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Abstract 

This study investigated the theoretical effects of selected phytochemicals from Corchorus olitorius 

leaves on haematological-related targets using an integrated computational approach involving 

density functional theory (DFT), molecular docking, global reactivity descriptors, and ADMET 

prediction. Major bioactive compounds including caffeic acid, kaempferol, chlorogenic acid, and 

quercetin were evaluated against catalase (PDB ID: 1DBG), erythropoietin receptor (PDB ID: 

1ERN), and hemoglobin (PDB ID: 1A3N), using erythropoietin as a reference compound. 

Geometry optimization confirmed stable molecular conformations suitable for quantum chemical 

analysis. Frontier molecular orbital analysis showed caffeic acid possessed the lowest HOMO–

LUMO energy gap (2.868 eV), indicating high chemical reactivity, while quercetin exhibited the 

highest energy gap (8.176 eV), suggesting greater kinetic stability. Global reactivity descriptor 

analysis further revealed that caffeic and chlorogenic acids had the highest softness and 

electrophilicity, supporting favorable electron transfer potential and possible antioxidant activity. 

Molecular docking results demonstrated strong binding affinities of kaempferol and quercetin 

toward the studied protein targets, with kaempferol showing the highest affinity against catalase 

(−10.0 kcal/mol) and quercetin showing the strongest interaction with hemoglobin (−8.0 kcal/mol) 

and erythropoietin receptor (−6.9 kcal/mol). QSAR results demonstrated that descriptor 

contributions vary across protein targets, while correlation analysis confirmed strong relationships 

among electronic parameters and binding behavior. ADMET prediction indicated favorable drug-

likeness, pharmacokinetic properties, and acceptable toxicity profiles for most compounds, 

particularly kaempferol and caffeic acid. Overall, the findings suggest that Corchorus olitorius 

phytochemicals possess promising hematoprotective potential and may serve as lead 

compounds for further experimental validation. 

Keywords: Corchorus olitorius; phytochemicals; molecular docking; DFT; ADMET; 

hematoprotective activity. 
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1. Introduction  

Medicinal plants continue to attract attention as important sources of bioactive compounds with 

therapeutic potential in managing various disorders, including haematological abnormalities [1]. 

Blood plays essential roles in oxygen transport, immune defense, nutrient distribution, and 

maintenance of homeostasis. As a result, haematological indices such as red blood cell count 

(RBC), white blood cell count (WBC), haemoglobin concentration (Hb), packed cell volume (PCV), 

and platelet count are widely used to assess health status [2]. Alterations in these parameters 

may result from oxidative stress, inflammation, anemia, or toxic exposure, highlighting the need 

for natural agents that can support blood-related functions [3]. One plant of growing interest is 

Corchorus olitorius, commonly known as jute mallow, which is widely consumed in Africa and 

Asia. It is rich in essential nutrients such as iron, calcium, folate, and vitamins A, C, and E, as well 

as bioactive compounds including flavonoids, phenolic acids, alkaloids, tannins, terpenoids, and 

glycosides [4]. These phytochemicals have been associated with antioxidant, anti-inflammatory, 

and immunomodulatory properties, suggesting potential benefits in haematological protection [5]. 

Key phytoconstituents such as quercetin, kaempferol, chlorogenic acid, and caffeic acid exhibit 

strong antioxidant activity, which may help reduce oxidative damage, stabilize erythrocyte 

membranes, and support hematopoiesis. Since oxidative stress is a major contributor to 

haematological dysfunction, antioxidant-rich plants like C. olitorius present promising therapeutic 

potential [1, 6]. Despite these benefits, the molecular mechanisms underlying the haematological 

effects of C. olitorius are not fully understood. Experimental studies often demonstrate biological 
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activity but provide limited insight into molecular interactions and chemical behavior. To address 

this gap, computational approaches have become increasingly important in natural product 

research [7].  In silico techniques such as molecular docking, density functional theory (DFT), and 

ADMET prediction, offer valuable tools for investigating phytochemical interactions with biological 

targets. Molecular docking predicts binding affinity between compounds and proteins involved in 

haematological regulation, while DFT provides insight into chemical reactivity [8]. ADMET 

analysis evaluates pharmacokinetic properties drug-likeness and toxicity. Therefore, this study 

applies an integrated computational approach to investigate selected phytochemicals from 

Corchorus olitorius. The findings are expected to provide molecular-level insights into its potential 

hematoprotective properties and support its relevance in drug discovery. 

