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Abstract 

Duchenne muscular dystrophy is a genetic disorder. This disease affects men more common than 

women. Main objective of the present study was to identify the naturally active phytocompounds from 
Withania somnifera (Ashwagandha). Ashwagandha has a great value in the field of Ayurveda and Indian 

medicine and is used for treating muscular and neurological disorders. Toxicity prediction, molecular 
docking, statistical information, drug illness prediction, and Absorption, distribution, metabolism, 

excretion, and toxicity analysis were used to predict the phytocompounds as a drug. Protein Data bank 
database was used to retrieve the Dystrophin protein and its chains. The poor binding affinity of the 

ligands with the targeted protein was removed. Toxicity and ADME analysis were done using ADMET 
lab 2.0 and Swiss ADME tools, respectively and molecular docking was done using PyRx. The 

Ramachandran plot displays the protein's dihedral angles ψ against φ. Absorption, distribution, 

metabolism, excretion, and toxicity analysis and molecular docking results showed Withaferine A, 
Somniferine, Coagulin Q, Physagulin D, Viscosalactone B have effective binding affinity towards 

Dystrophin protein and possess the properties of a drug which is safe to consume. Previous and present 
studies suggested that Withaferine A, Somniferine, Coagulin Q, Physagulin D, and Viscosalactone B 

could inhibit the A, B, C, and D chains of the Human Dystrophin protein and have effective binding 
affinity. The therapeutic strategies against Duchenne Muscular Dystrophy are based on molecular 

docking and ADMET analysis. Thus, the phytocompounds of Ashwagandha can be potential drug 
candidates. 
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INTRODUCTION 

Duchenne Muscular Dystrophy (DMD) is an X-linked hereditary neuromuscular disorder caused by 
defects and mutations in the dystrophin gene. It is characterized by the progressive degradation of 

skeletal, cadaverous, and cardiac muscle as well as muscular waste because dystrophin protein is absent 

[1–3]. Myotonic dystrophy, Duchenne, Becker’s 
Muscular Dystrophy (BMD), limb-girdle, 

facioscapulohumeral-humeral, congenital, oculo-
pharyngeal, distal and Emery-Dreifuss are the main 

types of muscular dystrophy [4, 5]. One of the main 
goals of the treatment is to extend walking. 

Analyzing deletions and duplications using 
quantitative techniques such as microarray-based 

Comparative Genomic Hybridization (array-CGH) 
and Multiple Ligation Probe Assay (MLPA) is 

necessary for the molecular diagnosis of DMD [1].  
 

About 10.2 live male births out of 100,000 are 
affected. A number of special care centers have 
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failed as a result of growing frequency of disease in young children. This genetic defect results from a 

sudden mutation or the absence of the muscle protein called Dystrophin (locus Xp 21.2) [2]. Dystrophin 
genes have a high mutation rate as compared to other human genes with about 2/3 of mutations being 

inherited and the remaining 1/3 of them occurring de novo. Mutations can be deletions (65%), 
duplications (9%), small mutations (25%), and rarely (<1%) atypical mutations. Genetic diagnosis of 

dystrophinopathies is complex and mutation identification is currently compulsory both for appropriate 
care, including prevention, and for eligibility to clinical trials and personalized treatments [4]. 

Following birth, the presentation sequence begins with somewhat delayed milestones throughout the 
toddler stage, which frequently include toe walking, trouble getting off the ground, and frequent falls 

and stumbling. There is a noticeable gap between surrounding classmates’ physical abilities by the time 
the child becomes 5 years old. Respiratory, cardiac, and orthopedic involvement occur in second decade 

of life and reduce life expectancy (at the age of 18–20 years) in the absence of medical intervention. 

According to Ayurveda, a disease cannot be directly linked to any particular disease entity. This 
pathophysiology may be explained by the idea of Adibala Pravritta Vyadhi as it results from beejadusti 

and anatman or karma (self-deeds) which leads to khavaigunya of mamsavahastrotas causing phatagins 
impairment. When considering muscular dystrophy’s gradual degeneration to systematic involvement, 

it may be viewed as an imbalance of vatadosha, saptadhatu (fundamental ingredients for creation of 

Garbha, both as functional and structural−to the level of dhatwagni) and ojas. A key characteristic is 

chestahani, or reduced movement, which denotes a decline in chalaguna. Both the medical and 

supportive sectors are continually revolutionizing life expectancy, resolving multi-systemic problems, 
and enhancing quality of life. Ayurveda states that the main principle for sustenance is the administration 

of medications with qualities such as Medhya (memory boosting), Balya (strengthening), Rasayana 

(rejuvenative), Agnivardhana (digestive and carminative), and Vatadoshahara followed by 
strengthening and revivification of mamsadhatu (muscle strengthening), both internally and externally. 

Muscle degeneration results from the stability and functionality of the muscle fibers being compromised 
by the lack of dystrophin. As of now, there is no proven cure for failing muscles or deteriorating muscles 

function in DMD patients. Gene transfer utilizing the safe, non-pathogenic Adeno Associated Viral 
(AAV) vector to restore dystrophin expression is a promising treatment opinion for this fatal illness. 

