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ABSTRACT 

Aim: Hesperidin and its derivatives, including hesperetin, diosmin, diosmetin, and neohesperidin, are flavonoids predominantly found in 
citrus fruits. These compounds have gained significant interest due to their potential therapeutic effects, particularly in estrogen receptor-
related diseases. This study aims to evaluate the binding affinities and interaction mechanisms of hesperidin and its derivatives with estrogen 
receptor alpha (ER-α) using molecular docking techniques. 
Methods: Molecular docking simulations were performed to determine the binding energies of hesperidin derivatives with ER-α. ADMET 
(Absorption, Distribution, Metabolism, Excretion, and Toxicity) analysis was conducted to evaluate pharmacokinetic properties, including 
bioavailability, blood-brain barrier permeability, and intestinal absorption. 
Results: Diosmin exhibited the highest binding affinity among the derivatives, with a binding energy comparable to Tamoxifen, a standard 
anti-cancer drug. However, its slightly lower binding energy may affect its clinical efficacy. Neohesperidin demonstrated promising affinity 
but had poor intestinal absorption, limiting its bioavailability. ADMET analysis revealed that while these flavonoids generally have favorable 
pharmacokinetic properties, factors such as poor blood-brain barrier permeability and variable absorption rates may restrict their therapeutic 
effectiveness.  
Conclusion: Despite certain pharmacokinetic challenges, hesperidin and its derivatives exhibit promising interactions with ER-α, suggesting 
their potential as alternative or adjunct therapies to Tamoxifen.  
Keywords: Hesperidin, Diosmin, Estrogen Receptor, Molecular Docking, Pharmacokinetics, Bioavailability 

ÖZ 

Amaç: Hesperidin ve türevleri olan hesperetin, diosmin, diosmetin ve neohesperidin, ağırlıklı olarak narenciye meyvelerinde bulunan 
biyoaktif bileşiklerdir. Bu bileşikler, özellikle östrojen reseptörüyle ilişkili hastalıklardaki potansiyel terapötik etkileri nedeniyle önemli ölçüde 
ilgi görmektedir. Bu çalışma, hesperidin ve türevlerinin östrojen reseptör alfa (ER-α) ile olan bağlanma afinitelerini ve etkileşim 
mekanizmalarını moleküler docking (bağlanma simülasyonu) teknikleri kullanarak değerlendirmeyi amaçlamaktadır. 
Yöntemler: Hesperidin türevlerinin ER-α ile bağlanma enerjilerini belirlemek amacıyla moleküler docking simülasyonları gerçekleştirilmiştir. 
Ayrıca, biyoyararlanım, kan-beyin bariyeri geçirgenliği ve bağırsak emilimi gibi farmakokinetik özellikleri değerlendirmek için ADMET (Emilim, 
Dağılım, Metabolizma, Atılım ve Toksisite) analizi yapılmıştır. 
Bulgular: Diosmin, türevler arasında en yüksek bağlanma afinitesini göstermiş ve bu değeriyle standart bir anti-kanser ilacı olan Tamoksifen’e 
yakın bir bağlanma enerjisi elde etmiştir. Ancak, biraz daha düşük bağlanma enerjisi klinik etkinliğini etkileyebilir. Neohesperidin umut verici 
bir bağlanma afinitesi göstermiştir, ancak zayıf bağırsak emilimi nedeniyle biyoyararlanımı sınırlıdır. ADMET analizi, bu flavonoidlerin genel 
olarak olumlu farmakokinetik özelliklere sahip olduğunu, ancak zayıf kan-beyin bariyeri geçirgenliği ve değişken emilim oranları gibi bazı 
etkenlerin terapötik etkinliklerini sınırlayabileceğini ortaya koymuştur. 
Sonuç: Belirli farmakokinetik zorluklara rağmen, hesperidin ve türevleri ER-α ile umut verici etkileşimler sergilemekte olup, Tamoksifen'e 
alternatif veya tamamlayıcı tedavi seçenekleri olarak potansiyele sahiptir. 
Anahtar Kelimeler: Hesperidin, Diosmin, Östrojen Reseptörü, Moleküler Docking, Farmakokinetik, Biyoyararlanım 
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Introduction 

Flavonoids are a diverse group of phytonutrients found in various fruits and vegetables, known for their 

potent antioxidant properties. Among these, the flavanones hesperidin, hesperitin, diosmin, diosmetin, and 

neohesperidin have garnered significant attention due to their potential health benefits. These chemicals are 

mostly present in the citrus fruit and have been well researched for their pharmacological activities. 

