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Abstract: Multiple sclerosis (MS) is a chronic autoimmune disorder of the central nervous system characterized 
by demyelination, inflammation, and progressive neurodegeneration. Cannabinoid receptor 1 (CB1) plays a role in 
neuroprotection and modulation of inflammatory responses, making it a potential therapeutic target in MS. This 
study evaluated selected natural compounds as CB1 modulators using an integrated computational approach. 
Compounds were screened based on ADMET properties, followed by molecular docking and 100 ns molecular 
dynamics simulations. Berberine and curcumin demonstrated binding affinities of -7.9 kcal/mol and -9.4 kcal/
mol, respectively. Key binding interactions involved residues VAL137, LEU404, PHE408, ARG405, and ARG409 for 
berberine, and MET363, LEU193, LEU359, TRP356, PHE189, PHE177, HIS178, PHE174, PHE379, ALA380, and 
SER383 for curcumin. Stability analyzes including RMSD, RMSF, secondary structure elements, and protein-ligand 
contacts, indicated stable complex formation. These findings suggest that berberine and curcumin may serve as 
potential lead candidates targeting CB1 and warrant further experimental validation in multiple sclerosis research.

Keywords: Multiple sclerosis, cannabinoid receptor 1 (CB1), molecular docking, molecular dynamics simulations, 
berberine, curcumin, ADMET analysis, neuroinflammation

Introduction

Multiple sclerosis is a neurological disease of 
the central nervous system. As it remains for a 
longer time period, termed a chronic neurologi-
cal inflammatory disease [1]. It affects one out 
of thousands of individuals. In the US, the 
majority of patients affected by multiple sclero-
sis need assistance while walking within fifteen 
years of disease progression. Multiple sclerosis 
affects more than 2.5 million people worldwide. 
Women ratio is higher than men, and usually 
adults are affected by multiple sclerosis [2]. 
The main cause of MS is still unknown, but 
genetic and non-genetic factors such as  
environmental effects, viruses, sunshine, and 
metabolism result in an autoimmune attack on 
the central nervous system. EBV causes rapid 
B-cell growth and immortalizes them, and this 
conversion plays a role in the development of 
multiple sclerosis. A true EBV-negative person 
is protected from getting this neurodegenera-

tive disease [3]. Lower vitamin D intake and 
less outdoor activity can lead to the causal 
pathway of multiple sclerosis. People with low 
vitamin D were more likely to get this condition. 
HLA-DBR *15 serves as a binding site for the 
EBV virus; it may be identified by HLA genotyp-
ing, as it is commonly found in MS patients. 
More than 150 types of SNPs linked with 
Multiple Sclerosis liability. Commonly, it is 
observed that at the start of the disease, the 
patients will pass from the relapsing- remitting 
phase of multiple sclerosis [4]. In this phase, 
symptoms worsen (relapses), followed by recov-
ery (remission). This category is called the 
Relapsing-Remitting phase of Multiple Sclero- 
sis (RRMS). As the disease progressed, the con-
dition worsened without a relapse-remitting 
phase, called secondary progressive multiple 
sclerosis (SPMS). SPMS develop after 10 to 15 
years of RRMS [5]. The neurological functioning 
gets worse and occasionally causes a relapse-
remitting condition. With respect to the time 
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Figure 1. Crystal structure of cannabinoid receptor 1 
(CB1) (PDB ID: 7FEE) showing the receptor architec-
ture and ligand-binding region.

period, the symptoms start getting worse, and 
there is no relapse-remitting condition; this cat-
egory is called Primary Progressive Multiple 
Sclerosis (PPMS). Progressive-Relapsing Mul- 
tiple Sclerosis (PRMS) is the least common cat-
egory in which the relapse period starts at any 
point, but no period of remission [6].

The central nervous system comprises the 
brain and the spinal cord. Oligodendrocytes 
wrap multiple axons with a myelin membrane to 
sheath axons. Myelin helps in quick synaptic 
transmission and also gives metabolic support 
to axons. Demyelination slows down the trans-
mission of electrical impulses and causes neu-
rodegenerative diseases such as Multiple 
Sclerosis [7]. Multiple sclerosis is an autoim-
mune disease in which the immune system 
attacks the myelin sheath of myelinated axon 
nerve fibres, causing damage. Demyelination 
and oligodendrocyte destruction cause inflam-
mation. Initially, the axons remain undamaged, 
but the disease progression causes damage to 
the axons, which is irreversible and causes 
symptoms to worsen [8]. The continuous de- 
struction of the myelin sheath and inflamma-
tion play a role in disease progression. The 
strategy can be applied to treat MS, which 
could be the control of inflammation that 
causes myelinated axon damage in the central 
nervous system. Fingolimod (FTY720) was the 
first approved drug for the relapse-remitting 
Multiple Sclerosis. S1P isoforms S1P1, S1P3, 
S1P4, and S1P5 are the targets for this drug 
[9]. Cannabinoid receptors involved in pain 
relief and neuroprotection are considered help-
ful in MS treatment. Although CB1 involvement 
in MS and the pharmacological properties of 
berberine and curcumin have been reported 
independently, a systematic computational in- 
vestigation of their binding behaviour, stability 

