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Abstract. Childhood obesity is strongly influenced by dysregulated 
appetite signalling, particularly within pathways involving melanocortin-4 
receptor (MC4R) and glucagon-like peptide-1 receptor (GLP-1R). 
Phaseolus vulgaris has been reported to reduce body weight, yet its specific 
molecular interactions with appetite-regulating receptors remain unclear. 
This study aimed to evaluate the potential of P. vulgaris bioactive 
compounds as appetite-suppressing agents through MC4R and GLP-1R 
activation using an in silico approach. A total of 46 compounds were 
screened for physicochemical and ADMET properties using pkCSM, 
followed by molecular docking against MC4R and GLP-1R using PyRx. 
Interaction profiles were visualized with Discovery Studio, and docking 
validation was conducted using re-docking RMSD criteria. Twenty-six 
compounds met Lipinski’s criteria and demonstrated acceptable 
pharmacokinetic profiles. Sterol derivatives, including stigmasterol, 24-α-
methyllophenol, and obtusifoliol, showed the strongest binding affinities 
(ΔG –8.9 to –12.4 kcal/mol) and occupied key hydrophobic pockets similar 
to native agonists. Flavonoids and anthocyanins exhibited lower binding 
energies but formed extensive hydrogen-bond and aromatic interactions that 
may stabilize receptor–ligand complexes. These findings suggest that P. 
vulgaris seeds contain compounds with promising anorexigenic potential 
through MC4R and GLP-1R modulation. Further in vitro and in vivo studies 
are required to confirm their therapeutic relevance for obesity management. 

Keywords: Appetite depressant, Phaseolus vulgaris, In Silico, MC4R, 
GLP-1R. 

1 Introduction 
Obesity has become a major global health concern affecting both adults and children, with 
pediatric prevalence continuing to rise and contributing to metabolic disorders such as type 
2 diabetes, dyslipidemia, and cardiovascular disease [1]. A key mechanism underlying 
pediatric obesity is dysregulation of appetite control, reflected in heightened reward-driven 
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eating and impaired satiety signalling. Appetite regulation relies on coordinated actions of 
peripheral metabolic hormones and central hypothalamic pathways, particularly those 
involving glucagon-like peptide-1 (GLP-1) and the melanocortin-4 receptor (MC4R) [2]. 
 GLP-1, secreted by enteroendocrine L-cells in response to nutrient intake, facilitates 
glucose-dependent insulin secretion, suppresses glucagon, and slows gastric emptying [3]. In 
the central nervous system, GLP-1 receptor (GLP-1R) activation stimulates anorexigenic 
pathways, including pro-opiomelanocortin (POMC) signalling through MC4R, thereby 
reducing appetite and supporting energy balance. Structural insights into MC4R further 
confirm its crucial role in initiating satiety responses [4]. 
 Pharmacotherapies such as liraglutide, semaglutide, and setmelanotide effectively 
promote weight loss but face limitations related to cost, gastrointestinal side effects, and 
limited accessibility in pediatric populations [5]. These challenges underscore the need for 
safer, affordable natural agents capable of modulating GLP-1R and MC4R pathways. 
 P. vulgaris contains phenolic acids, flavonoids, anthocyanins, and phytosterols 
associated with improved metabolic outcomes, yet their interactions with appetite-regulating 
receptors such as GLP-1R and MC4R remain unclear. Molecular docking provides a useful 
preliminary tool to predict such multitarget interactions. Accordingly, this study investigates 
the binding potential of major P. vulgaris compounds toward GLP-1R and MC4R as an initial 
step in identifying natural candidates that may modulate anorexigenic pathways in pediatric 
obesity. 
 