Hesperidin is a flavanone glycoside predominantly found in citrus fruits such as oranges and lemons. It has a 

variety of biological actions, including anti-carcinogenic, anti-inflammatory, and antioxidant effects. 

Hesperidin has been shown to reduce blood lipid levels and enhance vascular endothelial function, thus 

playing a crucial role in cardiovascular health.1 Furthermore, hesperidin has shown neuroprotective 

advantages, making it a good option for treating neurodegenerative illnesses.2 

Hesperitin is the aglycone form of hesperidin and shares many of its precursor's biological activities. 

Hesperitin exhibits strong anti-inflammatory, antioxidant, and antimicrobial effects. It has been shown to 

inhibit the proliferation of various cancer cell lines and induce apoptosis, making it a significant compound in 

cancer research.1 Furthermore, hesperitin's ability to cross the blood-brain barrier enhances its potential in 

treating central nervous system disorders.2 

Diosmin, another flavanone glycoside, is used therapeutically in chronic venous insufficiency and 

hemorrhoidal disease due to its vascular protective effects. Diosmin's ability to improve venous tone, 

lymphatic drainage, and microcirculation is well documented.3 Its anti-inflammatory and antioxidant 

properties further contribute to its therapeutic potential.4 Recent studies have also highlighted diosmin's role 

in modulating glucose and lipid metabolism, suggesting benefits in managing metabolic syndrome.3 

Diosmetin is the aglycone derivative of diosmin and possesses similar biological activities. Diosmetin is noted 

for its anti-inflammatory and antioxidant properties, which are attributed to its capacity to modulate key 

signaling pathways involved in inflammation and oxidative stress.4 Additionally, diosmetin has shown 

promise in cancer therapy, where it exerts cytotoxic effects on cancer cells through the induction of apoptosis 

and cell cycle arrest.4 

Neohesperidin is another important flavanone glycoside found in citrus fruits, often converted to its aglycone 

form, neohesperitin. Neohesperidin has demonstrated significant anti-inflammatory, antioxidant, and lipid-

lowering effects.5 Its potential in modulating glucose metabolism and enhancing insulin sensitivity 

underscores its utility in diabetes management. 5 Moreover, neohesperidin is studied for its neuroprotective 

properties, offering potential benefits in neurodegenerative diseases.3 

Hesperidin and its derivatives have also been investigated for their interactions with estrogen receptors, 

particularly estrogen receptor alpha (ERα). These interactions are significant as they can influence the 

regulation of various biological processes. Hesperidin has been shown to regulate estrogen signaling 

pathways, which play a crucial role in bone health by promoting osteogenesis and reducing osteoclastic 

activity.6 Furthermore, hesperidin's modulation of ERα has been implicated in its anti-cancer properties, 

particularly in breast cancer, where it inhibits the proliferation of cancer cells and induces apoptosis.6 

Similarly, hesperetin has been found to exhibit selective estrogen receptor modulation, contributing to its 

potential therapeutic effects in hormone-related conditions.7 

This study aims to shed light on the development of novel therapeutic agents for estrogen receptor-related 

pathologies by investigating the detailed interactions between hesperidin and its derivatives with estrogen 

receptor alpha (ER-α). Given the crucial role of ER-α in diseases such as breast cancer and osteoporosis, 

elucidating the interaction mechanisms of these flavanones with the receptor may contribute to the 
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development of more targeted treatment strategies for these conditions. In this context, the findings of the 

study could pave the way for new approaches in cancer research and the treatment of hormone-related 

disorders. 

Materials and Methods 

Protein and Ligand Preparation: 

ER-a (PDB ID:3ERT) 3D crystal structure was downloaded from the protein data bank.8 The 3ERT structure 

found in the Protein Databank represents estrogen receptor alpha in complex with 4-hydroxytamoxifen.  