profiles, and interaction dynamics with the 
high-resolution CB1 crystal structure (PDB ID: 
7FEE) has not been conducted [10]. The pres-
ent study provides a side-by-side comparison 
of these phytochemicals using molecular dock-
ing and long-term molecular dynamics, high-
lighting specific binding residues, interaction 
persistence, and structural stability within the 
CB1 active site (Figure 1). This comparative 
structural insight may contribute to rational 
lead optimization strategies targeting CB1-
mediated neuroinflammation.

Cannabinoid receptor 1 comprises only chain 
“A”, having seven different ligands that attach 
to it. Cannabinoid receptor 1 is a G-protein-
coupled receptor for endocannabinoids. The 
cannabinoid receptors were discovered from 
1992 to 1995 [11]. The cannabinoid receptors 
are located in the hippocampus and also in 
many peripheral tissues. The specific signalling 
events activate the cannabinoid receptors. It is 
involved in regulating the learning process and 
memory functioning. It is also involved in regu-
lating pain perception and inflammation [12]. 
Endocannabinoids attach to the CB1 receptor 
to relief chronic pain and make the cell response 
to inflammation. It has a variety of applications 
in psychiatric conditions, like mood regulation 
and regulating anxiety levels [13]. Abnormal 
cannabinoid receptors are involved in different 
diseases, including tumors formation, diabe-
tes, and obesity. It is also involved in autoim-
mune diseases, including Multiple sclerosis, 
inflammatory conditions, and rheumatoid ar- 
thritis [14].

Materials and methods

Data retrieval and preparation

The crystal structure of cannabinoid receptor 1 
has been retrieved from the RCSB Protein Data 
Bank (PDB) (https://www.rcsb.org/search) and 
has PDB ID 7FEE [15]. It is classified as a mem-
brane protein determined through the X-ray dif-
fraction method, with a resolution of 2.70 Å. 
Cannabinoid receptor 1 consists of a single 
chain A. For accomplishing the task, the target 
protein was visualized in the PyMol software. 
PyMol is a graphical application used to ani-
mate, visualize and analyze the biomolecules. 
The 3D visualization of proteins, DNA, RNA, and 
other small biomolecules provide deep insight 
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into their morphology. PyMol it was used to 
remove water molecules and small compounds. 
The energy minimization of the receptor was 
done with the aid of the Swiss PDB viewer soft-
ware. The 3D structures of ligands, including 
Berberine, Quercetin, Curcumin, and Resvera- 
trol, was retrieved from the PubChem database 
(https://pubchem.ncbi.nlm.nih.gov/). These li- 
gands are natural compounds, as natural com-
pounds gain popularity in the treatment of a 
variety of diseases due to their effective results.

Pharmacokinetics properties prediction

Pharmacokinetics assessment of considering 
drugs is an essential process to ensure the 
safety and efficiency. In silico approaches pro-
vide the facility to validate whether the com-
pounds can become a potential and safe drug 
for living organisms. The assessment of drug 
reliability in labs by applying different methods 
is very costly and time-consuming, but the in 
silico approaches provide the facility to reduce 
cost and resources by screening a huge num-
ber of compounds virtually. After the predic-
tions, the selected compounds are being test-
ed in labs to validate their safety and efficiency. 
Pharmacokinetics properties prediction reveal 
the information about the intestinal absorption, 
distribution, blood-brain barrier, CaCo2 perme-
ability, toxicity, and various physicochemical 
properties of compounds [16-18]. A variety  
of software is available for ADMET analysis. 
PkCSM (https://biosig.lab.uq.edu.au/pkcsm) is 
a reliable software, and it is publicly available 
for researchers. To accomplish the determined 
goal pkCSM [19]. It is utilized to predict the 
pharmacokinetic properties. The compounds 
have been eliminated and selected based on 
the results.

Toxicity analysis

ADMET properties play an essential role in the 
development of drugs, consumer products, 
food additives, and chemicals. Toxicity is a 
major perspective of the failure of drugs during 
trials. Toxicity evaluation is a significant step  
in drug development. Absorption, Distribution, 
Metabolism, Excretion and toxicity character-
ization, Human intestinal absorption, blood-
brain barrier, skin sensitization, hepatotoxicity, 
aqueous solubility, AMES toxicity, oral rat acute 
toxicity, oral rat chronic toxicity, drug likeness, 
mutagenicity, tumorigenicity, irritant and repro-
ductive effects were calculated with the aid of 

reliable software, including PkCSM and data 
worrier.

