
 

Creative Commons 4.0

Molecular docking and ADMET analysis of coenzyme Q10 as a 
potential therapeutic agent for Alzheimer's disease 
Abdullah Al Nomana, *, Pranab Dev Sharmab, Tasmia Jahin Mimb, Md Al Azadc, Himanshu Sharmad

a School of Pharmacy, BRAC University, Dhaka, Bangladesh.
b Department of Mathematics and Natural Science, BRAC University, Dhaka, Bangladesh.
c Department of Pharmacy, Jahangirnagar University, Savar, Dhaka, Bangladesh.
d Teerthanker Mahaveer College of Pharmacy, Teerthanker Mahaveer University, Moradabad (UP)-244001, India.

Abstract
Alzheimer’s disease (AD) is a neurodegenerative disorder characterized by cognitive decline, synaptic dys-
function, and neuroinflammation, with oxidative stress playing a crucial role. Coenzyme Q10 (CoQ10), known 
for its antioxidant properties, has been proposed as a potential therapeutic agent due to its ability to mitigate 
oxidative damage and maintain mitochondrial integrity. This study investigates the molecular interactions of 
CoQ10 with key proteins involved in AD pathology—glycogen synthase kinase-3β (GSK-3β), protein kinase 
B (PKB), and phosphoinositide 3-kinase (PI3K)—through molecular docking methods. Results indicate that 
CoQ10 exhibits the strongest binding affinity with GSK-3β, potentially reducing tau protein phosphorylation, 
a hallmark of AD. ADMET analysis further supports CoQ10’s drug-like properties, with a favorable absorption 
and safety profile, although limited blood-brain barrier permeability poses a challenge. This in silico study 
highlights CoQ10’s therapeutic potential in addressing neuroinflammation and oxidative stress in AD, warrant-
ing further in vitro and in vivo validation.
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Introduction

Alzheimer’s disease (AD) is a chronic, progressive neu-
rodegenerative condition predominately affecting the 
elderly, which causes substantial deficits in memory, cog-
nitive deterioration, and synaptic connections difficulties 
[1]. It represents 60-80% of global dementia cases, and 
despite numerous research initiatives, no specific cure has 
been uncovered [2]. The condition known as Alzheimer's 
pathogenesis is characterized by two primary features: 
exogenous amyloid-beta (Aβ) plaques and intracellular 
neurofibrillary knots that consist of hyperphosphorylated 
tau proteins. For these characteristics, two essential patho-

genic mechanisms—neuroinflammation and oxidative 
stress—are important to the disease's development [3]. 
Neuroinflammation is the continuous activation of mi-
croglia and astrocytes, which produce pro-inflammatory 
cytokines that exacerbate damage to the neurons [4]. Oxi-
dative stress is caused by an imbalance between the for-
mation of reactive oxygen species (ROS) and the brain's 
defense against antioxidants, which causes damage to 
lipids, proteins, and genetic material [5].
Mitochondrial dysfunction has grown into an important 
contributor to oxidative stress in the development of AD 
[6]. Mitochondria, as the essential suppliers of cellular 
energy and ROS, contribute to increased damage from 
oxidation and neuroinflammation when malfunctioning. 
Coenzyme Q10 (CoQ10) is a possible chemical substance 
in the fight against oxidative stress, functioning as a natu-
rally occurring antioxidant and a crucial component of the 
chain of electron transport in the mitochondria. CoQ10 
works both in cellular production of energy and in neu-
tralizing free radicals, therefore preserving neurons from 
damage caused by oxidation and protecting mitochondrial 
integrity. Additionally, CoQ10 has demonstrated neu-
roprotective properties in numerous neurodegenerative 
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conditions, which include Parkinson's and Huntington's 
diseases, by lowering oxidative damage and inhibiting 
caspase pathways [7]. The neuroprotective impact of 
CoQ10 in the progression of Alzheimer's has been found 
to be connected to the ability to regulate important signal-
ing pathways related to surviving cells and inflammation. 
The PI3K/Akt pathway plays an important role in improv-
ing neuronal life expectancy through the regulation of 
apoptosis, autophagy, respectively, and the inflammatory 
response. Three essential proteins in this pathway—glyco-
gen synthase kinase-3 beta (the transcription factor GSK), 
protein kinase B, also known as PKB/Akt, and phos-
phoinositide 3-kinase (PI3K)—are particularly noteworthy 
in the study of Alzheimer's research. GSK-3β contributes 
to the degradation of tau proteins, which produces neuro-
fibrillary tangles, while PI3K and Akt perform protective 
roles by enhancing cell survival and preventing apoptosis. 
The process of deregulation of this pathway has been as-