2.0 Computational Methods 

This study employed an integrated in silico approach involving density functional theory (DFT), 

molecular docking, drug-likeness prediction, and toxicity prediction to investigate the interaction 

of selected phytochemicals from Corchorus olitorius with haematological targets. 

2.1 Selection and Preparation of Phytochemical Ligands 

Major bioactive constituents of Corchorus olitorius, including quercetin, kaempferol, chlorogenic 

acid, and caffeic acid, were selected based on reported phytochemical composition and biological 

relevance [4, 5]. Three-dimensional structures of the phytochemicals and the standard reference 

drug (Erythropoietin), were retrieved from PubChem in SDF format, as shown in Figure 1. Ligands 

were imported into Avogadro for geometry optimization using the MMFF94 force field and saved 

in PDB format for further analysis [9]. 

2.2 Density Functional Theory (DFT) Calculations 

Quantum chemical calculations were performed using ORCA at the B3LYP/6-31G* level of theory 

[10]. Geometry optimization was carried out for each phytochemical, followed by calculation of 

frontier molecular orbital energies including HOMO and LUMO and was use to evaluate the global 

reactivity descriptors were calculated using Koopmans’ theorem [8]. The energy gap was 

determined using: where lower energy gaps indicate higher chemical reactivity and potential 

antioxidant activity [11]. 

2.3 Protein Selection and Preparation 

Protein targets associated with haematological function were selected from the Protein Data Bank 

based on their relevance to erythropoiesis and oxidative stress regulation. Selected proteins 

included erythropoietin receptor (PDB ID: 1ERN), hemoglobin (PDB ID: 1A3N), and catalase 

(PDB ID: 1DGB). Protein structures were prepared using AutoDock Tools by removing water 

molecules and co-crystallized ligands, adding polar hydrogens, assigning Kollman charges, and 

converting structures to PDBQT format [12]. 

2.4 Molecular Docking Analysis 
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Molecular docking studies were carried out using AutoDock Vina to predict binding affinities and 

interaction profiles between phytochemicals and target proteins [13]. Grid box parameters were 

defined around active binding pockets based on co-crystallized ligand coordinates and literature 

reports. Docking scores were expressed as binding energies (kcal/mol), with lower binding 

energies indicating stronger predicted interactions. Docked complexes were visualized using 

PyMOL and Discovery Studio Visualizer to identify hydrogen bonding, hydrophobic interactions, 

and key amino acid residues involved in binding. 

2.5 QSAR Modeling 

Quantitative structure–activity relationship (QSAR) analysis was performed to correlate DFT-

derived descriptors (ΔE, softness, and electrophilicity) with docking binding affinities. Multiple 

linear regression models were developed using Python (scikit-learn library), and separate models 

were generated for each protein target. The general QSAR model is expressed as: 

𝐵݅݊݀݅݊݃ ݕݐ݂݂݅݊݅ܣ = ܽ + (ܧ߂)1ܾ + ܾ2(ܵ) + ܾ3(߱)                         (1) 

Model performance was evaluated using the coefficient of determination (R²), and graphical plots 

of predicted versus actual values were generated. 

2.6 Drug-Likeness and ADMET Prediction 

The pharmacokinetic properties and drug-likeness of selected compounds were predicted using 

SwissADME [14]. Parameters evaluated included molecular weight, lipophilicity (LogP), hydrogen 

bond donors and acceptors, gastrointestinal absorption, and compliance with Lipinski’s Rule of 

Five. Toxicity and pharmacological suitability were assessed theoretically to support selection of 

promising compounds for docking studies. 
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Fig 1. 2D and 3D of the geometry structure of the ligands 
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3.0 Results and Discussion 

3.1 Geometry Optimization of Ligands 

The geometry-optimized structures of caffeic acid, kaempferol, chlorogenic acid, quercetin, and 

the reference ligand are presented in Figure 1. Geometry optimization produced stable minimum-

energy conformations for all ligands, with no abnormal bond distortions, confirming suitability for 

subsequent DFT analysis [7, 8]. Structural differences among the ligands may influence their 

reactivity and biological interactions. Caffeic acid showed a relatively planar conjugated structure 

with hydroxyl and carboxyl groups favorable for electron donation and hydrogen bonding. 

