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ABSTRACT  
An abundant environmental metal toxin, Aluminium 

(Al) has been often reported for its neurotoxic 

effects upon chronic exposure in humans, leading to 

neurodegenerative conditions such as dementia and 

Alzheimer’s disease. Al exerts its neurotoxicity 

manifestations by triggering oxidative stress, 

dysregulation of neurotransmitters, activation of 

pro-apoptotic and pro-inflammatory signaling 

pathways. Diosmin (DOS) a flavone glycoside 

previously established for its neuroprotective 

property was considered as a potential target against 

Al neurotoxicity. The current study focused on 

evaluating the pharmacokinetic profile of DOS 

using ADMET LAB 3.0 analysis and understanding 

the mechanistic binding affinity between the protein 

of interest involved in Al neurotoxicity and the 

ligand DOS using AutoDock Vina v1.2.7. The PI3K-

DOS complex showed the highest binding energy of 

-10.25kcal/mol despite donor-donor- clash.  The 

neurotrophic factor BDNF and its receptor TrkB 

showed a binding score of -8.014kcal/mol and -

8.464kcal/mol respectively. DOS displayed stable 

interactions with proteins involved in the 

downstream signaling pathways such as AKT (-

9.042kcal/mol), FOXO3 (-8.059kcal/mol), and 

CREB (-7.447kcal/mol). The signaling cascade 

associated with Tau axis was also studied with DOS. 

The Calpain1-DOS complex showed a binding 

affinity of -9.599kcal/mol, CD5-DOS complex was 

reported at -9.429kcal/mol and Tau-DOS at -

7.681kcal/mol. The current study for the first time 

reported the potential binding cavities and the 

binding affinity of DOS with proteins involved in Al 

neurotoxicity along the 

BDNF/PI3K/AKT/CREB/TAU axis. 

KEYWORDS: ADMET, Molecular Docking, 

Diosmin, Aluminium Neurotoxicity, Blood-Brain 

Barrier  

 

I. INTRODUCTION 
The exposure to environmental Aluminium 

(Al) and the subsequent neurotoxicity that occurs on 

prolonged revelation has been continually linked to 

the possibility of neurodegenerative diseases such as 

dementia and Alzheimer’s disease. The Al induced 

neurotoxic manifestation occur as high susceptibility 

to oxidative damage through production of reactive 

oxygen species (ROS), accompanied by reduction in 

endogenous and exogenous antioxidant status, 

mitochondrial and synaptic dysfunction, 

neuroinflammation, apoptosis and dysregulation of 

neurotransmitters [1]. Al exposure in human brain 

has been linked with Cholinotoxic effects and 

favours accumulation of Aβ fibrillary tangles, 

followed by tau protein hyperphosphorylation [2,3].  

Further, the chronic exposure to Al has been linked 

with cellular damage in the brain hippocampus, 

cerebellum, cerebrum, and spinal cord [4,5].  

The neurotrophic factor Brain Derived 

Neurotrophic Factor (BDNF) involved in neuronal 

survival and differentiation has been reportedly been 

downregulated on Al exposure [6]. On the inhibition 

of BDNF upstream signaling, the Phosphoinositide 

3-kinase/ Protein Kinase B (PI3K/AKT) activation 

was also reported to be downregulated due to 

reduced stimuli [7]. Furthermore, due to suppressed 

p-AKT activity, the Cyclic AMP Response Element-

Binding protein (CREB) signaling pathways were 

also reported to be downregulated, thereby 

dysregulating the CREB-BDNF positive feedback 

[8]. The BDNF/PI3K/AKT/CREB signaling axis has 

been established to be one of the foremost signaling 

pathways associated with Al neurotoxicity, along 
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with hyperactivation of p-tau, however their 

regulation and binding mechanism has not been 

reported with ligand-based interactions.  

Diosmin (DOS) is a flavone glycoside, 

commercially known for its venoactive properties 

has been well established as an anti-oxidant, anti-

inflammatory, anti-apoptotic, anti-cancer, 

cardioprotective, hepatoprotective and 

neuroprotective effects [9]. Diosmin has been 

reported for its neuroprotective properties against 

Parkinson’s disease [10], brain intoxication [11], 

chemobrain[12], cerebral ischemia [13], and several 

neurotoxicity models [14]. However, the 

mechanistic interaction between proteins associated 

with Al neurotoxicity and DOS has not been 

established, which forms as the basis of the current 

research study. 