sociated with the development of AD and increased sus-
ceptibility to damage from oxidation and inflammation [8].
Using a molecular docking method, this research is aimed 
at investigating the potential of CoQ10 to mitigate oxida-
tive stress and neuroinflammation in AD, with particular 
emphasis on its connections with GSK-3β, PKB/Akt, 
and PI3K. An effective way to investigate possible rela-
tionships between CoQ10 and target proteins, as well as 
potential regulation of the PI3K/Akt pathway, is by using 
the computational methodology of molecular docking. 
By analyzing CoQ10's impact on the proteins that signal 
associated with the major pathogenic mechanisms of AD, 
we expect to contribute molecular insights into the drug's 
potential. By comprehension of these molecular interac-
tions, CoQ10 may become an alternative therapeutic 
intervention candidate in AD, providing a new approach 
to control neuroinflammation and oxidative stress. Beside 
that in the animal model, CoQ10 has been shown to have 
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Figure 1. Error values distribution over all residues. The overall quality factor of GSK-3β (A), PKB (B), and PI3K (C).
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evidence of decreasing amyloid beta levels and forma-
tion of plaque. In animals, this explains why it may play a 
prominent role in mitigating AD pathology [9, 10].

Materials and methods

Molecular docking study

Computer-based tools were used to visualize the protein 
and ligand capabilities. These tools are very effective in 
molecular docking and save time [11]. Various online 
tools and software were used for this study, such as PyRx 
0.8, ChimeraX 1.8, BIOVIA Discovery Studio 2024 Cli-
ent, PkCSM, Errat, and Pro-SA Web.

Ligand selection

For this study, CoQ10 was selected. CoQ10 is an influen-
tial antioxidant that is produced by our body inherently 
[12]. This coenzyme has significant antioxidant proper-
ties. This coenzyme can be used as an important bioactive 
compound to relieve the oxidation [13]. The antioxidant 
character of CoQ10 helps to remove oxidative stress from 
cells. Oxidative stress is mainly connected to AD [14, 15]. 
Moreover, some research has found that CoQ10 plays a 
significant role in decreasing amyloid-β plaques and tau 
protein tangles; these factors are connected to AD [15, 
16]. Overall, this compound was thought to be perfect for 
the study. 

Protein selection

CoQ10 interacts with a number of important proteins in-
volved in IL-17-mediated neurological inflammation and 
oxidative stress in AD [17, 18]. The selected proteins are 
1. phosphoinositide 3-kinase (PI3K) (PDB ID: 3APD), 
2. protein kinase B (PKB) (PDB ID: 1UNQ), and 3. gly-
cogen synthase kinase-3β (GSK-3β) (PDB ID: 1GNG). 
PI3K and PKB are parts of the PI3K and Akt signaling 
pathways. These proteins have a significant impact on 
neuroprotection and survival of cells [19]. Further, GSK-
3β is involved in tau protein phosphorylation [19]. 