Kaempferol and quercetin exhibited highly conjugated flavonoid skeletons with multiple hydroxyl 

substituents, suggesting enhanced π-electron delocalization and antioxidant potential [5]. 

Chlorogenic acid displayed a larger and more flexible structure due to its ester-linked quinic acid 

moiety, which may support multiple binding orientations. The high degree of planarity observed 

in quercetin and kaempferol is associated with improved electron delocalization and molecular 

stability, features often linked to favorable pharmacological activity [1]. Additionally, the 

abundance of oxygen-containing functional groups across the ligands suggests strong hydrogen 

bonding potential that may contribute to ligand–protein interactions observed in docking studies.  

3.2 Frontier Molecular Orbitals (HOMO–LUMO Analysis) 

Frontier molecular orbital (FMO) analysis provides insight into molecular stability, electron transfer 

potential, and chemical reactivity. The HOMO represents electron-donating ability, whereas the 

LUMO reflects electron-accepting capacity. Their spatial distributions are shown in Figure 2, while 

calculated orbital energies are presented in Table 1. 

  

Table 1: HOMO–LUMO Energy Gap (ΔE) of Studied Compounds 

Ligand HOMO (eV) LUMO (eV) ΔE (eV) 
Erythropoitein-
refer 

-5.894 -2.280 3.614 

Caffeic -5.217 -2.349 2.868 

Kaempferol -5.146 -2.086 3.060 

Chlorogenic -5.314 -2.337 2.977 

Quercetin −8.651 −0.475 8.176 

 

Caffeic acid exhibited the lowest HOMO–LUMO gap (2.868 eV), indicating the highest predicted 

chemical reactivity and lowest kinetic stability among the studied compounds. Lower energy gaps 

generally facilitate charge transfer and are often associated with stronger antioxidant potential 

and easier interaction with biological targets [11, 15]. Chlorogenic acid and kaempferol also 

showed relatively low energy gaps, suggesting appreciable reactivity. In contrast, quercetin 

displayed the largest energy gap (8.176 eV), indicating greater electronic stability and lower 
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intrinsic reactivity. High HOMO–LUMO gaps are often associated with molecules possessing 

enhanced kinetic stability and reduced softness [8]. The HOMO surfaces of caffeic acid, 

kaempferol, and quercetin were predominantly localized around hydroxyl-substituted aromatic 

rings, suggesting these regions may act as electron-donating sites.  

Ligand HOMO LUMO 

Erythropoitein 

  

Caffeic 

 
 

Kaempferol 

  

Chlorogenic 

  

Quercetin 

 
 

Fig 2. Frontier molecular orbital (HOMO and LUMO) distributions of selected phytochemicals 

from Corchorus olitorius,  

Conversely, the LUMO distributions were concentrated around carbonyl and oxygen-rich 

moieties, indicating preferred electron-accepting centers. Such donor–acceptor characteristics 

are important for radical scavenging and receptor interactions. 

3.3 Global Reactivity Descriptors  
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The calculated global reactivity descriptors provided important insight into the chemical behavior 

and biological interaction potential of the studied ligands, as shown in Table 2. Caffeic acid and 

chlorogenic acid exhibited the lowest hardness values (1.434 and 1.489 eV) and highest softness 

values (0.349 and 0.336 eV⁻¹), indicating greater chemical reactivity and stronger electron 

transfer potential. Molecules with low hardness and high softness are generally associated with 

enhanced antioxidant activity and improved interaction with biological targets [15, 16]. In contrast, 

quercetin showed the highest hardness (4.088 eV) and lowest softness (0.122 eV⁻¹), suggesting 

greater kinetic stability but lower reactivity. 