Even though large animal models of DMD have shown remarkably good treatment outcomes thus far 
using micro dystrophin gene transfer utilizing AAV vectors, there is still need for several optimization 

stages when bringing this advanced therapy medication from bench to bedside [2, 3]. Actin-binding 
domain (or N-terminal domain) of the dystrophin protein consists of four hinges (H1–H4), a rod domain, 

a C-terminal domain, 24 spectrin repeats (labeled R), and a cysteine-rich domain. The cysteine-rich 
domain, which binds dystroglycan, and the C-terminus which binds syntrophins and dystrobrevin, 

connect the extracellular matrix and internal cytoskeleton of dystrophin to the Dystrophin Associated 
Protein Complex (DAPC). The Neuronal Nitric Oxide Synthase (nNOS) binding sites found on R16 

and R17 are crucial for nNOS localization in the sarcolemma [6–8]. 
 

Mechanism of Action of Panchakarmas on DMD 

Abhyanga: It increases blood flow, vasodilation which nourishes and strengthens muscles, reduces 
thickening of connective tissue, and promotes flexibility by reducing fibrous adhesions from 
hypertrophied muscles. It has demonstrated a decrease in toe walking, reducing contractures, supporting 
muscle tone, nourishing atrophied muscles, and boosting muscle strength [9]. It has been shown that 
Swedana—Fomentation causes a decrease in gamma activity, which reduces the strain on muscle 
spindles and thus reduces muscular spasm. Increased muscle temperature can also change endurance 
and strength. Moreover, it leads to decrease in joint stiffness and increase in tissue elasticity, which 
promotes range of motion and comfort [10]. Considered as bastyaupakarma, Virechana has 
detoxification properties which enhance Agni and facilitate greater absorption of bruhmana and 
rasayanadravya.  
 
Basti: Regarded as gambhirdhatugatavikara, to be ingrained as karma or kaala basti [11]. Yapana basti 
serves as both lekhana and brumhana. It is medohara, increases Agni. Nasya possesses the 
Manaprasadana action attribute [12]. It regulates the enteric nervous system (ENS).  
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Anuvasanabasti: It rejuvenates the body and further improves dhatukshaya (reduction of body tissue) 

[13].  
 

MATERIALS AND METHODS 

Selection and Preparation of the Target Protein 

AutoDock is one of the most used tools for simulating receptor-ligand docking.  
 

Since its first introduction in the early 1990s, it has undergone constant development and been 
tailored to target particular proteins. Applications for AutoDock have been implemented in several 

biological systems. It has been applied to the modeling of protein–ligand docking as well as the 
prediction of binding affinity for a number of protein systems showing a strong connection with 

experimental binding affinity [14]. The 3D structure of the target Human Dystrophin structural protein, 

N-terminal Actin-binding domain (Homo 2-mer) (PDB ID- IDXX), was downloaded in PDB format 
from RCSB Protein Data Bank Database (https://www.rcsb.org/). Visualization of the protein was done 

using the software Discovery Studio (BIOVIA) 2024 v24.1.0.23298.   
 

Selection and Preparation of Ligand 

The phytocompounds of Withania somnifera (leaf, root, seed) were extracted from IMPPAT database 

(https://cb.imsc.res.in/imppat/home) and were considered for molecular docking study. The 3D 
structure of all the 25 phytocompounds extracted were downloaded in structure data file (SDF) format 

from PubChem database (https://pubchem.ncbi.nlm.nih.gov/) and the top five ligands which showed 
best binding affinity score were selected. For making the macromolecule go to PyRx, click on file, and 

click on load molecule and open the cleaned dystrophin protein. Now right click on this option and click 
on ‘AutoDock’ and then make macromolecule. Now click on ‘Open Babel’ in the control panel and then 

click on ‘add item’ to select all the 25 phytocompounds one by one. Once all the phytocompounds are 
selected right click anywhere on the table and click on ‘Minimize all.’ Click "Convert all to AutoDock 

ligand (pdbqt format)" with a right-click once again. Select "Vina Wizard" from the control panel and 
press "Start." Now come towards the navigator panel and select one ligand, and press ‘Ctrl key’ and 

select all the remaining 24 ligands and click on ‘forward’ in the control panel. For flexible docking, 
click on ‘Maximize’ in the control panel for the protein to fit inside the box and click on forward. The 

results will be generated. Once the results are being generated, a tabular column appears in the control 

panel, click on retrieve the data in CSV format to analyze the results. Now select any five ligands which 
show the best binding affinity score for further studies. Go to navigator panel, click on AutoDock, and 

click on ‘+’ symbol next to clean 1DXX. Now double click on the first ligand and download the 
respective model of ligand in ligand.pdb format. The same procedure is repeated for the remaining four 

ligands.  
 

In silico Absorption, Distribution, Metabolism, and Excretion  Analysis 

The phytocompounds were assessed using Swiss ADME (http://www.swissadme.ch/) to conduct a 

pharmacokinetics research that included analyses of absorption, distribution, metabolism, extraction, 
and excretion.  

 
The Canonical SMILES of the phytocompounds were obtained from PubChem database and pasted 

in Swiss ADME tool for ADME analysis. One stage in the medication development process is the 
evaluation of absorption, distribution, metabolism, and excretion (ADME). The Swiss ADME web tool 

offers free access to a pool of quick yet dependable predictive models for physicochemical qualities, 
pharmacokinetics, drug-likeness, and medicinal chemistry friendliness. This is made possible by in-

house expert approaches such as the Brain Or IntestinaL EstimateD permeation method (BOILED-

EGG), iLOGP, and Bioavailability Radar [15]. The computed physicochemical properties of 
compounds that successfully passed Phase I and entered Phase II clinical studies were correlated with 

their oral bioavailability, permeability, and aqueous solubility, according to a study by Lipinski and his 
colleagues. By doing this, the authors developed the “Rule of Five” —a memory aid that medicinal 

chemists can use to swiftly evaluate compounds in the course of drug discovery and optimization in 

https://www.rcsb.org/
https://cb.imsc.res.in/imppat/home
https://pubchem.ncbi.nlm.nih.gov/
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relation to the compounds’ propensity to exhibit favorable permeability and solubility profiles [16] 

(Tables 1–14). 
 