2 Materials and methods 
Active compounds from red kidney bean seeds were identified using Dr. Duke’s 
Phytochemical and Ethnobotanical Databases in the address https://phytochem.nal. 
usda.gov/. Their 3D structures and SMILES formats were obtained from PubChem; 
https://pubchem.ncbi.nlm.nih.gov/. The crystal structures of the target proteins MC4R (PDB 
ID: 7PIU) and GLP-1R (PDB ID: 7LCJ), including their native ligands were retrieved from 
the Protein Data Bank; https://www.rcsb.org/. Pharmacokinetic and toxicity (ADMET) 
parameters, along with physicochemical properties, were predicted using pkCSM;  
https://biosig.lab.uq.edu.au/pkcsm/, while molecular docking was carried out in PyRx 8 using 
grid coordinates for MC4R (X:108.17, Y:107.12, Z:150.15) and GLP-1R (X:125.41, 
Y:157.33, Z:114.12). Residue interaction analyses were performed using BIOVIA Discovery 
Studio, and docking validation was conducted through triple re-docking of the native ligands, 
with RMSD values computed using DockRMSD. All binding energies, docking outputs, and 
ADMET–toxicity–physicochemical data were organized into tables and supported by 
interaction visualizations, with no inferential statistical analysis applied due to the fully in 
silico design of the study. 

3 Results and Discussion 
3.1 Physicochemical Properties of Phaseolus vulgaris bean  

Physicochemical screening of 46 P. vulgaris bioactive compounds using Lipinski’s Rule of 
Five identified 26 molecules that fulfilled all criteria, while 20 exceeded one or more 
thresholds (Table 1).  

 Table 1. Physicochemical Properties of P. vulgaris bean Active Compounds 

Compounds CID Chemical Formula MW 
(g/mol) Log P HB

A 
HB
D 

Lipin
ski 

Rule 
Beta-sitosterol 222284 C29H50O 414.718 8.0248 1 1 Yes 
Campesterol 173183 C28H48O 400.691 7.6347 1 1 Yes 
Estradiol-17-beta 5757 C18H24O2 272.388 3.6092 2 2 Yes 
Phytosterols 12303662 C29H50O 414.718 8.0248 1 1 Yes 
Propane-1-thiol 7848 C3H8S 76.164 1.3262 1 1 Yes 
Stigmasterol 5280794 C29H48O 412.702 7.8008 1 1 Yes 
24-alpha-methyllophenol 157009971 C29H50O 414.718 7.8807 1 1 Yes 
Abscisic-acid 643732 C15H20O4 264.321 2.2499 3 2 Yes 
Daidzein 5281708 C15H10O4 254.241 2.8712 4 2 Yes 
Genistein 5280961 C15H10O5 270.24 2.5768 5 3 Yes 
Obtusifoliol 65252 C30H50O 426.729 8.335 1 1 Yes 
Anthocyanins 128861 C15H11O6+ 287.247 2.9089 5 5 Yes 
Cyanidin-3,5-diglucoside 164999 C27H31ClO16 646.982 -5.1409 15 11 No 
Cyanidin-3-glucoside 197081 C21H21ClO11 484.841 -2.614 10 8 No 
Delphinidin-3-o-beta-glucoside 443650 C21H21O12+ 465.387 0.0876 11 9 No 
Lignin 175586 C18H13N3Na2O8S2 509.429 -3.2646 10 2 No 
Malvidin-3,5-diglucoside 441765 C29H35O17+ 655.582 -1.8333 16 10 No 
Malvidin-3-glucoside 443652 C23H25O12+ 493.441 0.6936 11 7 No 
Pelargonidin-3,5-diglucoside 167642 C27H31ClO15 630.983 -4.8465 14 10 No 
Petunidin-3,5-diglucoside 71587075 C28H33ClO17 677.008 -5.1323 16 11 No 
Petunidin-3-glucoside 443651 C22H23O12+ 479.414 0.3906 11 8 No 
p-Hydroxybenzoic acid 135 C7H6O3 138.122 1.0904 2 2 Yes 
Hydroxycinnamic acid 637542 C9H8O3 164.16 1.49 2 2 Yes 
O-coumaric acid 637540 C9H8O3 164.16 1.49 2 2 Yes 
Caffeic acid 689043 C9H8O4 180.159 1.1956 3 3 Yes 
Ferulic acid 445858 C10H10O4 194.186 1.4986 3 2 Yes 
Sinapic acid 637775 C11H12O5 224.212 1.5072 4 2 Yes 
Vanillic acid 8468 C8H8O4 168.148 1.099 3 2 Yes 
Syringic acid 10742 C9H10O5 198.174 1.1076 4 2 Yes 
Kaempferol 5280863 C15H10O6 286.239 2.2824 6 4 Yes 
Kaempferol 3-O-(6”-O-malonyl) 
glucoside 135397993 C24H20O14-2 532.41 -