Table 2: Global Reactivity Descriptors of Studied Compounds 

Ligand ΔE (eV) η (eV) S (eV⁻¹) χ (eV) μ (eV) ω (eV) 
Erythropoietin 3.614 1.807 0.277 4.087 -4.087 4.62 
Caffeic acid 2.868 1.434 0.349 3.783 -3.783 4.99 
Kaempferol 3.060 1.530 0.327 3.616 -3.616 4.27 
Chlorogenic 
acid 

2.977 1.489 0.336 3.826 -3.826 4.92 

Quercetin 8.176 4.088 0.122 4.563 -4.563 2.55 

 

The electronegativity values showed that quercetin had the highest electron-attracting tendency 

(4.563 eV), whereas caffeic acid, kaempferol, and chlorogenic acid displayed moderate values 

that favor balanced donor–acceptor interactions within protein binding sites. Similarly, the 

electrophilicity index revealed that caffeic acid (4.99 eV) and chlorogenic acid (4.92 eV) 

possessed the highest electrophilic character, indicating strong potential for interaction with 

nucleophilic residues in proteins and possible enhanced biological activity [8]. The global 

descriptor analysis suggests that caffeic acid and chlorogenic acid possess the most favorable 

reactivity characteristics, combining low hardness, high softness, and high electrophilicity, which 

may support antioxidant and hematoprotective activity. Kaempferol showed intermediate 

behavior, while quercetin appeared more chemically stable but less reactive. These findings 

support the frontier orbital results and agree with recent conceptual DFT studies linking softness 

and electrophilicity with bioactivity [17]. 

3.4 Molecular Docking 

Molecular docking was performed to evaluate the binding affinities and interaction profiles of 

selected phytochemicals from Corchorus olitorius against three haematological-related protein 

targets: catalase (PDB ID: 1DBG), erythropoietin receptor (PDB ID: 1ERN), and hemoglobin (PDB 

ID: 1A3N). Binding affinity values obtained from docking simulations are presented in Table 3. In 

docking studies, more negative binding energy values indicate stronger ligand–protein 

interactions and greater binding stability [13]. 

Table 3. The Docking Score of the studies ligands 
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Ligand name 
 
  

Binding Affinity 
(Kcal/mol) 

1DBG 1ERN 1A3N 

Erythropoitein-refer -6.9 -5.8 -6.4 

Caffeic -7.7 -5.2 -6.5 

Kaempferol -10.0 -6.5 -7.7 

Chlorogenic -7.2 -5.8 -7.0 

Quercetin -9.3 -6.9 -8.0 

 

3.4.1 Interaction with Catalase (PDB ID: 1DBG) 

Among all ligands, kaempferol exhibited the strongest binding affinity toward catalase with a 

docking score of −10.0 kcal/mol, followed by quercetin (−9.3 kcal/mol) and caffeic acid (−7.7 

kcal/mol), all showing stronger binding than the reference ligand (−6.9 kcal/mol). This suggests 

superior interaction of these phytochemicals with the oxidative stress-related target. Kaempferol 

formed hydrogen bond interactions with ARG112 and GLY147, while π-interactions were 

observed with TYR358, HIS75, ARG72, and ALA146. Additional hydrophobic interactions 

involving HIS362, SER114, PHE132, and ARG354 further stabilized the complex, as shown in 

Figure 3. 

 Binding Affinity (PDB ID: 1DBG) 

Ligand  
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Fig 3. 3D and 2D binding interaction of the ligands with the amino-acid residues of (PDB ID: 

1DBG) receptors. 

 

The abundance of aromatic residues involved in π-interactions suggests favorable stacking 

interactions between the flavonoid aromatic system and active-site residues [8]. Quercetin 

similarly showed strong binding, supported by hydrogen bonding with GLY147 and ASN148, and 

π-interactions involving PHE152, HIS75, and ARG354. These interactions may be associated 

with antioxidant-related inhibitory mechanisms, consistent with reports that polyphenolic 

flavonoids exhibit strong affinity toward oxidative enzymes [5, 18]. The stronger binding of 

kaempferol and quercetin correlates with their polyhydroxylated flavonoid structures and 

conjugated aromatic frameworks, which favor hydrogen bonding and hydrophobic interactions. 

3.4.2 Interaction with Erythropoietin Receptor (PDB ID: 1ERN) 
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For the erythropoietin receptor, quercetin showed the highest binding affinity (−6.9 kcal/mol), 

followed by kaempferol (−6.5 kcal/mol), both outperforming the reference ligand (−5.8 kcal/mol). 