3ERT is classified as a nuclear receptor [9]. Tamoxifen is the most widely used selective estrogen receptor 

modulator in breast cancer. Therefore, the 3ERT structure complexed with 4-hydroxytamoxifen was used.  

Protein structure was prepared with the help of Discovery Studio program.10 Since 3ERT has a homodimer 

structure, one of the chains was removed and monomerized. The ligand and water molecules in the 3D crystal 

structure were removed. The smiles structures of the ligands were taken from PubChem 

(https://pubchem.ncbi.nlm.nih.gov/) database and converted to pdb file format via Novoprolabs converter 

(https://www.novoprolabs.com/tools/smiles2pdb). Hesperidin, hesperetin, diosmin, diosmetin, 

neohesperdin molecules were used as ligands. The natural 4-hydroxy-tamoxifen hesperidin and its 

derivatives in 3ERT crystal structure were used for control. 

Molecular docking: 

Autodock Vina was used in molecular docking studies. Receptor and ligand molecules were made ready for 

docking with the help of Autodock 4.2.6 program.11 By determining the binding site of the original ligands in 

the crystal structure of the receptor molecules; grid box settings were created. Grid box settings were set to 

x = 27.432, y =-2.033, z = 26.269 coordinates and 30x30x30 dimensions. For each ligand, the structure with 

the lowest binding energy was determined as the best structure. After docking, the interactions between 

receptor and ligand molecules were examined using Discovery Studio Visualizer program. 

Determination of Pharmacokinetic and Toxicological Properties: 

Pharmacokinetic, toxicity properties of the ligands were determined using pKCSM 

(https://biosig.lab.uq.edu.au/pkcsm/) web tools. SMILES structures of hesperidin and its derivatives were 

loaded into pKCSM to obtain ADMET properties. 

Results  

Molecular docking studies 

The molecular docking data for the binding of hesperidin and its derivatives to the estrogen receptor protein 

(3ERT) are presented in Table 1. 4-Hydroxytamoxifen is the natural ligand in the crystal structure of 3ERT and 

was again docked and validated. 
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Table 1. Summary of the estimated binding affinity (measured in kcal/mol) of the docked ligands against the ER-a receptor and the 

specific residues with which they interact at the binding sites. 

Ligands 
 
Binding energy 
(kcal/mol) 

 Interacted residues with ligand 
Hydrogen 
bond 

Pi-Sulfur Alkyl and Pi- Alkyl 

4OHT (Reference) -9,8 GLU353 MET343 ALA350, MET388, LEU428, LEU525 

Tamoxifen 
(Anticancer drug) 

-9,0   LEU346, ALA350, TRP383, LEU525 

Diosmin -8,8 LEU525, 
VAL534, 
LEU536 

MET343, 
ASP351 

ALA350, LEU384, LEU387, MET388, LEU391, LEU525 

Neohesperidin -8,6 CYS530 MET343 LEU346, ALA350, LEU525 

Hesperidin -8,5 GLU380, 
TRP383, 
CYS530,  
VAL535 

MET343 LEU346, ALA350, LEU525 

Diosmetin -7,8 GLU353 MET343 ALA350, LEU387, LEU525 

Hesperitin -7,1 THR347, 
GLY420, 
HIS524 

MET343 ALA350, TRP383, LEU525 

 

The docking analyses were validated against ligand 4-hydroxy-tamoxifen. The best docking findings were 

shown by the natural ligand 4-hydroxytamoxifen, which had the most advantageous free bond kinetic energy 

of-9.8 kcal/mol. Diosmin has a free bond kinetic energy of-8.8 kcal/mol, while tamoxifen, an anticancer 

medication, falls closely behind with a value of-9.0 kcal/mol. The highest compound was the positive control 

compound 4-hydroxytamoxifen (OHT).  It is seen that diosmine, one of the hesperidin derivatives, has a 

binding energy close to tamoxifen. It binds to a binding site similar to the reference ligand, as indicated by 

the amino acids marked in red in Table 1.  Hesperidin and its derivatives have the potential to be 3ERT 

inhibitors by interacting with amino acids in the 3ERT active site.  The interactions between the 3ERT receptor 

molecule and the binding ligands are given in the Figure 1. 
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Figure 1. Binding pose profile of Ligands in the ER-a binding domain two-dimension (2D) and three-dimension 