2.18566 14 5 No 

Quercetin 5280343 C15H10O7 302.238 1.988 7 5 Yes 
Quercetin 3-O-(6“-O-malonyl) 
glucoside 5282159 C24H22O15 550.425 -0.5133 14 8 No 

Isoquercetin 5280804 C21H20O12 464.379 -0.5389 12 8 No 
Myricetin 5281672 C15H10O8 318.237 1.6936 8 6 Yes 
Myricetin 3-O-arabinoside 14524429 C20H18O12 450.352 -0.1942 12 8 No 
Myricetin-3-rhamnoside 5281673 C21H20O12 464.379 0.1943 12 8 No 
(+)-Catechin 9064 C15H14O6 290.271 1.5461 6 5 Yes 
Pelargonidin 3-O-glucoside 443648 C21H21O10+ 433.389 0.6764 9 7 Yes 
Proanthocyanidins 107876 C30H26O13 594.525 2.7327 13 10 No 
Orientin 5281675 C21H20O11 448.38 -0.2027 11 8 No 
Rutin 5280805 C27H30O16 610.521 -1.6871 16 10 No 
Hyperoside 5281643 C21H20O12 464.379 -0.5389 12 8 No 
Isorhamnetin-3-O-glucoside 5318645 C22H22O12 478.406 -0.2359 12 7 No 
Luteolin 5280445 C15H10O6 286.239 2.2824 6 4 Yes 
Luteolin-7-O-glucoside 5280637 C21H20O11 448.38 -0.2445 11 7 No 

*CID: Compound identification; HBA: Hydrogen bond acceptor; HBD:  Hydrogen bond donor. 

 
 High-molecular-weight constituents including anthocyanins, glycosylated flavonoids, 
and proanthocyanidins displayed multiple violations, primarily due to excessive molecular 
weight and hydrogen-bonding capacity, which predict poor passive membrane permeability. 
In contrast, low-molecular-weight phenolic acids such as caffeic, ferulic, vanillic, and sinapic 
acids showed optimal physicochemical profiles supportive of good oral absorption. Sterol-
type compounds (stigmasterol, β-sitosterol, obtusifoliol, 24-α-methyllophenol) exhibited 
high lipophilicity (LogP >7), representing a single acceptable violation within Lipinski’s 
framework and potentially enhancing membrane diffusion. Aglycone flavonoids including 
daidzein, genistein, kaempferol, and luteolin demonstrated more balanced drug-likeness 
properties. Overall, compounds such as estradiol-17β, caffeic acid, ferulic acid, sinapic acid, 
daidzein, genistein, kaempferol, and luteolin were identified as the most promising 
candidates for subsequent ADMET and docking evaluation [8].  
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3.2 ADMET and Physicochemical Properties P. vulgaris bean  

ADMET prediction of 46 P. vulgaris compounds (Table 2) showed that sterols such as 24-
α-methyllophenol, stigmasterol, β-sitosterol, phytosterol, and obtusifoliol possessed the most 
favorable pharmacokinetic characteristics, including high intestinal absorption (>93%) and 
strong Caco-2 permeability (>0.90), reflecting their lipophilic nature. In contrast, 
anthocyanins and glycosylated flavonoids exhibited low absorption (0–50%) due to high 
polarity and large molecular size [9].  

Table 2. ADMET Properties P. vulgaris bean Active Compounds 

Compounds 

Absorption Distribution Metabolism 
(inhibitor) 

Excre-
tion Toxicity 

Caco2 
Perme-
ability 

Intestin
al 

Absorp-
tion 

VDss BBB CNS CYP 
2D6  

CYP 
3A4 

Total 
CL 

A
M
ES 

He
pa 

Beta-sitosterol 1.201 94.464 0.193 0.781 -1.705 No No 0.628 No No 
Campesterol 1.223 94.543 0.427 0.774 -1.758 No No 0.572 No No 
Estradiol-17-beta 1.766 93.898 0.549 -0.072 -1.33 No No 0.784 No No 
Phytosterols 1.201 94.464 0.193 0.781 -1.705 No No 0.628 No No 
Propane-1-thiol 1.385 93.406 0.062 0.11 -2.307 No No 0.232 No No 
Stigmasterol 1.213 94.97 0.178 0.771 -1.652 No No 0.618 No No 
24-alpha-
methyllophenol 1.215 95.539 0.173 0.792 -1.721 No No 0.538 No No 