This suggests possible modulatory interactions relevant to erythropoietic signaling. Quercetin 

established multiple hydrogen bond interactions with SER13, ASP122, PRO124, GLY126, and 

TRP212, while hydrophobic interactions involved GLU214, ALA211, VAL125, and ALA123. The 

presence of several hydrogen bonds indicates strong ligand accommodation within the receptor 

binding pocket, as shown in Figure 4.  

 

Ligand Binding interaction (PDB ID: 1ERN) 

3D 2D 

Erythro

poitein-

refer 

  

Caffeic 

  

Kaempf

erol 
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Chlorog

enic 

  

Quercet

in 

  

Fig 4. 3D and 2D binding interaction of the ligands with the amino-acid residues of (PDB ID: 

1ERN) receptors 

 

Kaempferol also formed important hydrogen bonds with GLU214 and GLY126, supported by π-

interactions with ALA123 and VAL125. These residues have been implicated in ligand recognition 

and receptor stabilization. Caffeic acid exhibited the weakest interaction (−5.2 kcal/mol), 

suggesting comparatively lower affinity for the receptor. 

3.4.3 Interaction with Hemoglobin (PDB ID: 1A3N) 

For hemoglobin, quercetin again showed the strongest binding affinity (−8.0 kcal/mol), followed 

by kaempferol (−7.7 kcal/mol) and chlorogenic acid (−7.0 kcal/mol), all stronger than the reference 

compound. Quercetin displayed π-interactions with VAL93, LEU91, and PHE43, alongside 

additional stabilizing contacts with HIS45, LYS90, and MET32. Although no hydrogen bonds were 

recorded, the extensive hydrophobic and π-stacking interactions appear sufficient to stabilize the 

complex, as shown in Figure 5.  

 

Ligand 

 

Binding Interaction (PDB ID: 1A3N) 

3D 2D 
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Fig 5. 3D and 2D binding interaction of the ligands with the amino-acid residues of (PDB ID: 

1A3N) receptors 



13 

 

 

Kaempferol similarly formed multiple hydrophobic contacts involving VAL67, PHE103, LEU106, 

and ALA138, suggesting a well-packed ligand–protein complex. The superior binding of quercetin 

and kaempferol to hemoglobin may indicate potential membrane or protein stabilizing roles, 

supporting possible hematoprotective relevance. 

Interestingly, these docking results complement the earlier frontier orbital analysis. Although 

caffeic acid showed highest electronic reactivity from global descriptor analysis, kaempferol and 

quercetin demonstrated superior receptor binding. This suggests that electronic reactivity alone 

does not solely govern docking performance; structural complementarity and interaction geometry 

also play major roles [13, 15]. The docking results therefore suggest that kaempferol and 

quercetin may represent the most promising phytochemical candidates for potential 

hematoprotective activity among the studied ligands. 

3.5 Quantitative Structure–Activity Relationship (QSAR) Analysis 

QSAR analysis was performed to correlate DFT-derived descriptors—energy gap (ΔE), softness 

(S), and electrophilicity (ω)—with docking-derived binding affinities. The resulting regression 

models for each protein are: 

• 1DBG:  

𝐵݅݊݀݅݊݃ = −3.728 − (ܧ߂)1.169 − 76.346(ܵ) + 5.216(߱) 

• 1ERN:  

𝐵݅݊݀݅݊݃ = −38.876 + (ܧ߂)2.759 + 66.557(ܵ)   
• 1A3N:  

𝐵݅݊݀݅݊݃ = −35.430 + (ܧ߂)2.345 + 54.795(ܵ) + 0.618(߱)  
 

The QSAR results indicate that descriptor influence varies across targets. For 1DBG, ΔE and 

electrophilicity contribute significantly, suggesting that balanced reactivity and electron-accepting 

ability enhance binding. In contrast, for 1ERN and 1A3N, positive contributions from ΔE and 

softness indicate that molecular stability and flexibility are the dominant factors governing ligand–

protein interactions. 
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Fig 6. The QSAR plot for For 1DBG, 1ERN and 1A3N, 

These findings explain why kaempferol and quercetin exhibited stronger binding despite higher 

ΔE values, highlighting the importance of structural features such as aromaticity and hydroxyl 

substitution. Similar trends have been reported for flavonoid–protein interactions in recent 

computational studies [1, 5]. However, the perfect correlation (R² = 1.000) reflects the small 

dataset and suggests possible overfitting; thus, the models are considered preliminary. 