(3D) interactions analysis.  Diosmin and ER-a binding domain 2D and 3D interactions (a-b). Neohesperidin 

and ER-a binding domain 2D and 3D interactions (c-d). Hesperidin and ER-a binding domain 2D and 3D 

interactions (e-f). Diosmetin and ER-a binding domain 2D and 3D interactions (g-h). Hesperitin and ER-a 

binding domain 2D and 3D interactions (i-j). 
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Figure 2 shows the SAS, H-Bond and hydrophilicity properties of the ligands dockigged with 3ERT. SAS surface 

is shown with blue color scale 25.0, 22.5, 20, 17.5 and green color scale 15.0, 12.5, 10.0. The hydrogen bond 

surface is shown with the donor color in purple and acceptor in green. Figure 2 illustrate the measurement 

of solvent-accessible surface area, highlighting how much a molecule can interact with the solvent. 

Additionally, it addresses the hydrophobic nature of the compound, which is influenced by the presence of 

nonpolar groups or molecules in water, due to water's tendency to exclude nonpolar substances. 

 

Figure 2. SAS, H-bond (Donor −Acceptor), and Hydrophobicity of 3ERT with Ligands. 
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Investigation of ADMET Properties 

The ADMET prediction of hesperidin and its derivatives using pKCSM can be seen in Table 2.  

Table 2. ADMET features 

The capacity of a substance to permeate Caco-2 cells while exhibiting excellent absorption in the gut of 

humans is indicated by its high permeability. If absorption from the intestine is less than 30%, the substance 

is considered poorly absorbed. In addition, Caco2 permeability logPapp> 0.9 Caco2 permeability is considered 

high.12 Hesperidin, hesperetin diosmin and diosmetin have acceptable intestinal absorption. Neohesperidin 

has low intestinal absorption. Hesperidin and its derivatives have low Caco2 permeability. logVDss> 0.45 

means that the compounds are well distributed in tissues, logVDss <-0.15 means poor distribution.12 

Hesperidin derivatives have good distribution properties in tissues.  LogBB values less than -1 indicate poor 

blood-brain barrier permeability.12 As a result, the fact that hesperetin and diosmetin can pass across the 

blood brain barrier, also known as the BBB, suggests that they have a high level of BBB penetration. The BBB 

is not well penetrated by substances such as hesperidin, diosmin, and neohesperidin. P450 inhibitors have 

the ability to dramatically change these medications' pharmacokinetics. CYP2D6 and CYP3A4 are enzymes 

found in the human liver and play an important role in the metabolism of many drugs and substances. 

Hesperidin and its derivatives are not substrates and inhibitors of the CYP2D6 and CYP3A4 enzymes.  When 

combined with renal OCT2 inhibitors, hesperidin and its derivatives do not exhibit renal OCT2 substrates, 

suggesting that none of the compounds are hazardous.  Hesperidin and its derivatives have no AMES toxicity. 

Discussion 

In this study, the interactions of Hesperidin and its derivatives with the estrogen receptor (ER-α) were 

investigated by molecular docking and ADMET analysis. Diosmin stood out as the most potent Hesperidin 

ADMET Parameters Hesperidin Hesperitin Diosmin Diosmetin Neohesperidin 

Absorption 

Permeability of Caco2 
(log Papp in 10-6 cm/s) 

0,505 0,294 0,305 0,326 0,570 

Absorbency in the 
gastrointestinal system  
(human) (%) 

31,481 70,277 29,319 79,898 20,652 

Permeability of Skin  
(log Kp) 

-2,735 -2,737 -2,735 -2,735 -2,735 

Distribution 

VDss (human)  
(log L/kg) 

0,996 0,746 1,428 0,709 0,348 

Permeability of BBB  
(log BB) 

-1,715 -0,719 -1,795 -0,954 -1,72 

Permeability of CNS  
(log PS) 