Ligand preparation

From previous findings, CoQ10 (PDB ID: 521915) was 

selected [20]. The structure of this compound was col-
lected from Pubchem (https://pubchem.ncbi.nlm.nih.gov/, 
accessed on October 4, 2024) in SDF format for binding 
to selected proteins. To start with, the coenzyme was di-
rectly inserted in the PyRx software. Other software rec-
ommends the pdbqt format, but in PyRx, there is no need 
for the pdbqt file, because PyRx directly supports sdf files 
[21]. After that, energy was reduced of that compound 
for a perfect result. For docking, the compound was then 
converted into pdbqt format. Science PyRx has access to 
openbable [22]. After performing docking, the specific 
conformation of this compound is selected and saved as a 
PDB file for further analysis. 

Protein check

Errat

The accuracy and reliability of the proteins were detected 
by ERRAT (https://saves.mbi.ucla.edu/, accessed on Octo-
ber 4, 2024), an online program that analyzes the quality 
of a protein structure by examining non-bonded atom-
atom interactions [23]. An overall quality factor greater 
than 90% shows a high quality model [24]. According to 
Errat, the overall quality factor of PI3K (PDB ID: 3APD) 
was 95.641% (Figure 1C), PKB (PDB ID: 1UNQ) was 
95.327% (Figure 1B), and GSK-3β (PDB ID: 1GNG) was 
92.222% (Figure 1A). The overall quality factors of all 
proteins are above 90%, which means high-quality model. 
Based on Figure 1, the x-axis represents all residues and 
the y-axis represents the errors. The red lines show the 
higher error value, which is above 99% or only at 99%, 
and the yellow vertical lines also indicate the error value, 
but at a low level. Moreover, the two horizontal lines at 
95% and 99% are the threshold lines.

ProSA-Web

Moreover, the ProSa-Web tool (https://prosa.services.
came.sbg.ac.at/prosa.php, accessed on October 4, 2024) 
was used to check the proteins. It is a useful online tool 
that finds problems in three-dimensional protein struc-
tures. It also gives score and energy graphs to highlight 
faults in protein models and the results are shown in 
graphs (Figure 2 and Figure 3) [25]. The more negative 
value of the z-score represents a better protein model [26, 
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Figure 2. Z-score graphs for identified proteins, including GSK-3β (A), PKB (B), and PI3K (C).
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27].
According to Figure 2, the z-score for GSK-3β is -8.68, 
which indicated that the protein is located in the NMR 
solved protein structure (Figure 2A); PKB is -4.97, which 
represented that the protein is present in the NMR solved 
protein structure (Figure 2B); and PI3K is -12.1, which 
showed that the protein structure is situating in X-ray 
solved protein structure (Figure 2C). The z-scores are rep-
resented as black dots in the graphs. Besides, the x-axis 
and y-axis of the energy plots (Figure 3) show the position 
of the amino acid sequences and the energy values. On the 
y-axis, positive values show the problematic regions and 
negative values represent the correct regions of a protein. 
In Figure 3, it is noticeable that GSK-3beta (Figure 3A) 
and PKB (Figure 3B) have more negative energy levels 
than PI3K (Figure 3C).

Hydrophobicity

The hydrophobicity graphs in Figure 4 show the hydro-
phobicity properties of amino acid residues in a protein 
sequence. The x-axis indicates the position of the amino 
acid residues and the y-axis represents the average hydro-
phobicity of each amino acid. Again, the yellow circles 
exhibit the hydrophobicity of each residue and the blue 
lines connect the yellow circles to help visualize the data 
point’s position. The positive values above 0 display the 
hydrophobic areas and are found in the interior of the pro-
tein as well as in the transmembrane region. On the other 
hand, the negative values below 0 show the hydrophilic 
areas that are present in the interaction with other mol-
ecules. 