Table 1. Lipinski rule parameters [17, 18]. 
Property Range 

Molecular mass < 500 Daltons 

ClogP ≤ 5 

Molar refractivity 40–130 

Hydrogen bond donors ≤ 5 

Hydrogen bond acceptors ≤ 10 

Partition coefficient (logP) -0.4 to +5.6 

Polar surface area ≤ 140 Å 2 

 
Physicochemical Properties 

The molecular weight, Topological Polar Surface Area (TPSA), Lipophilicity (xLogP), flexibility, 
saturation (fraction Csp3) was checked in physicochemical properties. 

 

Protein Statistics and Ramachandran Plots 

The FASTA files of human dystrophin protein were extracted from NCBI website 
(https://www.ncbi.nlm.nih.gov/), PDBsum, and PROCheck were used to build the Ramachandran plot 
for the protein. The FASTA files of human dystrophin protein were pasted in EMBOSS Pepwindow tool 
to obtain the Hydropathy plot and EMBOSS Pepstats tool was used to obtain the protein statistics, mole 
percentage, and residues. 

 

Toxicity Prediction 

The highly popular ADMETlab webserver has undergone a complete redesign. It is now called 
ADMETlab 2.0 (https://admetmesh.scbdd.com/service/screening/index) and it supports approximately 
twice as many as ADMET-related endpoints as the previous version did. These endpoints consist of 
eight toxicophoric rules (751 substructures), 27 toxicity endpoints, 13 medicinal chemistry properties, 
23 ADME properties, and 17 physicochemical features. A multitask graph attention architecture was 
employed in ADMETlab 2.0 to generate accurate and dependable models. The batch computation 
module was made available in response to numerous customer requests, and the results' presentation 
was further enhanced [19]. The toxicity of the phytocompounds was predicted by pasting the Canonical 
SMILES into the tool and the data was retrieved in CSV format. The median lethal dose (LD50) was 
categorized into four classes based on their level of toxicity. 

 
Table 2. Toxicity categorization [20]. 

Class LD50(mg/kg) 

I LD50 <5 

II 5< LD50 <50 

III 50< LD50 <300 

IV 300< LD50 <2000 

 
RESULTS 

Selection of Phytocompounds  

A total of 25 phytocompounds of W.somnifera were extracted from IMPPAT database for molecular 
docking and virtual screening. Out of 25, only five compounds and their ligands showing best binding 
affinity towards the targeted dystrophin protein were selected.  

 

Protein Structure Analysis 
The three classes of dystrophin-associated proteins are extracellular (α-dystroglycan), 

transmembrane (β-dystroglycan, sarcoglycans, sarcospan), and cytoplasmic (dystrophin, dystrobrevin, 

https://www.ncbi.nlm.nih.gov/
https://admetmesh.scbdd.com/service/screening/index
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syntrophins, neuronal nitric oxide synthase), depending on where they are found in the cell. 
Sarcolemma’s extracellular surface is home to α-dystroglycan because of its association with peripheral 
membranes and heavy glycosylation. A solitary transcript is translated into α-dystroglycan and β-
dystroglycan, and the resulting peptide undergoes proteolytic processing to yield two distinct proteins 
[21]. In line with dystrophin glycoprotein complex (DGC’s) function in muscle cell adhesion to the 
basal lamina, α-dystroglycan acts as a receptor for extracellular ligands such as laminin. The 
transmembrane protein—β-dystroglycan which also interacts with dystrophin—is closely linked to α-
dystroglycan. α-dystroglycan is one of the few proteins that undergoes O-glycosylation or glycosylation 
on serine residues, and mutations in genes encoding a series of enzymes involved in glycosylation of 
α-dystroglycan (POMT1, POMT2, POMGnT1, FKTN, FKRP) resulting in LGMD2I, K, M, N and O 
[22]. Furthermore, mutations in human LARGE, GTDC2, B3GNT1, POMK, GMPPB, and ISPD genes 
have been shown to cause a wide spectrum of congenital muscular dystrophy by disrupting α-
dystroglycan glycosylation pathway [23–28]. 

 

Table 3. Dystrophin protein statistics. 

Molecule Chains Sequence length Organism Details 

Dystrophin A, B, C, D 246 Homo sapiens Mutations:2 

Gene names: DMD 

 

Protein Statistics  

The protein statistics were useful for the purification of protein and further research. The molecular 

weight of protein is 15369.48, total number of residues in the protein is 130, average residue weight of 

the protein is 118.227, charge obtained is -7.0 and isoelectric point is 4.6246. The property of amino 

acids, mole percentage and their numbers were obtained using the tool EMBOSS Pepstats 

(https://www.ebi.ac.uk/jdispatcher/seqstats/emboss_pepstats).  

 

The hydropathy plot of the protein was obtained using EMBOSS Pepwindow 

(https://www.ebi.ac.uk/jdispatcher/seqstats/emboss_pepwindow) (Figure 1).  