-4,807 -2,976 -4,836 -2,316 -4,872 

Metabolism 

Substrate for CYP2D6 
(Yes/No) 

No No No No No 

Inhibitior of CYP2D6 (Yes/No) No No No No No 

Substrate for CYP3A4 
(Yes/No) 

No No No No No 

Inhibitor of CYP3A4 
(Yes/No) 

No No No No No 

Excretion 

Clearance Total  
(log ml/min/kg) 

0,211 0,044 -0,113 0,598 0,222 

Substrate for renal OCT2 No No No No No 

Toxicity 

AMES toxicity  
 (Yes/No) 

No No No No No 

Max. tolerated dose  
(human) (log mg/kg/day) 

0,525 0,25 0,565 0,42 0,389 
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derivative, showing binding affinity close to Tamoxifen. However, the binding energy of Diosmin is not as 

high as Tamoxifen, suggesting that its clinical efficacy may be lower compared to Tamoxifen. 

Neohesperidin was found to have a binding affinity close to Diosmin, but low intestinal absorption. This low 

absorption may limit the bioavailability of Neohesperidin. However, a study in the literature reported that 

the absorption was increased by converting Neohesperidin to propionyl ester form and the effects of 

modified Neohesperidin on breast cancer cell line showed positive results. This study shows that the 

bioavailability problems of Neohesperidin can be solved by such chemical modifications.13  

Other docking studies in the literature support that Hesperidin and its derivatives may have similar effects to 

Tamoxifen but may differ in efficacy. For example, one study showed that Hesperidin in combination with 

Tamoxifen enhanced the antiproliferative effects of Hesperidin in breast cancer cell lines and that this 

combination produced a more potent cytotoxic effect compared to Hesperidin or Tamoxifen alone. These 

findings suggest that Hesperidin may produce synergistic effects when used in combination with Tamoxifen.14 

Other studies in the literature also support these findings. For example, a study by Zhang et al.  showed that 

the effects of Hesperidin on ER-α may be beneficial by increasing bone mineral density in diseases associated 

with estrogen deficiency such as osteoporosis.15 Furthermore, it has been reported that the anti-

inflammatory effects of Hesperidin may be modulated through estrogen receptors.16 This is consistent with 

the finding in our study that Hesperidin showed strong binding propensity with ER-α. 

However, the pharmacokinetic properties of Hesperidin and its derivatives may also significantly affect the 

bioavailability and therapeutic potential of these flavonoids. ADMET analyses have shown that Hesperetin 

and Diosmetin have high intestinal absorption and therefore are well translocated into the systemic 

circulation.17 However, Neohesperidin was found to have low intestinal absorption and therefore 

bioavailability may be limited. These findings point to potential challenges in the clinical use of 

Neohesperidine.18 

The pharmacokinetic profile of Hesperidin is in line with other findings in the literature. In particular, a study 

by Pires et al. suggests that Hesperidin has low blood-brain barrier permeability, so it may exert limited 

effects on the central nervous system.12 However, the higher blood-brain barrier permeability of Hesperetin 

suggests that this derivative could be used as a potential therapeutic agent in neurological diseases.19 

Conclusion 

This study examined the interactions of hesperidin and its derivatives with estrogen receptor alpha (ERα) 

through molecular docking techniques. The results indicate that flavanones possess strong binding potential 

to estrogen receptors, which may allow the development of novel therapeutic agents for estrogen-related 

pathologies, especially diseases like breast cancer and osteoporosis. The findings highlight the potential for 

hesperidin and its derivatives to act as selective estrogen receptor modulators, offering new avenues for the 

treatment of hormone-related disorders. Further validation of these results in clinical studies is essential to 

fully assess the therapeutic efficacy of these compounds. Additionally, the study's findings suggest that 

hesperidin derivatives may be beneficial in treating a wide range of conditions, including neurodegenerative 

diseases, diabetes, and cardiovascular disorders. 

In conclusion, this study provides an essential scientific foundation for better understanding and developing 

the pharmaceutical and clinical applications of hesperidin and its derivatives. The continued exploration of 

these compounds may significantly contribute to the advancement of therapeutic options for various 

estrogen-related and chronic diseases. 
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