Protein preparation

The identified proteins are prepared one by one using the 
UCSF ChimeraX software. It is a reliable software for 
preparing a protein for molecular docking studies [28]. 
First, a protein’s pdb file is inserted in the software. Next, 
the heteroatoms are deleted, and one chain is selected for 
the protein, which has two or more protein chains. After 
that, the Dock Prep option is selected for full preparation. 
In this section, H-bonds, charges and missing residues are 
added to the protein [29]. After completing these steps, 

the newly prepared protein is saved as a pdb file. Further-
more, the active sites of the proteins are identified using 
Discovery Studio [30].

Protein-ligand binding

Before binding proteins to the specific compounds, their 
active sites are determined using Discovery Studio. This 
software is very useful to quickly identify the active sites 
[31]. For GSK-3β (PDB ID: 1GNG), ARG96, ARG180, 
LYS205, ARG209, ASN213, VAL214, and VAL208 are 
the amino acids as active sites. Again, amino acids in-
cluding SER0, MET1, SER2, HIS13, LYS14, GLY16, 
GLU17, TYR18, ILE19, ARG23, ARG25, LEU52, 
ASN53, PHE55, and ARG86 are selected as active bind-
ing sites for PKB (PDB ID: 1UNQ). TRP212, LYS288, 
ILE831, LYS833, ASP836, ILE879, GLU880, ILE881, 
VAL882, THR887, ASP946, ARG947, HIS948, ASN951, 
MET953, ILE963, ASP964, and ILE968 are identified 
for PI3K (PDB ID: 3APD). During molecular docking, 
ligands do not always bind to the identified active sites 
of a protein. This situation is known allosteric regulation 
[32]. For perfect binding, the protein grid box was maxi-
mized. As a result, whole proteins become selected and 
ligands can bind to the perfect site. First, a specific protein 
and ligand were inserted into PyRx for molecular dock-
ing. Next, different positions and dimensions were set for 
the grid box for maximization due to each protein. The 
grid box was fixed into center_ x = 31.1276, center_ y = 
-0.0207, center_ z = 26.3320 and dimension_ x = 81.9806, 
dimension_ y = -63.7440, dimension_ z = 59.5978 for 
3APD. For 1GNG, the grid box was set into center_ x = 
108.3264, center_ y = 55.8664, center_ z = 35.0965 and 
dimension_ x = 36.7377, dimension_ y = 30.3748, dimen-
sion_ z = 34.9006. And the box was selected into center_ 
x = 21.7185, center_ y = 14.4762, center_ z = 9.7653 and 
dimension_ x = 40.8121, dimension_ y = 38.0033, dimen-
sion_ z = 49.1876 for 1UNQ. PyRx has accessibility to 
Auto-dock Vina to perform docking [33]. After the dock-
ing is finished, the significant conformation for the se-
lected compound was saved as a pdb file for each protein-
ligand binding. During selection, the binding energy for 
each conformation was determined, and the conformation 

Figure 3. Z-score graphs for identified proteins, including GSK-3β (A), PKB (B), and PI3K (C).
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Figure 4. Hydrophobicity graphs for GSK-3β (A), PKB (B), and PI3K (C).
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of a ligand with the lowest binding energy was selected 
[34]. Finally, the proteins and ligands were entered into 
the Discovery Studio tool for further analysis [35]. 

ADMET analysis

To understand the pharmacokinetics, such as absorption, 
distribution, metabolism, excretion, and toxicity of a drug, 
computer-based tools are used worldwide. The ADMET 
properties are strictly followed to verify the drug likeness 
properties for finding new drugs [36]. Compounds need 
to follow Lipinski’s rules to be a drug. However, it is not 
necessary to follow Lipinski’s rules. Some compounds 

may not follow these rules and still be effective drugs, 
such as natural products [37]. The tool named pkCSM 
(https://biosig.lab.uq.edu.au/pkcsm/prediction, accessed 
on October 4, 2024) was used to analyze the ADMET 
properties. Table 1 shows the ADMET analyses and drug-
like prediction of property for this significant chemical.