 

II. MATERIALS AND METHODS 
a) ADMET Lab 3.0  

ADMET Lab 3.0 was used to study the 

absorption, distribution, metabolism, excretion and 

toxicity (ADMET) study of DOS. The SMILES 

entry for DOS (5281613) was extracted from 

PubChem and entered into the ADMET LAB 3.0 

SMILES string domain. The results thus generated 

and obtained was inferred for further understanding 

of the parameters [15,16].  

b) LogBBB analysis 

LogBB_Pred is an online sophisticated tool 

used to predict the blood–brain barrier (BBB) 

permeability (logBB) value of a compound through 

machine learning algorithms. The SMILES entry of 

the compound of interest is fed in to the tool, and 

the results are immediately obtained. A compound 

predicated to have a logBB value less than or equal 

to -1 is considered ‘BBB permeable’ [17].  

c) CB-Dock2  

CB-Dock2 is an online protein-ligand based tool 

that aids in the detection of finding cavities and its 

coordinates for molecular docking. The protein and 

ligand files are uploaded, and the cavity finder uses 

AutoDock Vina based algorithm to detect 

cavities/pockets in the protein of interest for best 

binding affinity [17,18]. 

d) AutoDock Vina v1.2.7  

AutoDock Vina is an established open-

source program for conducting molecular docking. 

The protein of interest was downloaded from Alpha 

Fold and the ligand DOS was downloaded from 

PubChem in ‘SDF format’ and then later converted 

to ‘PDB format’ for the purpose of docking. The 

ligand and the protein of interest were prepared 

through AutoDock 4, and the grid coordinates were 

exported as config.txt. The command prompt was 

used to run AutoDock Vina v.1.2.7. the following 

command inputs were fed ‘—receptor –ligand –

config –out –cpu –num_modes’, the resulting 

docking scores were exported as log.txt files. The 

generated output PDBQT file was then taken for 

visualisation of the best docked position (or rank 1). 

The binding affinity scores were also made note of 

in kcal/mol [19,20]. 

e) Biovia Discovery Studio 2025  

The Biovia Discovery Studio is a comprehensive 

software used for design, modelling and 

visualisation. The software was used to visualise the 

protein-ligand interactions in 3D and 2D to draw 

conclusions on the type of binding interactions that 

may be involved in the stabilisation of the complex, 

yielding high affinity scores [21]. 

 

III. RESULTS AND DISCUSSION 
a) ADMET LAB 3.0 evaluation of DOS  

• Physicochemical Property 

The molecular weight of DOS was estimated to 

be 608.17g/mol, which makes it a complex molecule 

to study. The accepted range for studying small 

compounds using ADMET studies is about 

100g/mol to 600g/mol. DOS is reported to have 15 

hydrogen bond (H-bond) acceptors and 8 H-bond 

donors with 15 heteroatoms. The topical polar 

surface area (TPSA) is the sum of the surfaces of all 

the polar atoms present in a compound, which may 

be essential to calculate the membrane permeability 

and bioavailability. Also, the higher the TPSA, the 

lower the lipophilicity. The TPSA of DOS was 

238.20Å (due to the presence of 15 oxygen atoms), 

which was significantly higher than the optimally 

recommended 0Å to 140Å. The partition coefficient 

between n-octane (a lipid-like solvent) and water at 

pH = 7.4 is a measure of the lipophilicity (logP) of a 

compound. It’s a measure of the compound’s ability 

to distribute itself between the two media. DOS had 

a logP value of 0.732, which may be on the lower 

side.  The distribution coefficient (logD) of DOS 

was reported to be 1.143. The aqueous solubility 

value (logS) of DOS was reported to be -2.813, 

indicative of low solubility (Table1). 
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Table 1: Prediction of physicochemical properties of Diosmin using ADMET LAB 3.0 

S.No. Property Value 

1 Molecular Weight 608.17 

2 nHet 15.0 

3 TPSA 238.2 

4 logS -2.813 

5 logP 0.732 

6 logD 1.143 

 

• Medicinal Chemistry 

Quantitative Estimate of Drug-likeness 

(QED) is a vital and broadly accepted metric to 

screen compounds for drug-likeness based on the 

compound’s physicochemical properties and 

desirability. DOS had a QED score of 0.159, less 

than 0.34 (the minimal value), indicating that DOS 

has a complex structure for convenient desirability. 