3.6 Correlation Matrix Analysis 

The correlation matrix showed strong relationships among the DFT descriptors, with ΔE exhibiting 

a near-perfect negative correlation with softness (r = −0.999), consistent with conceptual DFT 

theory. Electrophilicity also correlated positively with softness (r = 0.976) and negatively with ΔE 

(r = −0.965), confirming that more reactive molecules possess higher electron-accepting ability, 

as shown in Figure 7. Correlation with biological activity varied across proteins. Weak correlations 

observed for 1DBG indicate that binding is largely structure-driven, whereas moderate to strong 

correlations for 1ERN and 1A3N—particularly with softness and electrophilicity—suggest that 

molecular reactivity contributes more significantly to ligand binding in these systems. The strong 
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correlation between 1ERN and 1A3N (r ≈ 0.999) further indicates similar binding behavior across 

both targets. 

 

Fig 7. The Correlation Matrix Analysis 

 

The results confirm that while electronic descriptors influence reactivity, structural characteristics 

remain the primary determinants of binding affinity. Due to the limited dataset, these correlations 

should be interpreted cautiously [8]. 

 

3.7 ADMET 

3.7.1 Drug-Likeness and Pharmacokinetic properties 

The drug-likeness and pharmacokinetic properties of the studied phytochemicals were evaluated 

to assess their suitability as potential bioactive candidates, as shown in Table 4 and 5. 

 

Table 4. Predicted lipophilicity, water solubility, druglikeness and bioavailability scores of 

compounds 

Ligands Mol.Wei
ght 
(g/mol) 

Cons
ensu
s 
LogP 

Silico
s-IT 
LogS
w 

ESOL 
Class 

Lipin
ski 
Violat
ions 

Veber 
Violati
ons 

Mueg
ge 
violati
ons 

Bioav
ail- 
ability 

Quercetin 302.24 1.23 1.54 soluble 0 0 0 0.55 
Caffeic 180.16 0.93 0.75 soluble 0 0 1 0.56 
Kaempfero
l 

286.24 1.58 2.03 soluble 0 0 0 0.55 

Chlorogeni
c 

354.31 -0.43 -0.61 Very 
soluble 

1 1 2 0.11 
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Erythropoit
ein 

267.24 -0.15 -0.78 Very 
soluble 

0 0 0 0.55 

 

Drug-likeness evaluation based on Lipinski, Veber, and Muegge criteria showed that quercetin, 

kaempferol, and the reference compound had no violations, indicating favorable oral drug-like 

properties. The molecular weights of all the study ligands were all within or close to the acceptable 

range for drug-like molecules, supporting their potential oral applicability [14]. Caffeic acid showed 

only one Muegge violation, while chlorogenic acid displayed one Lipinski, one Veber, and two 

Muegge violations, likely due to its higher polarity and structural complexity. Consensus LogP 

values ranging from −0.43 to 1.58 indicated moderate lipophilicity. Correspondingly, quercetin, 

kaempferol, caffeic acid, and the reference compound showed relatively good bioavailability 

scores (0.55–0.56), whereas chlorogenic acid exhibited a lower score (0.11), suggesting 

comparatively limited oral bioavailability. Similar trends have been reported for polyphenolic 

compounds, where increased hydroxylation may improve bioactivity but reduce permeability [19]. 

All compounds were predicted to be soluble or very soluble, which is advantageous for absorption 

and transport. 

Pharmacokinetic prediction further revealed that quercetin, caffeic acid, kaempferol, and the 

reference ligand possessed high gastrointestinal absorption, whereas chlorogenic acid showed 

low absorption, consistent with its lower bioavailability. None of the compounds were predicted to 

permeate the blood–brain barrier, suggesting low likelihood of central nervous system exposure. 