Results

Protein-to-ligand binding 

First, Table 2 shows the binding energy of CoQ10 with 
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Property Model name Predicted value Unit

Absorption Water solubility -3.255 Numeric (log mol/L)

Absorption Caco-2 permeability 1.296 Numeric (log Papp in 10-6 cm/s)

Absorption Intestinal absorption (Human) 91.871 Numeric (% Absorbed)

Absorption Skin permeability -2.735 Numeric (log Kp)

Absorption P-glycoprotein substrate No Categorical (Yes/No)

Absorption P-glycoprotein I inhibitor No Categorical (Yes/No)

Absorption P-glycoprotein II inhibitor Yes Categorical (Yes/No)

Distribution VDss (Human) -0.974 Numeric (log L/kg)

Distribution Fraction unbound (Human) 0.146 Numeric (Fu)

Distribution BBB permeability -0.961 Numeric (log BB)

Distribution CNS permeability -1.176 Numeric (log PS)

Metabolism CYP2D6 substrate No Categorical (Yes/No)

Metabolism CYP3A4 substrate Yes Categorical (Yes/No)

Metabolism CYP1A2 inhibitor No Categorical (Yes/No)

Metabolism CYP2C19 inhibitor No Categorical (Yes/No)

Metabolism CYP2C9 inhibitor No Categorical (Yes/No)

Metabolism CYP2D6 inhibitor No Categorical (Yes/No)

Metabolism CYP3A4 inhibitor No Categorical (Yes/No)

Excretion Total clearance 1.345 Numeric (log mL/min/kg)

Excretion Renal OCT2 substrate No Categorical (Yes/No)

Toxicity AMES toxicity No Categorical (Yes/No)

Toxicity Max. tolerated dose (Human) 0.225 Numeric (log mg/kg/day)

Toxicity hERG I inhibitor No Categorical (Yes/No)

Toxicity hERG II inhibitor No Categorical (Yes/No)

Toxicity Oral rat acute toxicity (LD50) 2.344 Numeric (mol/kg)

Toxicity Oral rat chronic toxicity (LOAEL) 3.667 Numeric (log mg/kg_ bw/day)

Toxicity Hepatotoxicity No Categorical (Yes/No)

Toxicity Skin sensitization No Categorical (Yes/No)

Toxicity T. Pyriformis toxicity 0.285 Numeric (log μg/L)

Toxicity Minnow toxicity -9.793 Numeric (log mM)

Table 1. Detailed ADMET screening for docking compound.

SN Protein name PDB ID Chain Mutation Structure weight Binding energy
Coenzyme Q10

1 GSK-3β 1GNG B No 95.85 k DA -7.2 kcal/mol

2 PKB 1UNQ A No 15.3 k DA -4.6 kcal/mol

3 PI3K 3APD A No 111.02 k DA -6.4 kcal/mol

Table 2. Baseline characteristics of the data.
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GSK-3β, which is -7.2 kcal/mol. The binding structure is 
shown more clearly in Figure 5. Figure 5A shows the 3D 
binding structure and Figure 5B presents the 2D diagram. 
In Figure 5B, we can observe that CoQ10 developed con-
nections with seven amino acids of 1GNG, including 
ARG220, TYR221, LYS85, GLN185, LEU132, VAL70, 
and ALA83. There are four pi-alkyl bonds, two alkyl 
bonds, and one carbon-hydrogen bond present between 
the interactions of CoQ10 with GSK-3β (Figure 5B).  
Furthermore, Table 2 represents the binding affinity of 
CoQ10 with PKB, which is -4.6 kcal/mol. We can visual-
ize their binding site in Figure 6. Figure 6A reveals the 
3D binding structure between PKB and CoQ10. Figure 
6B indicates the 2D structure. GLN79, TRP80, ASN54, 
LEU78, THR34, SER56, ASP32, GLY33, LEU110, 
ALA58, GLU114, and GLN113 are the amino acids with 
which the compound in Figure 6B interacts. Van der waals 
bonds, carbon-hydrogen bonds, alkyl, and pi-alkyl bonds 
are also visible in this figure.  
Moreover, Table 2 exhibits the binding validity of CoQ10 
with PI3K, which is -6.4 kcal/mol. Figure 7 provides the 
3D configuration (Figure 7A) and 2D arrangement (Figure 
7B) of PI3K with the chosen compound. In Figure 7B, it 
is noticeable that CoQ10 (compound) has developed the 
connections between the amino acids including, LEU823, 
TRP292, ARG277, HIS 295, ASP788, PRO866, and 
LEU865 of 3APD (protein). One conventional hydrogen 
bond, carbon-hydrogen bonds, alkyl, and pi-alkyl bonds 
are also observable in this figure.  