 

 
Figure 1. Hydropathy plot of human dystrophin protein. 

 

 

Ramachandran Plot 

When examining the energetically permitted regions for backbone dihedral angles ψ against φ of 

amino acid residues in protein structure, one can use a Ramachandran plot (Figure 2). To construct 

Ramachandran plot, we used tools named PDBsum and PROCheck (https://www.ebi.ac.uk/thornton-

srv/databases/cgi-bin/pdbsum/GetPage.pl?pdbcode=1dxx&template=procheck_summary.html).  

https://www.ebi.ac.uk/jdispatcher/seqstats/emboss_pepstats
https://www.ebi.ac.uk/jdispatcher/seqstats/emboss_pepwindow)
https://www.ebi.ac.uk/thornton-srv/databases/cgi-bin/pdbsum/GetPage.pl?pdbcode=1dxx&template=procheck_summary.html
https://www.ebi.ac.uk/thornton-srv/databases/cgi-bin/pdbsum/GetPage.pl?pdbcode=1dxx&template=procheck_summary.html
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Table 4. Protein statistics, residues, and mole percentage. 
Properties Residues Number Mole% 

Tiny (A+C+G+S+T) 21 16.154 

Small (A+B+C+D+G+N+P+S+T+V) 44 33.846 

Aliphatic (A+I+L+V) 39 30.000 

Aromatic (F+H+W+Y) 8 6.154 

Non-polar (A+C+F+G+I+L+M+P+V+W+Y) 55 42.308 

Polar (D+E+H+K+N+Q+R+S+T+Z) 75 57.692 

Charged (B+D+E+H+K+R+Z) 50 38.462 

Basic (H+K+R 22 16.923 

Acidic (B+D+E+Z) 28 21.538 

 

 
Figure 2. Ramachandran plot of human dystrophin protein. 

 

The plot statistics observed 876 non-glycine and non-proline residues from a total of 952 residues. 

The plot displays the most preferred sections, A, B, and L, with 771 residues (88%) in red. Additionally 

allowed regions are represented as a, b, l, p with 115 residues (11.5%) indicated in brown color. 

Generously allowed regions are represented as ~a, ~b, ~l, ~p with four residues (0.5%) indicated in 

yellow color. Disallowed regions are represented as XX with no residues indicated in faint yellow color. 

The end residues will exclude eight Glycine and Proline residues.  

 

Purification of Protein 

The targeted human dystrophin protein was cleaned on Discovery Studio by deleting the heteroatoms. 

The cleaned protein was saved for further analysis and molecular docking (Figures 3 & 4).  

 

  
Figure 3. Purified dystrophin protein.  Figure 4. 2D structure of dystrophin protein. 
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Macromolecular Structure Analysis 

The actin-binding amino-terminal domain (ABD1), central rod domain, cysteine-rich domain, and 
carboxyl-terminus are the four primary functional domains of dystrophin protein. 

 
ABD1 contains two calponin homology disciplines (CH1 and CH2) [29, 30]. Dystrophin’s central 

rod domain contains 24 spectrin repeats, which are ~110 aa motifs consisting of triple α-helices folded 
into small ~5 nm rods [31, 32]. Furthermore, a different set of spectrin repeats rich in basic amino acids 
are bridged by a second actin-binding motif (ABD2) located in the rod domain, suggesting that a 
connection with the acidic actin filaments is dependent on electrostatic interaction. [33]. It has also been 
demonstrated that the tryptophan residues in the spectrin-like repeats of dystrophin’s rod bind 
membrane phospholipids in vitro [34]. In addition to dystrophin’s association with F-actin, this 
interaction is assumed to further facilitate dystrophin’s targeting of sarcolemma. Furthermore, the rod 
creates a flexible linker that connects the amino- and carboxy-termini. Four short proline-rich spacers 
are referred to as “hinges” because they provide elasticity to the protein break up at the 24 spectrin 
repeats [35]. The WW domain, which is present at the end of the rod domain and is involved in protein-
protein interactions is found on hinge 4 [36]. The WW domain and two neighboring EF-hands bind the 
carboxy-terminus of β-dystroglycan, anchoring dystrophin at the sarcolemma. [37]. The EF-hand motifs 
are made up of two α-helices, connected by a brief loop region that has been connected to the binding 
of calcium [32].  

 
The two EF-hands of dystrophin are found in the cysteine-rich domain, which is situated between the 

central rod and C-terminus. In addition to the cysteine rich domain, there is a zinc finger (ZZ) domain 
that folds to create a domain structure when divalent metal cations such as Zn2+ are present [38]. 
Dystrophin’s ZZ domain attaches itself to calcium-dependent modulin [39]. It has also been 
demonstrated that the cysteine rich domain of dystrophin binds to ankyrin-B—an adaptor protein 
necessary for holding dystrophin at the sarcolemma [40]. Furthermore, it has been demonstrated that 
the rod’s cysteine-rich domain and specific repeats bind to the intermediate filament protein synemin, 
enhancing the bond between costameric regions and myofibrils [41]. The spectrin repetitions in the rod 
domain are similar to the α-helical coiled coils formed by folding two polypeptides present in the CT 
domain [42]. Common protein motifs involved in protein–protein interaction are curled coils. 
Dystrobrevin and syntrophins binding sites are provided by the CT domain, which mediates the 
sarcolemma localization [43]. 
 

Table 5. Physicochemical properties. 