However, Graph Attention-based Synthetic 

Accessibility (GASA) scores predict DOS as ‘easy 

to synthesise’, with a synthetic accessibility (Synth) 

of 4.0. The Fraction of sp3-hybridised carbon atoms 

(Fsp3) is a measure of carbon atoms saturated with 

sp3 hybridisation, indicating the total saturation of 

the drug. This measure is vital for drug-likeness and 

metabolic stability. DOS has an Fsp3 score of 0.464, 

which is a suitable value. DOS also showed a 

natural product-likeness score of 1.778, suggesting 

DOS to have natural product-like properties.  

The Lipinski rule, Pfizer rule, GSK rule 

and Golden Triangle rule govern the suitability of a 

compound to have favourable drug-likeness and 

ADMET profile. The Lipinski rule, GSK rule, and 

Golden Triangle rule were violated due to DOS’s 

high molecular weight and low lipophilicity values. 

When the logP value of a drug is greater than 3 and 

has a TPSA value of less than 75, the Pfizer rule 

defines the drug to be toxic. However, DOS 

optimally fit into the Pfizer rule with 0 violations 

due to its high logP value (0.732) and TPSA score 

(238.2). Pan-Assay interference compounds 

(PAINS) and Bristol-Myers Squibb (BMS) showed 

0 alerts for DOS, suggesting DOS may not interfere 

in high-throughput screening and/or act as an 

unfavourable reactive compound. However, A La 

Assay to detect Reactive Molecules by Nuclear 

Magnetic Resonance (ALARM NMR) alerted DOS 

to have a structural anomaly as a ‘thiol reactive 

compound’, which may be due to its double-bonded 

polar atoms (C = O) (Table 2).  

 

Table 2: Prediction of medicinal properties of Diosmin using ADMET LAB 3.0 

S.No. Property Value 

1 QED 0.159 

2 GASA 0.0 

3 Fsp3 0.464 

4 Pfizer Rule 0.0 

5 GSK Rule 1.0 

6 Golden Triangle Rule 1.0 
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7 PAINS 0 alerts 

8 ALARM NMR 3 (thiol reactive sites) 

9 BMS 0 

 

• Absorption 

Caco-2 permeability refers to the human 

colon cancer cell lines used as an in vitro method to 

study the ability of a drug compound to cross the 

cellular monolayer (intestinal barrier), predicting its 

distribution and oral bioavailability. Likewise, 

Madin-Darby Canine Kidney (MDCK) is yet 

another cell line used to depict the tight junction 

regulation of the intestinal lumen and blood-brain 

barrier (BBB). DOS was predicted to have low 

intestinal permeability scores -6.293 (Caco-2 

permeability) and -5.303 (MDC permeability). And 

as a consequence, DOS was predicted to have low 

bioavailability scores – 0.159 (F20, 20% 

bioavailability) (Table 3).  

 

Table 3: Absorption properties of Diosmin using ADMET LAB 3.0 

S.

No. 
Property Value 

1 Caco-2 Permeability -6.293 

2 MDCK Permeability -5.303 

3 F20% (Bioavailability) 0.159 

 

• Distribution 

The drug compounds that have higher 

binding affinity towards the plasma proteins tend to 

have less bioavailability for tissue distribution. DOS 

was predicted to have a plasma protein binding 

(PPB) score of 80.233, which was well within the 

optimal range (< 90%), and a fraction unbound (Fu) 

score of 16.116, indicative of moderate levels of 

DOS available for tissue distribution. OATP1B1 and 

OATP1B3 are hepatic uptake transporter which 

significantly enhance the uptake of drugs into the 

systemic circulation. DOS was closely predicted to 

be an OATP1B1 inhibitor and a potential OATP1B3 

inhibitor with a score of 0.999 and 1.0, respectively, 

indicative of reduced hepatic uptake. 