Abscisic-acid 0.913 96.712 -0.862 -0.047 -2.913 No No 0.304 No No 
Daidzein 0.903 94.839 -0.172 -0.064 -1.992 No No 0.164 No No 
Genistein 0.9 93.387 0.094 -0.71 -2.048 No No 0.151 No No 
Obtusifoliol 1.204 93.264 0.443 0.724 -1.592 No No 0.529 No No 
Anthocyanins -0.35 87.303 0.952 -1.234 -2.218 No No 0.532 No No 
Cyanidin-3,5-
diglucoside -1.233 0 1.121 -2.027 -5.25 No No -0.072 No No 

Cyanidin-3-
glucoside 0.263 29.927 1.49 -1.374 -4.213 No No 0.548 No No 

Delphinidin-3-o-
beta-glucoside -1.121 32.504 1.112 -2.156 -4.45 No No 0.571 No No 

Lignin -0.428 0 -1.636 -1.384 -4.141 No No 1.498 No No 
Malvidin-3,5-
diglucoside -1.345 0 1.205 -2.459 -5.358 No No -0.077 No No 

Malvidin-3-
glucoside 0.116 46.812 0.937 -1.887 -4.3 No No 0.676 No No 

Pelargonidin-3,5-
diglucoside -1.009 0 0.865 -1.839 -5.066 No No 0.135 No No 

Petunidin-3,5-
diglucoside -1.335 0 1.099 -2.183 -5.865 No No -0.096 No No 

Petunidin-3-
glucoside -0.974 42.394 1.112 -1.947 -4.407 No No 0.635 No No 

p-Hydroxybenzoic 
acid 1.151 83.961 -1.557 -0.334 -3.21 No No 0.593 No No 

Hydroxycinnamic 
acid 1.21 93.494 -1.151 -0.225 -2.418 No No 0.662 No No 

O-coumaric acid 1.21 93.494 -1.191 -0.225 -2.418 No No 0.736 No No 
Caffeic acid 0.634 69.407 -1.098 -0.647 -2.608 No No 0.508 No No 
Ferulic acid 0.176 93.685 -1.367 -0.239 -2.612 No No 0.623 No No 
Sinapic acid 0.272 93.064 -1.11 -0.247 -2.663 No No 0.718 No No 
Vanillic acid 0.33 78.152 -1.739 -0.38 -2.628 No No 0.628 No No 
Syringic acid 0.495 73.076 -1.443 -0.191 -2.701 No No 0.646 No No 
Kaempferol 0.032 74.29 1.274 -0.939 -2.228 No No 0.477 No No 
Kaempferol 3-O-
(6”-O-malonyl) 
glucoside 

-0.767 25.236 0.751 -1.375 -4.22 No No 0.387 No No 

Quercetin -0.229 77.207 1.559 -1.098 -3.065 No No 0.407 No No 
Quercetin 3-O-(6“-
O-malonyl) 
glucoside 

-1.205 24.325 1.717 -1.982 -4.377 No No 0.531 No No 

Isoquercetin 0.242 47.999 1.846 -1.688 -4.093 No No 0.394 No No 
Myricetin 0.095 65.93 1.317 -1.493 -3.709 No No 0.422 No No 
Myricetin 3-O-
arabinoside -1.351 45.592 1.52 -1.992 -4.563 No No 0.418 No No 

Myricetin-3-
rhamnoside -0.982 43.334 1.552 -1.811 -4.376 No No 0.303 No No 

(+)-Catechin -0.283 68.829 1.027 -1.054 -3.298 No No 0.183 No No 
Pelargonidin 3-O-
glucoside 0.14 48.354 0.984 -1.525 -3.628 No No 0.564 No No 