Ramachandran plot analysis

The Ramachandran plot is the graphical representation 
that indicates the phi (φ) and psi (ψ) angles of the amino 
acids in a protein [38]. The x-axis exhibits the phi angle 
and the y-axis shows the psi angle [39]. The graph indi-
cates distinctive regions where various phi and psi combi-

nations are available. The important regions are the left-
handed alpha helix, the right-handed alpha helix, and the 
beta sheet.
In Figure 8, it is noticeable that amino acid residues of all 
proteins are heavily represented in the favorable regions. 
Besides, some residues exist outside of this region. Ac-
cording to Figure 8B, amnio acids (green colored) are 
clustered in the favorable regions (red colored), which 
means that most of the residues are in stable conforma-
tions, and glycine residues (purple colored) show more 
flexibility. Again, Figure 8A and 8C exhibit that most 
of the residues are energetically present in the favorable 
regions, which indicate the stable conformation of these 
proteins, and glycine residues represent flexibility. 

ADMET analysis for CoQ10

Absorption

According to Table 1:
1. Water solubility: This indicates the compound's solubil-
ity in water. The negative number indicates low solubility, 
which may affect its bioavailability when taken orally [40].
2. Caco-2 permeability: Finds out the rate at which a 
substance can enter the Caco-2 cell monolayer. The value 
greater than 1.0 is considered to have good permeability, 
which means the substance can be properly absorbed 
through the gut [41].
3. Intestinal absorption (human): This value indicates the 
percentage of a compound that is absorbed by the intes-
tine. The high value means excellent absorption and is 
perfect for oral drugs [42].
4. Skin permeability: Displays the ability of that com-
pound to enter into skin. More negative value means low 
skin permeability, but might be ideal for other routes [43].   
5. P-glycoprotein substrate: indicates that the compound 
is not an activator for P-glycoprotein. As a result, this pro-

Figure 5. 3D (A) and 2D (B) structures of coenzyme Q10 binding with GSK-3β.
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tein cannot pump drugs to cells [44]. 
6. P-glycoprotein I inhibitor: The compound does not 
inhibit P-glycoprotein I, which shows that it will reduce 
drug-drug interaction [45].  
7. P-glycoprotein II inhibitor: But inhibits P-glycoprotein 
II.

Distribution

Based on Table 1:
1. VDss (human): The Volume of distribution at steady 
state (VDss) exhibits how quickly a compound distributes 
throughout the body. The negative result states low dis-
tribution, suggesting that the drug stays in the plasma of 
blood [46].
2. Fraction unbound (human): Displays the fraction of 
the drug that is unbound and free for interaction with the 
target site. The lower value represents the higher binding 
with plasma protein [47].
3. BBB permeability: Shows the ability of a compound to 
cross the Blood-Brain-Barrier. The negative value repre-
sents low BBB permeability [48].
4. CNS permeability: This value helps to identify a com-
pound’s capability to enter into CNS tissues. Negative 
result is showing poor CNS activation [49].