 

Table 4: Distribution properties of Diosmin using ADMET LAB 3.0 

 

• Metabolism 

DOS was reported not to be an inhibitor or 

substrate for CYP1A2, CYP2C19, CYP2C9, 

CYP2D6, CYP3A4, and CYP2B6, with a score of 

0.0, indicating DOS does not interfere with or 

inhibit the metabolism of other drugs, and these 

enzyme-mediated pathways may not be involved in 

the metabolic breakdown and clearance of DOS. 

DOS showed a moderate score as a CYP2C8 

inhibitor (0.524), indicative of DOS to have a drug-

S.

No. 
Property Value 

1 PPB 80.233 

2 OATP1B1 inhibitor 0.999 

3 OATP1B3 inhibitor 1.0 
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drug interactionthrough the CYP2C8 pathway. 

Human liver microsomal stability (HLM) is a 

measure of a drug’s susceptibility to Phase I 

metabolism and is considered an essential parameter 

during drug development. HLM is used to study the 

intrinsic clearance and half-life of a drug to predict 

metabolic stability. HLM score for DOS was 

predicted to be 0.01, suggestive of strong stability 

(Table 5). 

 

Table 5: Metabolism properties of Diosmin using ADMET LAB 3.0  

S.No

. 
Property Value 

1 CYP1A2 inhibitor 0.0 

2 CYP1A2 substrate 0.0 

3 CYP2C19 inhibitor  0.0 

4 CYP2C19 substrate  0.0 

5 CYP2C9 inhibitor  0.0 

6 CYP2C9 substrate  0.0 

7 CYP2D6 inhibitor  0.0 

8 CYP2D6 substrate  0.0 

9 CYP3A4 inhibitor  0.0 

10 

 
CYP3A4 substrate  0.0 

11 CYP2B6 inhibitor  0.0 

12 CYP2B6 substrate  0.0 

13 CYP2C8 inhibitor  0.0 

 

• Excretion  

The CLplasma penetration is a measure of 

drug clearance, indicative of the rate of clearance of 

a drug from the body, measured as mL/min/Kg. 

DOS was predicted to have low clearance (< 

5mL/min/Kg) with a score of 1.344. The half-life of 

the drug (T1/2) is defined as the time required for the 

concentration of a drug in the blood plasma to 

decrease by 50% from its maximum concentration. 

DOS was predicted to have an intermediate short 

half-life (T1/2 between 4 and 8 hours) with a score of 

4.801 (Table 6). 

 

Table 6: Excretion properties of Diosmin using ADMET LAB 3.0  

S.

No. 
Property Value 

1 CL plasma   1.344 

2 T1/2  4.801 
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• Toxicity  

 hERG blockers are drugs that often inhibit 

the potassium channel (Kv 11.1) in the heart 

responsible for ventricular repolarisation. The 

inhibition of the hERG channel may lead to severe 

adverse effects. The ability of a drug to block hERG 

is screened during drug development as a safety 

measure. DOS had a score of 0.022 and was 

considered hERG negative. DOS was also predicted 

to have low oral acute toxicity in rats with a score of 

0.008 (> 500mg/Kg). DOS was also predicted to be 

a non-carcinogen (0.051), noncorrosive (0.0) and 

nonirritant (0.175) for the eyes (0.175), non-

respiratory toxicant (0.004), non-hematotoxic 

(0.087), moderately hepatotoxic (0.336), moderately 

nephrotoxic (0.45), non-drug induced 

immunotoxicity (RPMI-8226 immunotoxicity score: 

0.228), and of significant importance, DOS was 

predicted to be non-neurotoxic with a score of 0.0 

(Table 7). 