Compound Formula MW MlogP H acceptors H donors MR 

Hygrine C8H15NO 141.21 0.76 2 0 45.47 

Withanone C28H38O6 470.6 2.75 6 2 127.49 

Withaferine A C28H38O6 470.6 2.75 6 2 127.53 

Gamma-aminobutyric acid C4H9NO2 103.12 -0.39 3 2 25.82 

Nicotine C10H14N2 162.23 1.17 2 0 53.13 

Galactitol C6H14O6 182.17 -2.77 6 6 37.93 

Tropine C8H15NO 141.21 0.9 2 1 44.31 

Pelletierine C8H15NO 141.21 0.76 2 1 45.37 

Cuscohygrine C13H24N2O 224.34 1.34 3 0 74.2 

Scopoletin C10H8O4 192.17 0.76 4 1 51 

Palmitic acid C16H32O2 256.42 4.19 2 1 80.8 

Oleic acid C18H34O2 282.46 4.57 2 1 89.94 

Linoleic acid C16H32O2 280.45 4.47 2 1 89.46 

Beta-sitosterol C29H50O 414.71 6.73 1 1 133.23 

Somniferine C36H36N2O7 608.68 1.67 9 2 171.39 

Coagulin Q C34H52O10 620.77 1.25 10 6 161.86 
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Compound Formula MW MlogP H acceptors H donors MR 

Physagulin-D C34H52O10 620.77 1.25 10 6 161.86 

Hydrocortisone sodium succinate C25H33NaO8 484.51 1.29 8 2 116.72 

Stigmasterone C29H46O 410.67 6.53 1 0 131.79 

Viscosalactone B C28H40O7 488.61 2.04 7 3 129.13 

Beta-Amyrin C30H50O 426.72 6.92 1 1 134.88 

Esculetin C9H6O4 178.14 0.45 4 2 46.53 

Fucosterol C29H48O 412.69 6.62 1 1 132.75 

Sominone C28H42O5 458.63 3.66 5 3 129.44 

Daucosterol C35H60O6 576.85 3.96 6 4 165.61 

MR: molecular refractivity; MW: molecular weight 

 

Table 6. Physicochemical properties. 

Compound Fraction Csp3 Rotatable bonds TPSA Lipophilicity 

Hygrine 0.88 2 20.31 0.47 

Withanone 0.79 3 96.36 3.83 

Withaferine A 0.79 2 96.36 3.05 

Gamma-aminobutyric acid 0.75 3 63.32 -3.17 

Nicotine 0.5 1 16.13 1.17 

Galactitol 1 5 121.38 -3.1 

Tropine 1 0 23.47 0.75 

Pelletierine 0.88 2 29.1 0.36 

Cuscohygrine 0.92 4 23.55 1 

Scopoletin 0.1 1 59.67 1.53 

Palmitic acid 0.94 14 37.3 7.17 

Oleic acid 0.83 15 37.3 7.64 

Linoleic acid 0.72 14 37.3 6.98 

Beta-sitosterol 0.93 6 20.23 9.34 

Somniferine 0.47 3 100.93 2.61 

Coagulin Q 0.85 5 166.14 2.47 

Physagulin-D 0.85 5 166.14 2.47 

Hydrocortisone sodium succinate 0.76 7 141.03 2.11 

Stigmasterone 0.83 5 17.07 8.2 

Viscosalactone B 0.86 3 116.59 2.85 

Beta-Amyrin 0.93 0 20.23 9.15 

Esculetin 0 0 70.67 1.22 

Fucosterol 0.86 5 20.23 8.85 

Sominone 0.82 3 86.99 4.72 

Daucosterol 0.94 9 99.38 7.74 

TPSA: topological polar surface area 

 

PHARMACOLOGICAL STUDIES 

ADME and BOILED-EGG Analysis 

The molecules were plotted according to legends using BOILED-EGG analysis. Points located in the 

BOILED-Egg's yolk are molecules predicted to passively permeate through the blood–brain barrier, 

while points located in the BOILED-Egg's white are molecules predicted to be passively absorbed by 

gastrointestinal tract [29] (Figure 5). 
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Figure 5. Brain Or IntestinaL Estimate D permeation predicted method (BOILED-EGG) analysis of 

the phytocompounds. 

 

Table 7. ADME properties. 

Compound BBB permeant GI absorption PGP substrate Solubility 

Hygrine No High No -1.2 

Withanone No High Yes -3.79 

Withaferine A No High Yes -4 

Gamma-aminobutyric acid No High No -0.04 

Nicotine Yes High No -2.62 

Galactitol No Low No 2.57 

Tropine No High No -0.25 

Pelletierine Yes High No -1.8 

Cuscohygrine Yes High No -1.85 

Scopoletin Yes High No -3.17 

Palmitic acid Yes High No -5.31 

Oleic acid No High No -5.39 

Linoleic acid Yes High No -4.67 

Beta-sitosterol No Low No -6.19 

Somniferine No High Yes -6.11 

Coagulin Q No Low Yes -2.02 

Physagulin D No Low Yes -2.02 

Hydrocortisone sodium succinate No High Yes -2.99 

Stigmasterone No Low No -6.17 

Viscosalactone B No High Yes -3.44 
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Compound BBB permeant GI absorption PGP substrate Solubility 

Beta-amyrin No Low No -7.16 

Esculetin No High No -2.46 

Fucosterol No Low No -5.83 

Sominone No High Yes -3.84 

Daucosterol No Low No -4.4 

BBB: blood–brain barrier; GI: gastrointestinal; PGP: permeability glycophorin 

 

Toxicity Predictions 

Through the modulation of antioxidant pathways, W.somnifera has been demonstrated to prevent 

neurotoxic and neurodegenerative diseases. 