Molecular docking analyzes

Molecular docking is a technique to analyze the 
interaction, binding affinity, and binding pose 
between two biomolecules, which leads to the 
formation of a stable complex [20]. PyRx soft-
ware based on auto dock vina was utilized to 
dock determined natural compounds against 
receptor [21]. During this process the default 
parameters of software. All the ligands go 
through the process of energy minimization 
and charges got applied. The molecular dock-
ing was performed by maximizing the grid on 
the receptor. The docking results show the 
binding affinity between ligands and the recep-
tor. The interactive residue analysis was done 
by using UCSF chimera software.

Molecular dynamics simulations

Molecular dynamics simulations are a modern 
technique to observe the behavior of biomole-
cules in or atoms virtually [22]. It is used to 
study biophysical systems by applying specified 
pressure and temperature to a specified area. 
After molecular docking, the compounds show-
ing the best binding affinity are simulated using 
the Desmond package available in the Sc- 
hrödinger suite [23]. The simulation was run for 
100 ns. TIP3P solvent mode selected, and the 
orthorhombic shape of the box specified with 
minimal volume for the sake of centralized the 
protein within the bar. The system neutralizes 
by adding ions with the default parameter of 
the Desmond package. The OPLS5e force field 
was chosen, and 1 atm pressure and 300K 
temperature were utilized [24]. The results of 
RMSD, RMSF, SSE, and LP contacts were gen-
erated and observed by graphical trajectories. 
All simulation-derived parameters, including 
RMSD and RMSF were analyzed using Desmond 
trajectory analysis tools. Stability was evaluat-
ed based on the consistency of plateau forma-
tion and fluctuation range over 100 ns. 
Descriptive statistical evaluation of trajectory 
averages was performed; no inferential statisti-
cal tests were applied as the study is computa-
tional in nature.

Statistical analysis

All computational data generated from ADMET 
prediction, molecular docking, and molecular 
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dynamics simulations were analyzed using 
descriptive statistical approaches. ADMET and 
toxicity parameters obtained from pkCSM were 
tabulated and compared among the selected 
phytochemicals to evaluate drug-likeness, ab- 
sorption, distribution, toxicity risk, and pharma-
cokinetic suitability. Molecular docking results 
were assessed based on binding affinity values 
expressed in kcal/mol, where lower binding 
energy indicated stronger predicted ligand-
receptor interaction. The docking poses and 
interacting amino acid residues were further 
examined qualitatively using UCSF Chimera. 
For molecular dynamics simulations, trajectory-
based analyses were performed over a 100  
ns simulation period using the Desmond simu-
lation interaction analysis tools. Root mean 
square deviation (RMSD) was used to evaluate 
the structural stability and equilibration behav-
ior of the protein-ligand complexes throughout 
the simulation. Root mean square fluctuation 
(RMSF) was analyzed to determine residue-
wise flexibility and local conformational fluctua-
tions. Secondary structure element analysis 
was performed to assess the stability of α- 
helices and β-strands during the simulation 
period. Protein-ligand contact analysis was 
used to evaluate the type, duration, and persis-
tence of interactions, including hydrophobic 
interactions, hydrogen bonds, ionic interac-
tions, and water bridges. The simulation results 
were interpreted based on trajectory stability, 
fluctuation pattern, interaction persistence, 
and maintenance of secondary structure over 
time. Descriptive values such as average 
trends, fluctuation ranges, and percentage of 
interaction persistence were considered where 
applicable. No inferential statistical tests, such 
as t-tests or analysis of variance, were applied 
because the present study was entirely compu-

tational and did not include experimental bio-
logical replicates or independently repeated 
treatment groups. The results were therefore 
analyzed descriptively to support comparative 
interpretation of ligand binding stability and 
interaction behavior.

Result

Data retrieval

The aim of the current research is to virtually 
screen the potential compounds for the treat-
ment of multiple sclerosis. The screening 
involves designing, analyzing, and evaluating 
determined compounds to find the potential 
ones for the treatment. The 3D structure of the 
Cannabinoid receptor 1, with PDB ID 7FEE, was 
retrieved from the RCSB Protein Data Bank 
(Figure 2). Interestingly, seven different ligands 
were observed to be attached to the receptor 
protein. The ligand structures, including Ber- 
berine (CID: 2353), Resveratrol (CID_445154), 
and Quercetin (CID: 5280343), were retrieved 
from the PubChem database in SDF format.