 

Table 7: Toxicity properties of Diosmin using ADMET LAB 3.0 

S.No. Property Value 

1 hERG blockers 0.022 

2 DILI 0.949 

3 AMES mutagenicity 0.896 

4 Rat oral acute toxicity 0.008 

5 Carcinogenicity 0.051 

6 Eye corrosion 0.0 

7 Eye irritation 0.175 

8 Respiratory 0.004 

9 Human hepatotoxicity 0.336 

10 Drug induced nephrotoxicity 0.45 

11 RPMI-8226 immunotoxicity 0.228 

 

• Environmental Toxicity 

 The environmental toxicity studies are 

carried out to identify the potential toxic impact of 

newly synthesised drugs on the environment. The 

IGC50 (50% inhibitory growth concentration) of 

DOS was predicted to be 2.972, and an LC50 FM 

(median lethal concentration of fathead minnow) 

value of 3.65 on aquatic exposure. The LC50 DM 

value represents the lethal concentration to kill 50% 

of the population of Daphnia magna, often used as a 

measure of aquatic toxicity. DOS scored 4.447 for 

LC50 DM. The Bioconcentration Factor (BCF) score 

for DOS was predicted to be 0.378. All parameters 

taken together indicate DOS was predicted to have 

reduced environmental toxicity (Table 8).  

 

Table 8: Environmental toxicity properties of Diosmin using ADMET LAB 3.0  

S.No. Property Value 

1 Bio-concentration factors  0.378 
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2 
IGC50  2.972 

3 
LC50FM   3.65 

4 
LC50DM  4.447 

 

• Tox21 Pathway  

 The Tox21 Pathway evaluates drug-

induced activation of nuclear receptors (NR) and 

stress receptors (SR). DOS showed a low 

probability of activating the nuclear androgen 

receptor (NR-AR), with a score of 0.17 and a 

substantially lower score of 0.054 for androgen 

receptor ligand binding domain (NR-AR-LBD), 

meaning DOS had lower chances of behaving as an 

androgen receptor agonist, instigating a lesser 

probability of endocrine disruption.DOS was 

predicted to have an NR-Aromatase score of 0.075, 

indicating that DOS was not involved in the 

aromatase-mediated pathway. DOS was predicted 

with a moderate score (0.53) as an estrogen agonist 

(NR-ER), and a substantially lower score (0.026) for 

estrogen receptor ligand-mediated domain (NR-ER-

LBD). DOS was predicted with a score of 0.158 for 

SR-ARE, indicative that DOS may not trigger ARE 

and signify its antioxidant property. DOS was 

moderately predicted to be involved in stress 

response - mitochondrial membrane potential (SR-

MMP) with a score of 0.51. The SR-p53 activation 

is a response to DNA damage. DOS was predicted 

with a score of 0.129, predicting a low probability to 

trigger drug-induced DNA damage (Table 9).  

 

Table 9: TOX21 pathway of Diosmin using ADMET LAB 3.0  

S.No. Property Value 

1 NR-AhR 0.888 

2 NR-AR  0.17 

3 NR-AR-LBD  0.054 

4 NR-Aromatase  0.075 

5 NR-ER  0.53 

6 NR-ER-LBD  0.026 

7 NR-PPAR-gama 0.0 

8 SR-ARE  0.158 

9 SR-ATAD5  5 0.013 

10 SR-MMP  0.51 

11 SR-p53  0.129 

 

• Toxicophore Rules 

 DOS was predicted to be acutely non-toxic, non-genotoxic (carcinogenic and non-carcinogenic 

mechanisms), with a score of 0.0, with few alerts for skin sensitivity, non-biodegradability, and aquatic toxicity 

(Table 10).  
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Table 10: Toxicophore rules of Diosmin using ADMET LAB 3.0 

S.No. Property Value 

1 Acute Toxicity Rule 0 0 

2 Genotoxicity Carcinogenicity Rule 0 

3 Non-Genotoxicity Carcinogenicity Rule 0 

4 Skin sensitisation Probable skin sensitiser 

5 Aquatic Toxicity Maybe toxicity to water 

6 Non-biodegradable Maybe non-biodegradable 

 

b) BBB permeability analysis of DOS using LogBBB_Pred 

 The blood-brain barrier permeability is the assessment of a drug's ability to reach the brain from the 

system. BBB permeability was assessed using LogBBB_Pred, a machine learning software that scores based on 

‘a logarithmic ratio of the concentration of a drug in the brain to its concentration in the blood’. DOS was 

predicted to be BBB permeable with a score of -0.81852 (Figure 1).  