Proanthocyanidins 0.131 55.527 0.193 -1.783 -4.106 No No -0.058 No No 
Orientin -1.25 43.733 1.486 -1.639 -4.018 No No 0.374 No No 
Rutin -0.949 23.446 1.663 -1.899 -5.178 No No -0.369 No No 
Hyperoside 0.242 47.999 1.846 -1.688 -4.093 No No 0.394 No No 
Isorhamnetin-3-O-
glucoside 0.333 49.713 1.246 -1.723 -4.216 No No 0.492 No No 

Luteolin 0.096 81.13 1.153 -0.907 -2.251 No No 0.495 No No 
Luteolin-7-O-
glucoside 0.248 37.556 0.884 -1.564 -3.93 No No 0.478 No No 

*Caco-2: Human colon adenocarcinoma cell line; VDss: Volume of distribution at steady state; BBB: Blood-brain barrier; CNS: 
Central nervous system; CYP: Cytochrome P450 enzymes; Total CL: Total clearance; AMES: Bacterial reverse mutation assay; 
Hepa: Hepatotoxicity. 
 

Regarding distribution, sterols presented moderate log VDss values (–0.15 to 0.45), 
indicating relatively even systemic distribution, whereas polar phenolic compounds such as 
pelargonidin-3-O-glucoside, quercetin, myricetin, and catechin showed limited predicted 
CNS penetration (log BB < -1; log PS < -3). None of the compounds were predicted to inhibit 
CYP2D6 or CYP3A4, suggesting a low likelihood of metabolic drug–drug interactions. 
Predicted clearance varied, with estradiol-17β exhibiting the highest elimination rate. 
Toxicity assessments further indicated that all compounds were negative for AMES 
mutagenicity and hepatotoxicity, supporting an overall favorable safety profile [10]. 
 Collectively, these results identify sterols as the most promising orally active candidates, 
whereas glycosylated phenolics may exhibit reduced bioavailability due to their 
physicochemical constraints. 
 
3.3  Validation of  Docking Method  

Validation of the docking protocol was performed by re-docking each native ligand into its 
respective receptor structure. Setmelanotide re-docking in MC4R produced an RMSD of 
1.465 ± 0.047 Å, while danuglipron re-docking in GLP-1R yielded an RMSD of 1.390 ± 
0.293 Å. Both values fall well below the accepted 2 Å threshold, confirming the accuracy of 
the docking method. The close overlap between native and re-docked poses (Figure 1) further 
verifies that the workflow reliably reproduces crystallographic ligand orientations and is 
appropriate for subsequent interaction analyses [11]. 
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Setmelanotide in MC4R and (b) Danuglipron in GLP-1R, 
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The molecular docking results presented in Table 3 show variations in binding energy (ΔG) 
and residue similarity between P. vulgaris bioactive compounds and the control ligands at 
both MC4R and GLP-1R. These parameters provide an initial indication of ligand 
compatibility with the binding pockets of each receptor. Meanwhile, detailed interaction 
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3.2 ADMET and Physicochemical Properties P. vulgaris bean  

ADMET prediction of 46 P. vulgaris compounds (Table 2) showed that sterols such as 24-
α-methyllophenol, stigmasterol, β-sitosterol, phytosterol, and obtusifoliol possessed the most 
favorable pharmacokinetic characteristics, including high intestinal absorption (>93%) and 
strong Caco-2 permeability (>0.90), reflecting their lipophilic nature. In contrast, 
anthocyanins and glycosylated flavonoids exhibited low absorption (0–50%) due to high 
polarity and large molecular size [9].  

Table 2. ADMET Properties P. vulgaris bean Active Compounds 

Compounds 

Absorption Distribution Metabolism 
(inhibitor) 

Excre-
tion Toxicity 

Caco2 
Perme-
ability 

Intestin
al 

Absorp-
tion 

VDss BBB CNS CYP 
2D6  

CYP 
3A4 

Total 
CL 

A
M
ES 

He
pa 

Beta-sitosterol 1.201 94.464 0.193 0.781 -1.705 No No 0.628 No No 
Campesterol 1.223 94.543 0.427 0.774 -1.758 No No 0.572 No No 
Estradiol-17-beta 1.766 93.898 0.549 -0.072 -1.33 No No 0.784 No No 
Phytosterols 1.201 94.464 0.193 0.781 -1.705 No No 0.628 No No 
Propane-1-thiol 1.385 93.406 0.062 0.11 -2.307 No No 0.232 No No 
Stigmasterol 1.213 94.97 0.178 0.771 -1.652 No No 0.618 No No 
24-alpha-
methyllophenol 1.215 95.539 0.173 0.792 -1.721 No No 0.538 No No 