 

Table 8. Toxicological properties. 

Compound LC50 Carcinogenicity Skin sensitivity QEDw 

Hygrine 2.485 0.782 0.73 0.573 

Withanone 4.404 0.405 0.037 0.498 

Withaferine A 3.732 0.338 0.011 0.364 

Gamma-aminobutyric acid 2.56 0.12 0.261 0.52 

Nicotine 3.024 0.235 0.918 0.626 

Galactitol -0.513 0.007 0.025 0.261 

Tropine 2.261 0.434 0.875 0.534 

Pelletierine 2.453 0.695 0.851 0.624 

Cuscohygrine 2.459 0.821 0.709 0.723 

Scopoletin 3.526 0.595 0.555 0.695 

Palmitic acid 5.246 0.064 0.899 0.413 

Oleic acid 4.794 0.084 0.951 0.291 

Linoleic acid 5.113 0.153 0.961 0.318 

Beta-sitosterol 5.365 0.047 0.133 0.436 

Somniferine 7.067 0.834 0.825 0.545 

Coagulin Q 6.107 0.049 0.007 0.198 

Physagulin D 6.107 0.049 0.007 0.198 

Hydrocortisone sodium succinate 3.134 0.694 0.016 0.555 

Stigmasterone 5.468 0.068 0.049 0.419 

Viscosalactone B 3.94 0.078 0.039 0.413 

Beta-amyrin 6.786 0.017 0.035 0.387 

Esculetin 4.108 0.721 0.921 0.469 

Fucosterol 5.706 0.119 0.022 0.454 

Sominone 4.68 0.208 0.068 0.437 

Daucosterol 5.307 0.038 0.019 0.257 

QEDw: weighted quantitative estimate of drug-likeness 

 

Comparative studies investigating the antioxidant potential of different natural product formulations 

containing W.somnifera have shown the highest activity as compared to other formulations and standard 

ascorbic acid. It has demonstrated substantial (DPPH) free radical scavenging and hydrogen peroxide 

scavenging at 1000 g/ml and 100 g/ml concentrations, respectively. Besides being used as a 

neuroprotectant, the main impediment remains the blood brain barrier (BBB) penetrability of the active 

constituents of W. somnifera. There are no reports about the major Withanolides crossing the BBB. 

However, a single report in prevalent literature has shown that Withanamides (bioactive constituents 
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from fruit of W. somnifera) transverse the BBB after intraperitoneal administration of extract. 

Toxicological studies have found W. somnifera safe at very high doses in animals. In a study involving 

Wistar rats’ hydro-alcoholic root extract of W. somnifera was found to have no toxicity even at higher 

dose of 2000 mg/kg body weight. During the acute toxicity study, treatment with 2000 mg/kg of the 

extract for 14 days and with 500 mg/kg, 1000 mg/kg, and 2000 mg/kg for 28 days for subacute toxicity 

test; no discernible alterations were observed in the body weight, organ weight, and haemato-

biochemical parameters [44]. 

 

Molecular Docking Results 

Ligand Retrieval  

After analyzing the molecular docking results, the top five ligands which showed best binding 

interaction with the protein were selected and their respective models were downloaded in ligand.pdb 

format. The top five ligands which showed best binding interactions with the dystrophin protein were 

Withaferine A, Coagulin Q, Physagulin D, Somniferine, and Viscosalactone B (Figures 6–10). 

 

Table 9. Binding affinity of the phytocompounds. 

Compound Binding affinity 

Hygrine -4.1 

Withanone -7.8 

Withaferine A -8.1 

Gamma-aminobutyric acid -4.1 

Nicotine -4.5 

Galactitol -4.8 

Tropine -4.4 

Pelletierine -4.6 

Cuscohygrine -4.9 

Scopoletin -5.6 

Palmitic acid -4.4 

Oleic acid -4.1 

Linoleic acid -4.2 

Beta sitosterol -6.9 

Somniferine -8.1 

Coagulin Q -8 

Physagulin D -8.1 

Hydrocortisone sodium succinate -7.2 

Stigmasterone -7.5 

Viscosalactone B -8 

Beta-amyrin -7.9 

Esculetin -5.7 

Fucosterol -7 

Sominone -7.6 

Daucosterol -7.7 

 

 
Figure 6. Ligand Withaferine A. 
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Figure 7. Ligand Somniferine. 

 

  
Figure 8. Ligand Coagulin Q. 

 

 
Figure 9. Ligand Physagulin D. 

 

 
Figure 10. Ligand Viscosalactone B. 

 

Docking of Protein with Selected Compound 

After selecting the top five ligands which showed effective binding affinity towards the protein, and 

downloading their respective models in ligand.pdb format, Discovery Studio was used for further 

analysis of 2D interactions of the ligand and the protein. Open the clean 1DXX file and simultaneously 

open ligand 1(Withaferine A) file. Press Ctrl+H for the coordinate window of the ligand to appear. 

Click on ligand 1 in the coordinate window, copy it and paste it in the coordinate window of clean 

protein for the ligand to bind to the protein. Now in the tools section to define the ligand, click on ligand 

1 in the coordinate window of the protein and then double click on ‘define ligand-<undefined>’ to 

define it. Now click on view 2D interactions to analyze the interaction between the ligand and protein 

complex. Repeat the same procedure for the remaining four ligands.  

