYR324 (2. 53), ASN399 

(2.26), TYR374 (2.15), 
-8.2 
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Figure 6. The RMSD plots of HPPD and AChE complexes during 100 ns simulation (a) Silichristin-AChE, 

(b) Silichristin-HPPD, (c) SIL3-AChE, (d) SIL3-HPPD (e) SIL7-AChE, SIL7-HPPD (f) 
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Figure 7. The fluctuation of protein residues during simulations as determined by RSMF values 
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3.2.5.3. Radius of gyration (Rg) 

To evaluate the structural compactness of the AChE 

and HPPD proteins in complex with the compounds 

Silichristin, SIL3, and SIL7, we conducted an 

analysis of the radius of gyration (Rg). The Rg 

values provide insights into the overall 

compactness of the protein structure, where lower 

values indicate a more compact structure and higher 

values suggest unfolding events during the 

simulation [44]. The Rg plots of the protein-ligand 

complexes revealed that the Rg values remained 

stable within the range of 6.03 to 5.17 Å throughout 

the simulation, Figure 8. This indicates that the 

enzyme structure maintained its compacted 

conformation when bound to Silichristin, SIL3, and 

SIL7 compounds. The consistent Rg values further 

support the notion of structural stability during the 

simulation period.  
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Figure 8. The Rg plots of AChE-Silichristin, AChE-SIL3, AChE-SIL7 (a) and HPPD-Silichristin, HPPD-

SIL3, HPPD-SIL7 (b) complexes as a function of simulation time. 

 

4. Conclusions 

This in silico assessment has provided valuable 

insights into the pesticidal potential of silichristin 

analogues derived from Silybum marianum. 

Through virtual screening, molecular docking, and 

molecular dynamics simulations, we have 

elucidated the pharmacokinetic-toxicity properties 

and molecular interactions of these compounds, 

shedding light on their suitability as novel 

pesticides. 

Our findings reveal that the silichristin analogues 

exhibit activity against key pesticide targets, 

including 4-hydroxyphenylpyruvate dioxygenase 

(HPPD) and acetylcholinesterase (AChE) 

receptors. Specifically, compounds SIL3 and SIL7 

demonstrated strong binding affinities with the 

target proteins, indicating their potential efficacy as 

pesticides. Moreover, molecular dynamics 

simulations confirmed the stability of the protein-

ligand complexes over extended periods, 

suggesting sustained activity of the compounds 

within the biological systems. 

Importantly, our study highlights the importance of 

utilizing computational approaches in pesticide 

discovery and development. By leveraging in silico 

methodologies, we can efficiently screen large 

compound libraries, prioritize candidates based on 

their pharmacological profiles, and gain 

mechanistic insights into their mode of action. This 

accelerates the pesticide discovery process and 

reduces reliance on conventional trial-and-error 

approaches, thereby facilitating the identification of 

safer and more environmentally friendly pest 

control agents. 

Moving forward, our findings pave the way for 

further experimental validation of the identified 

silichristin analogues as potential pesticides. 
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