Metabolism

As mentioned by Table 1:
1. CYP2D6 substrate: This result indicates that the com-
pound cannot be broken down by the cytochrome P450 
2D6 enzyme, which limits the possibility of certain meta-
bolic interactions [50].
2. CYP3A4 substrate: The compound presents that it can 
be metabolized by CYP3A4 enzyme. It is a very impor-
tant enzyme for drug metabolism [51].
3. CYP1A2 inhibitor: The compound shows that it does 
not create disturbance with the CYP1A2 enzyme.

4. CYP2C19 inhibitor: The identified substance is not an 
inhibitor for CYP2C19, which means it minimizes the 
drug-drug interactions [52]. 
5. CYP2C9 inhibitor: The compound indicates that it does 
not interfere in the metabolism of drugs that are processed 
by the CYP2C9 enzyme. 
6. CYP2D6 inhibitor: Shows no inhabitation, which 
means decreases the risk of drug-drug connections.
7. CYP3A4 inhibitor: The compound does not inhibit 
CYP3A4.

Excretion

From the point of view of Table 1:
1. Total clearance: The total clearance value exhibits that 
the compound has a moderate clearance rate.
2. Renal OCT2 substrate: The result represents that the 
compound is not a substrate for renal organic cation 
transporter 2. As a result, the compound won’t be affected 
while transporting through that pathway [53].

Toxicity

According to Table 1:
1. AMES toxicity: The compound has no AMES toxicity, 
which means it is not mutagenic and will not cause any 
genetic mutations [54]. 
2. Max. tolerated dose (human): 0.225 log mg/kg/day is 
the max dose of that substance for humans. This is the 
safe and helpful dose level according to the substance [55].
3. hERG I and II inhibitor: It does not inhibit hERG chan-
nels and decrease cardiac toxicity risk [56].
4. Oral rat acute toxicity (LD50): 2.344 mol/kg is the 
compound’s acute toxicity level [57].
5. Oral rat chronic toxicity (LOAEL): 3.667 log mg/kg_
bw/day is the level when the compound can create chronic 
toxicity [58]. 
6. Hepatotoxicity: It has no hepatotoxicity which results 

Figure 6. 3D (A) and 2D (B) structures of coenzyme Q10 binding with PKB.
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in no toxicity in the liver and ensures the overall safety 
[59].
7. Skin sensitization: The compound has no skin sensitiza-
tion, which indicates it will not create an allergic reaction 
in the skin [60].
8. T. pyriformis toxicity: 0.285 log μg/L shows that the 
compound can cause a low toxicity to T. pyriformis [61].
9. Minnow toxicity: The value is negative, which means 
low toxicity to fish [62].

Discussion

The present investigation focuses on the therapeutic prop-
erties of CoQ10 to find the possibilities to eradicate AD, 
based on molecular docking and ADMET analysis. The 
results provide significant information about the connec-
tion between CoQ10 and the proteins that are involved in 
oxidative stress and brain inflammasome [63]. These are 
the pathways that enhance AD. The molecular docking 
results exposed links between CoQ10 and the target pro-
teins: GSK-3β, PKB, and PI3K.
CoQ10 shows the highest binding affinity with GSK-3β, 
which is -7.2 kcal/mol, and has developed connections 
with seven amino acids, including ARG220, TYR221, 
and LYS85. This strong interaction presents that CoQ10 
can affect GSK-3β activity, which is crucial for tau pro-
tein phosphorylation. Furthermore, the binding affinity of 
CoQ10 with PI3K is -6.4 kcal/mol with the interactions 
between the compound and amino acids such as LEU823, 
TRP292, and ARG277. These interactions with PI3K are 
involved in the PI3K/Akt signaling pathway, which plays 
a significant role in neuroprotection and cell survival. Ad-
ditionally, CoQ10 exhibits the lower binding affinity with 
PKB, which is -4.6 kcal/mol, and the compound forms 