 

 
Figure 1: Blood Brain Barrier (BBB) prediction using LogBBB_Pred 

 

c) Molecular docking interpretation of protein-ligand complexes using AutoDock Vina. v1.2.7 and 

Biovia Discovery Studio 2025.   

The ligand DOS was docked with proteins involved in the BDNF/PI3K/AKT/CREB/TAU signaling axis. The 

binding energies of all protein-ligand complexes were tabulated in Table 11 and expressed as kcal/mol.  

 

Table 11: Binding energy score between DOS and the protein of interest using AutoDock Vina. v1.2.7 

S.No. Name of Protein 
AutoDock Vina. v1.2.7 

(kcal/mol) 

1. Brain Derived Neurotrophic Factor (BDNF) -8.014 

2. Tropomyosin receptor kinase B (TrkB) -8.464 

3. Phosphoinositide 3-kinase (PI3K) -10.25 

4. AKT\Protein Kinase B -9.042 

5. Forkhead Box O3 (FOXO3) -8.059 

6. 
Cyclic AMP-responsive element-binding protein 

(CREB) 
-7.447 
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7. Calpain 1 -9.599 

8. Cyclin- dependent protein kinase 5 (CDK5) -9.429 

9. Microtubule-associated protein tau -7.681 

 

The best fit position of the BDNF-DOS 

complex had a binding energy of -

8.014kcal/mol.The complex was stabilised through 

pi-pi stacking between the amino acids TRP230 of 

the protein and the pi electron cloud of the core 

aromatic ring of DOS. The electron-deficient 

aromatic ring of DOS further interacts with ASP90 

of BDNF through an energetically favourable pi-

anion interaction. The alkyl and pi-alkyl interactions 

were formed between the hydroxyl group of the 

rutinose chain of DOS and the amino acids LEU220, 

ILE228 and also the methoxy group of the flavone 

side chain with amino acids ARG218 of the protein. 

Van der Waals forces were also involved to form 

electrostatic interactions between DOS and the 

amino acids of BDNF, such as LEU72, LEU73, 

GLN77, LYS87, LEU98, VAL172, PRO173, 

SER175, and GLY229, to further stabilise the 

complex (Figure 2).  

 

 
Figure 2: 3D and 2D interaction of BDNF-DOS bound complex visualised using Biovia Discovery Studio 2025 

 

The best docked position between TrkB 

and DOS resulted in a binding score of -8.464 

kcal/mol. A pi-sigma hydrophobic interaction 

between the ketone ring of the flavone chain and the 

amino acid VAL236 of the protein was predicted. 

Conventional H-bonding between the hydroxyl 

group of the rutinose structure and amino acids ASP 

358 and ALA376 of the protein were projected, 

which could have contributed to the stabilised 

binding of the complex. Typical carbon-hydrogen 

bond formation was predicted with PHE378, along 

with alkyl and pi-alkyl bond prediction. The 

methoxy group of the flavone chain and the central 

ketone ring showed strong interactions with the 

cyclic amino acids TYR397 and PRO393, 

respectively, to form pi-alkyl interactions. The 

central ketone ring of DOS further interacted with 

PRO393 to form weak alkyl interactions. 

Additionally, transient Van der Waals interactions 

were predicted between DOS and amino acids 

SER294, PRO295, TRP301, ASN356, GLY357, 

SER375, HIS377, PHE378, GLY380, and TYR392 

of the TrkB protein pocket (Figure 3). 
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Figure 3: 3D and 2D interaction of TrkB-DOS bound complex visualised using Biovia Discovery Studio 2025 

 

The PI3K-DOS complex was 

predominantly stabilised through directional, 

electrostatic conventional hydrogen bonding. The 

amino acids ALA968, THR1049, PHE1050, 

HIS1102, HIS1103, and CYS1247 were predicted to 

interact with the hydroxyl groups of DOS, and the 

amino acid GLN1153 with the methoxy group of the 

flavone side chain. Simple Carbon-Hydrogen bonds 

were also predicted with ASN1105 and the methoxy 

group of the flavone chain. Furthermore, several 

electrostatic Van der Waals forces were involved 

between DOS and the amino acids to stabilise the 

PI3K-DOS complex. Notably, an unfavourable 

donor-donor interaction was also projected as a 

result of electrostatic clash or repulsion between 

PI3K amino acids and DOS side chains. However, 

the steric conflict did not substantially affect the 

binding affinity between the ligand and receptor, 

predicting a binding score of -10.25kcal/mol for the 

PI3K-DOS complex (Figure 4). 