Abscisic-acid 0.913 96.712 -0.862 -0.047 -2.913 No No 0.304 No No 
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Genistein 0.9 93.387 0.094 -0.71 -2.048 No No 0.151 No No 
Obtusifoliol 1.204 93.264 0.443 0.724 -1.592 No No 0.529 No No 
Anthocyanins -0.35 87.303 0.952 -1.234 -2.218 No No 0.532 No No 
Cyanidin-3,5-
diglucoside -1.233 0 1.121 -2.027 -5.25 No No -0.072 No No 

Cyanidin-3-
glucoside 0.263 29.927 1.49 -1.374 -4.213 No No 0.548 No No 
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Petunidin-3-
glucoside -0.974 42.394 1.112 -1.947 -4.407 No No 0.635 No No 

p-Hydroxybenzoic 
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Hydroxycinnamic 
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glucoside 

-1.205 24.325 1.717 -1.982 -4.377 No No 0.531 No No 
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Central nervous system; CYP: Cytochrome P450 enzymes; Total CL: Total clearance; AMES: Bacterial reverse mutation assay; 
Hepa: Hepatotoxicity. 
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whereas glycosylated phenolics may exhibit reduced bioavailability due to their 
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1.465 ± 0.047 Å, while danuglipron re-docking in GLP-1R yielded an RMSD of 1.390 ± 
0.293 Å. Both values fall well below the accepted 2 Å threshold, confirming the accuracy of 
the docking method. The close overlap between native and re-docked poses (Figure 1) further 
verifies that the workflow reliably reproduces crystallographic ligand orientations and is 
appropriate for subsequent interaction analyses [11]. 
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Figure 1. Superimposition of native ligands before (green) and after re-docking (purple) for (a) 
Setmelanotide in MC4R and (b) Danuglipron in GLP-1R, 
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The molecular docking results presented in Table 3 show variations in binding energy (ΔG) 
and residue similarity between P. vulgaris bioactive compounds and the control ligands at 
both MC4R and GLP-1R. These parameters provide an initial indication of ligand 
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patterns including ligand positioning, interacting residues, and interaction types are 
visualized in Figure 2 for MC4R and Figure 3 for GLP-1R. 

Table 3. Affinity and Amino Acid Residue Similarity of P. vulgaris Compounds with MC4R and GLP-1R 

Ligand 

MC4R GLP-1R 

ΔG 
(kkal/mol) 

% Residue 
Similarity to Native 

Ligand 

ΔG 
(kkal/mol) 