 

Visualization of Molecular Interaction of Withaferine A with Dystrophin Protein 

The ligand was interacting with LEU 141, LYS 226, THR 160, THR 161, SER 142, LYS 138, and 

ASP 9 amino acids. The ligand Withaferine A had strong interactions with chains C and D of amino 

acids with binding affinity of -8.1 (Figures 11–15). 
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Figure 11. 2D interactions of ligand Withaferine A with Dystrophin protein 

 

Table 10. 2D interactions of Withaferine A–protein complex. 

Amino acid Distance Category Type 

D: LEU 141 4.02 and 4.84 Hydrophobic Alkyl 

D: LYS 225 4.85 Hydrophobic Alkyl 

D: THR 160 2.96 Hydrogen bond Conventional hydrogen bond 

D: THR 161 2.97 Hydrogen bond Conventional hydrogen bond 

D: SER 142 2.96 Hydrogen bond Conventional hydrogen bond 

D: LYS 138 2.89 Hydrogen bond Conventional hydrogen bond 

C: ASP 9 2.19  Unfavorable donor–donor 

 

Visualization and Molecular Interaction of Somniferine with Dystrophin Protein 

The ligand was interacting with SER 234, ILE 209, SER 30, and LYS 31 amino acids. The  

ligand Somniferine had strong interactions with chains C and D of amino acids with binding affinity of 

-8.1.  

 
Figure 12. 2D interactions of ligand Somniferine with Dystrophin protein. 
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Table 11. 2D interactions of Somniferine–protein complex. 

Amino acid Distance Category Type 

D: SER 234 2.89 Hydrogen bond Conventional hydrogen bond 

D: ILE 209 5.09 Hydrophobic Alkyl 

C: LYS 31 4.01 Hydrophobic Pi-cation 

C: SER 30 3.37 Hydrogen bond Carbon hydrogen bond 

 

Visualization and Molecular Interaction of Coagulin Q with Dystrophin Protein 

The ligand was interacting with GLY 95, TRP 112, ASN 113, LYS 226, and GLU 12 amino acids. 

The ligand Coagulin Q had strong interactions with chains B, C and D of amino acids with binding 

affinity of -8.  

 

  
Figure 13. 2D interactions of ligand Coagulin Q with Dystrophin protein. 

 

Table 12. 2D interactions of Coagulin Q-protein complex. 

Amino acid Distance Category Type 

B: GLY 95 3.39 Hydrogen bond Carbon hydrogen bond 

C: TRP 112 3.49 Hydrogen bond Carbon hydrogen bond 

C: ASN 113 2.25 Hydrogen bond Conventional hydrogen bond 

C: GLU 12 2.65 Hydrogen bond Conventional hydrogen bond 

D: LYS 226 3.09 Hydrogen bond Conventional hydrogen bond 

 

Visualization and Molecular Interaction of Physagulin D with Dystrophin Protein 

The ligand was interacting with ASN 155, ARG 149, ARG 145, SER 244, SER 244 amino acids. The 

ligand Physagulin D had strong interactions with chains A and B of the amino acids and showed a 

binding affinity value of -8.1.  
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Figure 14. 2D interactions of ligand Physagulin D with Dystrophin protein. 

 

Table 13. 2D interactions of Physagulin D-protein complex 

Amino acid Distance Category Type 

A: ASN 155 2.88 and 3.01 Hydrogen bond Conventional hydrogen bond 

A: ARG 149 5.28 Hydrophobic Alkyl 

A: ARG 145 4.80 Hydrophobic Alkyl 

A: SER 244 3.03 Hydrogen bond Conventional hydrogen bond 

B: SER 244 2.98 Hydrogen bond Conventional hydrogen bond 

 

Visualization and Molecular Interactions of Viscosalactone B with Dystrophin Protein 

The ligand was interacting with ASN 155, ARG 145, SER 244, SER 244, and ARG 149 amino acids. 

Viscosalactone B, the ligand, exhibited a binding affinity value of -8 and demonstrated robust 

interactions with amino acid chains A and B. 

 

 
Figure 15. 2D interactions of ligand Viscosalactone B with Dystrophin protein. 
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Table 14. 2D interactions of Viscosalactone B–protein complex. 

Amino acid Distance Category Type 

A: ASN 155 3.01 Hydrogen bond Conventional hydrogen bond 

A: ARG 145 3.30 Hydrogen bond Conventional hydrogen bond 

A: SER 244 3.06 Hydrogen bond Conventional hydrogen bond 

A: ARG 149 4.83 and 5.33 Hydrophobic Alkyl 

B: SER 244 2.87 Hydrogen bond Conventional hydrogen bond 

 

DISCUSSION 

W. somnifera and its phytocompounds have antidiabetic, anti-epileptic, anti-inflammatory, anti-

depressant, anti-arthritic, anti-cancer properties. Ashwagandha is an intriguing plant with a wide range 

of therapeutic properties that are being studied by researchers. While more research is needed to fully 

understand its benefits and dosages, Ashwagandha shows promise as a natural remedy for stress, 

inflammation, cognitive decline, and other health issues. Its capacity to raise testosterone levels and 

lower cortisol levels has also been demonstrated by studies. 