 

 
Figure 4: 3D and 2D interaction of PI3K-DOS bound complex visualised using Biovia Discovery Studio 2025 

 

The binding affinity between AKT and 

DOS yielded a docking score of -9.042kcal/mol at 

the best-ranked position. Heterogeneous binding 

interactions were accounted for in the complex's 

overall stability. A significant pi-pi t-shaped 

interaction, also known as the edge-to-face 

interaction, was evident between the aromatic ring 

of PHE163 and the aromatic ring of the flavone 
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chain of DOS. The dip in the electron cloud at the 

DOS aromatic ring favours the formation of a pi-

anion interaction with the polar negative end of 

ASP293. Further alkyl and pi-alkyl interactions 

between amino acids LEU158, VAL166, and 

LEU293 were apparent. Conventional H-bonding 

was established between the amino acids GLY161, 

ASP236, and THR292 with hydroxy groups of 

DOS, and a Carbon-Hydrogen bond between 

GLU193 and the methoxy group at the flavone 

chain. Van der Waals forces further contributed to 

the interactions between DOS and several amino 

acids of AKT, from LYS160 to PHE439, equally 

contributing to the stabilisation of the ligand-protein 

complex (Figure 5). 

 

 
Figure 5: 3D and 2D interaction of AKT-DOS bound complex visualised using Biovia Discovery Studio 2025 

 

The highest-ranked docking position 

between FOXO3 and DOS predicted significant 

interactions, such as the pi-sigma interaction 

between the amino acid TRP205 of FOXO3, and the 

pi-pi t-shaped interaction between TRP156 and the 

ketone ring of the flavone component of DOS. 

TRP205 was also predicted to be involved in 

conventional hydrogen bonding with the hydroxy 

end of the aromatic flavone ring of DOS. Further, 

ASN154, SER160, and ASN212 also formed 

conventional H-bonding hydroxyl side chains of 

DOS. The Van der Waals interactions that occurred 

due to transient dipole fluctuation between the 

amino acids of FOXO3 and DOS enriched the 

protein-ligand stability. An interaction between 

ARG152 of FOXO3 and the hydroxy group of the 

aromatic ring of DOS resulted in an unfavourable 

acceptor-acceptor interaction, where both functional 

groups interact as H-bond acceptors; however, the 

DOS and FOXO3 interaction resulted in an affinity 

score of -8.059kcal/mol, with stable complex 

formation (Figure 6).  



 
 

  

International Journal of Pharmaceutical research and Applications 

Volume 11, Issue 4, Jul.-Aug. 2026, pp:348-363 www.ijprajournal.com ISSN:2456-4494 
                                      

 

 

 

DOI: 10.35629/4494-1104348363      | Impact Factor value 7.429  ISO 9001: 2008 Certified Journal     Page 359 

 
Figure 6: 3D and 2D interaction of FOXO3-DOS bound complex visualised using Biovia Discovery Studio 

2025 

 

The CREB-DOS complex had a binding 

affinity of -7.447kcal/mol. Conventional Hydrogen 

bonding between the major hydroxyl groups in the 

aromantic rings of DOS and the amino acids 

THR206, PRO217, THR219, THR220, and ASN238 

of CREB resulted in the stabilisation of the protein-

ligand complex. GLN205, LEU207, and GLY218 of 

CREB formed Carbon-Hydrogen bonds with the 

hydroxyl side chains of the DOS aromatic rings. 

Further Van der Waals electrostatic interactions were 

established between DOS and the amino acids 

LEU204, THR208, THR210, GLN216, ILE221, 

PRO236, and SER237 of the CREB cavity (Figure 

7). 