% Residue 
Similarity to 

Native Ligand 
Setmelanotide (Native ligand) -10 100 - - 
Danuglipron (Native ligan) - - -13.1 100 
Stigmasterol -8.9 50 -11.7 43.5 
Campesterol -8.6 26.9 -11.5 30.4 
Phytosterols -8.4 38.5 -11.8 30.4 
Beta-sitosterol -8.4 38.5 -11.8 34.7 
24-alpha-methyllophenol -8.1 30.7 -12.4 34.7 
Obtusifoliol -7.8 42.3 -11.3 56.5 
Proanthocyanidins -7.6 26.9 -7.8 39.1 
Malvidin-3,5-diglucoside -7.6 15.4 -8.0 56.5 
Luteolin-7-O-glucoside -7.5 23 -10.4 26 
Rutin -7.4 42.3 -9.0 52.1 
Orientin -7.3 42.3 -10.3 30.4 
Cyanidin-3,5-diglucoside -7.3 38.5 -8.7 56.5 
Cyanidin-3-glucoside -7.3 15.4 -9.9 34.7 
Pelargonidin-3,5-diglucoside -7.3 34.6 -8.5 52.1 
Estradiol-17-beta -7.2 23 -10.8 17.4 
Delphinidin-3-o-beta-glucoside -7.2 19.2 -9.4 43.5 
Lignin -7.2 26.9 -10.0 34.7 
Pelargonidin 3-O-glucoside -7.1 11.5 -9.9 34.7 
Petunidin-3-glucoside -7.1 19.2 -9.2 39.1 
Petunidin-3,5-diglucoside -7.1 38.5 -7.9 47.8 
Anthocyanins -7 42.3 -9.2 30.4 
Hyperoside -7 42.3 -8.6 30.4 
Malvidin-3-glucoside -7 23 -8.5 26 
Quercetin 3-O-(6"-O-malonyl) glucoside -7 42.3 -9.5 39.1 
(+)-Catechin -6.9 38.5 -9.0 30.4 
Isoquercetin -6.9 23 -9.4 26 
Kaempferol 3-O-(6"-O-malonyl) glucoside -6.7 38.5 -9.4 47.8 
Quercetin -6.6 38.5 -9.3 30.4 
Luteolin -6.6 38.5 -9.8 21.7 
Isorhamnetin-3-O-glucoside -6.6 26.9 -8.5 34.7 
Myricetin-3-rhamnoside -6.6 34.6 -9.6 34.7 
Kaempferol -6.5 34.6 -9.0 26 
Genistein -6.4 34.6 -9.1 17.4 
Myricetin -6.4 26.9 -9.1 30.4 
Daidzein -6.4 30.7 -9.2 26 
Myricetin 3-O-arabinoside -6.4 15.4 -8.9 30.4 
Abscisic-acid -5.9 19.2 -8.3 30.4 
Sinapic acid -5.6 15.4 -7.0 17.4 
O-coumaric acid -5.5 15.4 -6.8 21.7 
Syringic acid -5.4 7.6 -6.2 26 
Ferulic acid -5.4 19.2 -6.8 26 
Caffeic acid -5.3 11.5 -6.6 26 
Hydroxycinnamic acid -5.2 11.5 -6.6 21.7 
Vanillic acid -5.2 7.6 -6.1 21.7 
p-Hydroxybenzoic acid -4.8 15.4 -6.0 21.7 
Propane-1-thiol -2.2 19.2 -2.7 8.7 

 
At MC4R, the native ligand setmelanotide showed a binding energy of -10.0 kcal/mol 

and interacted with aromatic and hydrophobic residues in the core transmembrane pocket 
(Figure 2a), consistent with active-state MC4R structural data that highlight the role of these 
residues in agonist stabilization [4,12]. Sterol compounds including stigmasterol, 
campesterol, β-sitosterol, phytosterols, 24-α-methyllophenol, and obtusifoliol demonstrated 
comparable affinities (-11.7 to -11.3 kcal/mol) and occupied the same hydrophobic pocket 
(Figure 2b), forming extensive contacts with leucine, isoleucine, and phenylalanine residues 
characteristic of lipophilic agonist binding in MC4R [4]. 

(a) (b) (c) (d) 
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Figure 2. Amino acid residue interactions of the top-binding P. vulgaris compounds with MC4R: (a) 
Setmelanotide (native ligand); (b) Stigmasterol; (c) Obtusifoliol; (d) Rutin; (e) Orientin; (f) 
Anthocyanins; (g) Hyperoside. 

 
 
Among the flavonoids and anthocyanins such as rutin, orientin, and hyperoside residue 

similarity scores ranged from 38% to 56%. Despite exhibiting weaker binding affinities, 
Figures 2c–f show that these compounds formed extensive hydrogen-bond networks and π–
π interactions with aromatic residues in the MC4R pocket. Such interaction patterns align 
with the known behavior of flavonoids, which often stabilize GPCR–ligand complexes 
through hydrogen bonding, polar interactions, and aromatic π–π stacking even when their 
overall affinities are lower than those of hydrophobic ligands [13]. 

At GLP-1R, the native ligand danuglipron showed the strongest binding affinity (-13.1 
kcal/mol), interacting with key polar and aromatic residues in the transmembrane pocket 
(Figure 3a), consistent with cryo-EM structural data that emphasize the roles of GLU, ARG, 
TYR, and TRP in stabilizing small-molecule agonists [14,15]. Among the tested compounds, 
24-α-methyllophenol exhibited the most favorable affinity (-12.4 kcal/mol), followed by 
other sterols with energies of -11.5 to -11.7 kcal/mol (Table 3). As shown in Figure 3b, these 
sterols occupied the lipophilic pocket of GLP-1R and interacted predominantly with 
hydrophobic residues such as leucine, isoleucine, and valine, consistent with binding modes 
previously described for GLP-1R agonists [14]. 