 

Withaferin A, when given to albino rats with adjuvant-induced arthritis at a dose of 12–25 mg/kg of 

body weight, suppresses the arthritic syndrome without causing any adverse effects. In contrast to 

Hydrocortisone sodium succinate, Withaferine A caused animals with arthritic syndrome to gain more 

body weight. The findings demonstrated that Withaferine A is more effective than Hydrocortisone 

sodium succinate [45]. The plant’s glycosides, specifically sitoindosides VII and VIII have been linked 

to anti-stress activity. Ashwagandha’s value as an anti-stress adaptogen was supported by studies done 

by researchers [46]. The use of W.somnifera as a medicinal plant in Ayurveda as Maharasayana has 

recently been supported by scientific evidence as a cardioprotective agent [47–49]. It has been reported 

that W. somnifera, either  in powder form or in combination with other medications, has a growth 

promoting effect. Withanolides are responsible for the increase in activity that promotes growth [50]. 

The effects of Ashwagandha roots on hypoglycemia and diuresis were also evaluated. Additionally 

noted were changes in urine volume, sodium, triglycerides, low density lipoproteins, and serum 

cholesterol [51]. Drugs derived from the roots of W.somnifera, such as Somniferine and Viscosalactone 

B, are used to treat epilepsy, rheumatic pain, and joint inflammation. Dried roots are used as a sedative, 

a tonic for female disorders, hiccups, cold, cough, and senile debility among other things. Leaves are 

used to treat swellings, inflammation, and carbuncles. Juice from the leaves can help with conjunctivitis. 

Its benefits include anti-inflammatory, antitumor, anti-stress, antioxidant, mind-boosting, immune-

stimulating, and rejuvenating effects. There have also been reports of sex-enhancing qualities in its roots 

[52]. Its leaves are grounded into a paste that is used to treat tubercular gland inflammation. Fruits and 

seeds are diuretic in nature [53]. Condensed tannins, proteolytic enzymes, amino acids, and flavonoids 

are all present in green berries. The berries’ high concentration of amino acids might be caused by the 

proteolytic enzyme chamase. The tender shoots are not fibrous and are high in phosphorous, calcium, 

and crude protein. Scopoletin is reportedly present in them. Numerous free amino acids are present in 

the bark [54]. It has been reported that Withaferine A and Withanolide D have strong antitumor and 

radio-sensitizing properties [55]. It has been reported that a different component of W.somnifera, 1-oxo-

5ß, 6β-epoxy-witha-2-enolide, reduces skin carcinoma caused by UV radiation. It also inhibited colon, 

breast, lung, and central nervous system cancer cells by reducing their viability in a dose-dependent 

manner [56]. Withaferine A passed Lipinski’s rule of 5 and had weighted quantitative estimate of drug-

likeness (QEDw) value of 0.364. Somniferine passes Lipinski’s rule of 5 and had QEDw value of 0.545. 

It was used for treatment of SARS-CoV-2 Coagulin Q passed Lipinski’s rule of 5 and had QEDw value 

of 0.198. Physagulin D passed Lipinski’s rule of 5 and had QEDw value of 0.198. Viscosalactone B, a 

Withanolide, passed Lipinski’s rule of 5 and had QEDw value of 0.413. Ashwagandha is a better 

medicine for tiredness with nervous irritability because it is said to have a sedative rather than a 

stimulative effect on the central nervous system [57, 58].  
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CONCLUSION 

W.somnifera is a natural product with promising pharmacological potential. In Indian systems of 
medicine, it has several preclinical and clinical uses. Through the modulation of PI3K/ Akt, MAPK 

signaling pathways, and anti-apoptotic cascades, extract from W.somnifera together with its active 
ingredients or metabolites have been shown in several cellular and animal models to contain antioxidant 

capabilities and rescue neuronal cells from toxic assaults and inflammation. Even though Ashwagandha 
has been effectively used for ages in Ayurvedic medicine, additional clinical research is needed to 

confirm its potential benefits. As a result, we may draw a conclusion that drugs such as Withaferine A, 
Somniferine, Coagulin Q, Physagulin D, and Viscosalactone B, which have lower toxicity levels and 

strong affinity for binding the dystrophin protein, may be suitable options. 
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Abbreviations 

Abbreviation Full form 

AAV vector Adeno Associated Viral vector 

ADMET Absorption, Distribution, Metabolism, Excretion and 
Toxicity 

BOILED-EGG Brain Or IntestinaL EstimateD permeation predicted 
method 

BBB Blood Brain Barrier 

BMD Becker Muscular Dystrophy 

CT domain Carboxy terminal domain 

Array-CGH Comparative Genomic Hybridization 

CSV Comma Separated Values 

DAPC Dystrophin Associated Protein Complex 

DMD Duchenne Muscular Dystrophy 

DGC Dystrophin Glycoprotein Complex 

ENS Enteric Nervous System 

FASTA Fast Alignment Sequence Test for Application 

GI tract Gastrointestinal tract 

IMPPAT Indian Medicinal Plants, Phytochemistry and 
Therapeutics 

LD  Lethal dose 

MLPA Multiple Ligation Probe Assay 

MR Molecular Refractivity 

nNOS Neuronal Nitric Oxide Synthase 

NCBI National Centre for Biotechnology Information 

PDB Protein Data Bank 

PGP substrate Permeability Glycophorin 
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QEDw Weighted Quantitative Estimate of Drug-likeness 

SDF Structure Data File 

SMILES Simplified Molecular- Input Line-Entry System 

TPSA Topological Polar Surface Area 
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