 

 
Figure 7: 3D and 2D interaction of CREB-DOS bound complex visualised using Biovia Discovery Studio 2025 

 

The Calpain1-DOS complex was stabilised 

through pi-pi T shaped binding between TYR225 

and the aromatic ring of the flavone chain. The 

interaction was established when the negatively 
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charged pi electron cloud of one aromatic ring 

points directly towards the positively charged 

electron cloud of another aromatic ring structure. Pi-

alkyl interactions were also involved in the 

stabilization of the complex, the central the aromatic 

ring interacts with ILE237 of calpain1, and the 

rutinose hydroxy group interacts with TYR410, 

respectively. The hydroxy groups form stable 

conventional H-bonding with amino acids LYS240, 

ARG244, ARG412, and GLU474. SER485 and 

ARG485 interacts with DOS through Carbon-

Hydrogen bonding. Van der Waal’s forces further 

aided in the overall stabilization of the complex 

through electrostatic interactions between DOS and 

the amino acids GLU223, ASP233, TRP366, 

ARG364, ASP409, ASN484, and GLU515. The 

binding affinity between DOS and calpain1 was -

9.599kcal/mol (Figure 8) 

 

 
Figure 8: 3D and 2D interaction of Calpain1-DOS bound complex visualised using Biovia Discovery Studio 

2025 

 

The best docked position between CDK5 

and DOS showed stable binding affinity of -

9.429kcal/mol. The interactions between the ligand 

and receptor pockets were fueled through pi-sigma 

bonding between the central aromatic ring and 

ketone ring of the flavone chain with ILE10 and 

LEU133 respectively. Several alkyl and pi-alkyl 

were notable between the distant aromatic ring of 

DOS and the amino acids ALA31, VAL64, PHE80, 

ALA143, and LEU55. GLY11 showed Carbon-

Hydrogen interaction with the hydroxyl group of the 

rutinose chain of DOS. Conventional H-bonding 

were evident between the hydroxyl group of DOS 

and the amino acids THR14, LYS33, CYS83, 

LYS89, and ASN131. Further Van der Waal’s 

electrostatic interactions played a significant role in 

the stabilization of the protein-ligand complex by 

intermolecular interaction with amino acids GLU12, 

GLY13, VAL18, GLU51, PHE82, ASP84, GLN85, 

ASP86, LYS128, GLN130, ASP144, and PHE145 of 

the protein (Figure 9). 
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Figure 9: 3D and 2D interaction of CDK5-DOS bound complex visualised using Biovia Discovery Studio 2025 

 

The Tau and DOS affinity showed a 

binding score of -7.681kcal/mol. The complex 

stability was established through significant pi-

cation interaction between the positively charged 

amino acid ARG522 and the electron rich cloud of 

the aromatic ring of the flavone chain in DOS. Pi-

sigma interactions were evident between ALA740 

and the aromatic core of DOS. The hydroxyl groups 

of DOS formed conventional H-bonding with amino 

acids MET730, VAL731, ASP732, SER733, 

PRO734, and ALA737. SER519, ARG520, SER521, 

ARG522, PRO734, ASP741, SER744 interacted 

with DOS through Van der Waals electrostatic 

interaction. Alkyl interactions were further 

established betweenDOS and the amino acid 

LEU736 which aided in further stabilization of the 

complex (Figure 10). 

 

 
Figure 10: 3D and 2D interaction of Tau-DOS bound complex visualised using Biovia Discovery Studio 2025 

 

IV. CONCLUSION 
 In conclusion to the in-silico studies, for 

the first time we report the plausible binding 

mechanism of BDNF/PI3K/AKT/CREB/Tau 

signaling axis with DOS as the treatment drug of 

interest against Al neurotoxicity. PI3K-DOS 
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complex showed the highest docking score (-

10.25kcal/mol), despite the unfavourable donor-

donor interaction, indicative of a significant binding 

affinity despite steric clashes. The neurotrophic 

factors such as BDNF also show substantial binding 

affinity with DOS (-8.014kcal/mol), indicative of its 

possible involvement in neurotrophic signaling 

pathways and subsequently other downstream 

signaling axis such as the PI3K/AKT/CREB and 

Tau signaling modulation. With validation from 

molecular analysis such as western blotting for 

protein expression studies, the effect of DOS 

administration on the alteration in 

BDNF/PI3K/AKT/Tau signaling axismaybe 

elucidated against Al neurotoxicity.  
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