connections with various amino acids, including GLN79, 
TRP80, and ASN54. These interactions may contribute to 
the PI3K/Akt pathway, potentially increasing the neuro-
protective effects. Based on previous studies, these mo-
lecular interactions represent the mechanistic basis for the 
CoQ10 effects on antioxidant and neuroprotection [13-15]. 
The capability of CoQ10 to interact with these proteins 
highlights the compound’s possibility in reducing oxida-
tive stress and brain inflammation [64].
The ADMET analysis of CoQ10 revealed several favor-
able pharmacokinetic and toxicological properties [65]: 
1. Absorption: CoQ10 expresses high intestinal absorption 
(91.871%) and good Caco-2 permeability (1.296), indicat-
ing excellent oral bioavailability. But it has low water sol-
ubility (-3.255 log mol/L), which may create challenges 
for formulation and delivery [40-42].
2. Distribution: The negative BBB permeability (-0.961) 
and CNS permeability (1.176) results present limited en-
trance into the central nervous system. This is a limitation 
for treating neurological disorders like AD [46-48].
3. Metabolism: CoQ10 is a substrate for CYP3A4 but not 
for CYP2D6. Further, it does not inhibit major CYP en-
zymes. These properties show the lower risk of drug-drug 
interactions. It is valuable for a patient who takes multiple 
drugs at a time [66].
4. Excretion: The compound showed a medium clearance 
rate, which is 1.345 log mL/min/kg, which indicates a bal-
anced elimination profile.
5. Toxicity: CoQ10 published a favorable toxicity profile 
with no AMES toxicity, hepatotoxicity, or skin sensiti-
zation. It also showed no inhibition of hERG channels, 
which reduces the risk of cardiotoxicity. The maximum 
tolerated dose and chronic toxicity levels mean that it is 
safe for human use [54-56].
These ADMET properties establish the safety profile for 

Figure 7. 3D (A) and 2D (B) structure of coenzyme Q10 binding with PI3K.
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CoQ10 in clinical use and support its potential for long-
term use in chronic conditions like AD.
The proper binding affinities between CoQ10 and the key 
proteins involved in AD pathology and its positive AD-
MET result encourage further investigation on CoQ10 for 
its potential therapeutic properties for treating AD. The in-
teractions with GSK-3β show a better result that indicates 
CoQ10 may help in reducing tau protein phosphorylation, 
a hallmark of AD [19].
However, the poor BBB permeability of CoQ10 presents 
a significant challenge that needs to be focused on. Future 
research should place importance on developing the de-
livery systems and chemical modifications to enhance the 
CNS penetration of CoQ10 to increase its beneficial prop-
erties.

Additionally, this in silico study provides valuable data 
[67]. This information needs to be identified through in 
vitro and in vivo experiments. More studies are needed 
to find out the impacts of CoQ10 on tau phosphorylation, 
amyloid-β plaque formation, and neuroinflammation.

Conclusions

This study demonstrates the therapeutic potential of 
CoQ10 in mitigating key pathological mechanisms associ-
ated with AD, such as oxidative stress and neuroinflam-
mation. Molecular docking results revealed strong inter-
actions between CoQ10 and GSK-3β, PKB, and PI3K, 
suggesting that CoQ10 may reduce tau phosphorylation 

Figure 8. 3D (A) and 2D (B) structure of coenzyme Q10 binding with PI3K.
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and enhance neuroprotection via the PI3K/Akt signaling 
pathway. ADMET analysis confirmed CoQ10's favorable 
pharmacokinetic profile, including high intestinal absorp-
tion and low toxicity, though its limited blood-brain bar-
rier permeability remains a challenge for treating central 
nervous system disorders like AD. 
Overall, this in silico investigation supports CoQ10 as a 
promising candidate for therapeutic development in AD. 
However, further experimental studies, including in vitro 
and in vivo models, are required to validate its efficacy 
in reducing amyloid-β plaques, tau tangles, and overall 
disease progression. Future research should also explore 
strategies to enhance CoQ10 delivery to the brain for 
more effective treatment outcomes.
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