Flavonoids and anthocyanins particularly rutin, cyanidin-3,5-diglucoside, and malvidin-
3,5-diglucoside—showed relatively high residue similarity scores (47–56%) despite lower 
binding affinities. As illustrated in Figures 3c–f, these polyphenols formed consistent 
hydrogen-bond interactions with polar residues such as GLN221, LYS197, LEU217, and 
CYS296, with additional contacts involving SER206. They also engaged aromatic and 
hydrophobic residues including TRP203, TRP33, PHE381, PHE385, and TYR220, which 
dominate the GLP-1R binding pocket. This multipoint interaction pattern reflects the typical 
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patterns including ligand positioning, interacting residues, and interaction types are 
visualized in Figure 2 for MC4R and Figure 3 for GLP-1R. 
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behavior of polyphenols, whose multiple hydroxyl groups and aromatic rings enable 
simultaneous hydrogen bonding and π–π stacking with receptor residues [13]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 3. Amino acid residue interactions of the top-binding P. vulgaris compounds with GLP-1R: (a) 
Danuglipron (native ligand); (b) Obtusifoliol; (c) Malvidin-3.5-diglucoside; (d) Cyanidin-3.5-
diglucoside; (e) Pelargonidin-3.5-diglucoside; (f) Rutin; (g) Kaempferol 3-O-(6"-O-malonyl) 
glucoside. 

Docking integration (Table 3; Figures 2–3) shows that sterols and 
flavonoids/anthocyanins exhibit complementary interaction profiles. Sterols bind MC4R and 
GLP-1R with strong hydrophobic interactions characteristic of lipophilic GPCR agonists 
[4,14], whereas flavonoids and anthocyanins engage receptors mainly through hydrogen 
bonding and aromatic contacts that may enhance complex stability. These combined 
interaction patterns suggest a potential synergistic contribution to receptor modulation. 

4 Conclusions 
In silico analysis indicates that P. vulgaris seeds contain several compounds particularly 
sterols such as stigmasterol, obtusifoliol, and 24-α-methyllophenol with strong binding 
affinities and favorable ADMET profiles toward MC4R and GLP-1R, suggesting potential 
anorexigenic activity. Overall, P. vulgaris shows promise as a natural source of candidate 
modulators for appetite-regulating pathways, though further in vitro and in vivo studies are 
needed to validate these findings and assess their relevance for pediatric obesity management. 
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behavior of polyphenols, whose multiple hydroxyl groups and aromatic rings enable 
simultaneous hydrogen bonding and π–π stacking with receptor residues [13]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 3. Amino acid residue interactions of the top-binding P. vulgaris compounds with GLP-1R: (a) 
Danuglipron (native ligand); (b) Obtusifoliol; (c) Malvidin-3.5-diglucoside; (d) Cyanidin-3.5-
diglucoside; (e) Pelargonidin-3.5-diglucoside; (f) Rutin; (g) Kaempferol 3-O-(6"-O-malonyl) 
glucoside. 

Docking integration (Table 3; Figures 2–3) shows that sterols and 
flavonoids/anthocyanins exhibit complementary interaction profiles. Sterols bind MC4R and 
GLP-1R with strong hydrophobic interactions characteristic of lipophilic GPCR agonists 
[4,14], whereas flavonoids and anthocyanins engage receptors mainly through hydrogen 
bonding and aromatic contacts that may enhance complex stability. These combined 
interaction patterns suggest a potential synergistic contribution to receptor modulation. 

4 Conclusions 
In silico analysis indicates that P. vulgaris seeds contain several compounds particularly 
sterols such as stigmasterol, obtusifoliol, and 24-α-methyllophenol with strong binding 
affinities and favorable ADMET profiles toward MC4R and GLP-1R, suggesting potential 
anorexigenic activity. Overall, P. vulgaris shows promise as a natural source of candidate 
modulators for appetite-regulating pathways, though further in vitro and in vivo studies are 
needed to validate these findings and assess their relevance for pediatric obesity management. 
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