Importantly, none were predicted as P-glycoprotein substrates, implying reduced susceptibility to 

efflux-mediated elimination. Quercetin and kaempferol showed inhibition of CYP1A2 and 

CYP3A4, indicating possible metabolic interactions, while caffeic acid and chlorogenic acid 

showed minimal cytochrome inhibition and therefore potentially lower risk of drug–drug 

interactions. 

Table 5. Pharmacokinetics prediction output of the study ligands 

Ligand
s 

GI 
abso
rptio
n 

BBB 
Perman
ent 

PGP 
subst
rate 

CYP1
A2 
inhibi
tor 

CYP2
C19 
Inhibit
or 

CYP2
C9 
Inhibit
or 

CYP
2D6 
inhi
bito
r 

CYP3
A4 
inhibit
or 

Logk
p 
(cm/
s) 

Quercet
in 

High  No  No  Yes  No  No  Yes  Yes  -7.05 

Caffeic High No No No No No No No -6.58 
Kaempf
erol 

High No No Yes No No Yes Yes -6.70 

Chlorog
enic 

Low No No No No No No No -8.76 

Erythro
poitein 

High No No No No No No No 
 

-7.89 
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3.7.2 Toxicity Prediction 

Toxicity prediction showed generally favorable safety profiles for the phytochemicals compared 

with the reference ligand, as shown in Table 6. Kaempferol showed the most favorable toxicity 

pattern with no major hepatotoxic, mutagenic, or carcinogenic liabilities predicted. Caffeic acid 

and chlorogenic acid also exhibited low predicted toxicity, while quercetin showed some 

mutagenicity and carcinogenicity alerts, which have been reported in silico for some flavonoids 

but often require experimental confirmation. Interestingly, the reference ligand showed 

comparatively higher predicted hepatotoxicity and carcinogenicity signals, suggesting that some 

phytochemicals may possess safer theoretical profiles [20]. 

Table 6. Toxicity profile of compounds  

Ligands Hepatotoxi
city 

Mutagenicit
y 

carcinogeni
city 

Immunotoxi
city 

Cytotoxici
ty 

Quercetin - + + - - 
Caffeic - -- ++ - -- 
Kaempfero
l 

- - -- -- -- 

Chlorogeni
c 

-- -- - ++ -- 

Erythropoit
ein 

+ ++ ++ -- -- 

Non-Toxic (−)  Toxic (+) 
 

The ADMET results suggest that quercetin, kaempferol, and caffeic acid possess favorable drug-

likeness, pharmacokinetic behavior, and acceptable toxicity profiles, supporting their potential as 

promising bioactive candidates. Although chlorogenic acid showed lower predicted bioavailability, 

its strong solubility and low toxicity still indicate possible pharmacological relevance. 

Conclusion 

This study demonstrated, through computational and theoretical approaches, that selected 

phytochemicals from Corchorus olitorius possess promising properties relevant to haematological 

modulation. DFT analysis revealed favorable electronic characteristics, with caffeic acid and 

chlorogenic acid showing high chemical reactivity, while quercetin exhibited greater electronic 

stability. Global reactivity descriptors supported these findings by identifying caffeic acid and 

chlorogenic acid as soft and electrophilic molecules with potential antioxidant and biointeractive 

advantages. Molecular docking results showed strong ligand–protein interactions across the 

studied targets, with kaempferol and quercetin exhibiting superior binding affinities compared with 

the reference compound in several cases, suggesting possible hematoprotective relevance. 

QSAR results demonstrated that descriptor contributions vary across protein targets, while 

correlation analysis confirmed strong relationships among electronic parameters and binding 

behavior. In addition, ADMET prediction indicated that most of the phytochemicals possess 
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favorable drug-likeness, good pharmacokinetic behavior, and acceptable theoretical safety 

profiles. The combined results suggest that kaempferol, quercetin, caffeic acid, and chlorogenic 

acid may contribute to the potential haematological benefits associated with Corchorus olitorius. 

Among them, kaempferol and quercetin emerged as promising lead compounds based on 

docking performance, while caffeic acid and chlorogenic acid showed strong electronic reactivity 

advantages. These findings provide a molecular basis for the medicinal relevance of Corchorus 

olitorius and support further in vitro and in vivo validation of its hematoprotective potential. 
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