ADMET analysis

Pharmacokinetic studies reveal information on 
the drug’s safety and efficacy. The failure of the 
drug to launch in the market is due to its ineffi-
ciency and safety issues. The Lipinski rule of 
five is the standard criterion for passing out of 
drugs. If the compounds do not pass the 
required level, then their absorption will be low 
in the intestine. All the important factors, 
including Absorption, Distribution, Metabolism, 
Excretion and toxicity characterization, Human 
intestinal absorption, blood-brain barrier, skin 
sensitization, hepatotoxicity, aqueous solubili-
ty, AMES toxicity, oral rat acute toxicity, oral rat 
chronic toxicity, drug likeness, mutagenicity, 
tumorigenecity, irritant and reproductive ef- 
fects related to safety and efficiency, were kept 
under consideration. The predicted ADMET and 
toxicity profiles of berberine and curcumin are 
summarized in Table 1.

Molecular docking analysis

Molecular docking was performed to evaluate 
the ligand-receptor binding affinity. The results 
show the binding interaction, binding energy, 
and binding pose of the ligand with the recep-
tor. The following results show the binding aff- 

Figure 2. Three-dimensional structure of cannabi-
noid receptor 1 (CB1), chain A (PDB ID: 7FEE), visual-
ized for structure preparation prior to docking and 
molecular dynamics simulations.
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inities of the respective ligands with cannabi-
noid receptor 1. The molecular docking scores 
of all screened compounds against cannabi-
noid receptor 1 (CB1) are presented in Table 2. 
Based on ADMET analysis and molecular dock-
ing, berberine and curcumin were identified as 
potential compounds that can ensure safety 
and efficiency.

The interaction between ligands and protein 
residues was observed with the aid of the UCSF 
Chimera tool. The specific compounds that 
show the best binding energy and pass the 
ADMET criteria were visualized in the tool to 
analyze the interactive residues (Figure 3). The 
interactive residues of protein with Berberine 
(CID_2353) are VAL137, LEU404, PHE408, 
ARG405, and ARG409. The interactive resi-
dues of protein with Curcumin (CID_969516) 
are MET363, LEU193, LEU359, TRP356, 
PHE189, PHE177, HIS178, PHE174, PHE379, 
ALA380, and SER383 (Figure 4).

Molecular dynamics simulations analysis

The graphical analysis shows the deviation and 
fluctuations of biomolecules over time. The 
molecular dynamics simulations reveal infor-

sis was done. The changes in the graph show 
the conformational changes of the protein and 
ligand over the simulation time period. At 30 
ns, the 7FEE-Berberine complex is stable; 
thereafter, it shows some fluctuations due to 
secondary structure, and at 40 ns it regains 
stability and exhibits interaction between the 
ligand and the protein. The complex of 7FEE- 
Berberine also remains approximately stable 
during the molecular dynamics simulation. 
7FEE- Berberine complex deviates initially but 
gains equilibrium till 50 ns (Figure 5). After 50 
ns, it deviates more and then becomes stable 
again until the end. The small deviation for 
small globular proteins is acceptable, but the 
larger changes show higher deviation.

RSMF analysis

The RMSF analysis of curcumin and Berberine 
is done to observe the fluctuation of protein. 
The peaks in the respective graph show the 
fluctuating area of protein during molecular 
dynamics simulations. The root-mean-square 
fluctuation was observed when the small mol-
ecules, including Berberine and curcumin, 
attached to the protein. The relative RMSD of 
ligand and protein shows that the ligands are 

Table 1. ADMET and toxicity analysis of compounds
Features Berberine Resveratrol Quercetin Curcumin
CID 2353 445154 5280343 969516
Molecular Weight 336.367 228.247 302.238 368.385
Rotatable Bonds 2 2 1 8
H-Bond Acceptors 4 3 7 6
H-Bond Donors 0 3 5 2
Intestinal Absorption (%) 97.147 90.935 77.207 82.19
BBB Permeability 0.198 -0.048 -1.098 -0.562
LogP 3.0963 2.9738 1.988 3.3699
cLogS -4.669 -2.864 -2.491 -3.622
Caco2 Permeability 1.734 1.17 -0.229 -0.093
Skin Sensitisation NO NO NO NO
Hepatotoxicity NO No No No
Ames Toxicity NO NO No No
Oral Rat Acute Toxicity 2.571 2.529 2.471 1.833
Oral Rat Chronic Toxicity 1.89 1.533 2.612 2.228
Druglikeness -2.2467 -1.6732 -0.0828 -4.7745
Mutagenic None High High None
Tumorigenic None None High None
Reproductive Effect None High None None
Irritant None None None None

mation about the protein’s 
equilibrium and the interaction 
between the protein and the 
ligand in the complex. For the 
purpose of analyzing the stabil-
ity of the protein, the molecular 
dynamics simulation and post-
docking analysis were done. 
The complex of 7FEE-Berber- 
ine and 7FEE-Curcumin was 
under consideration because 
it passed ADMET analysis and 
showed the lowest binding 
affinity in the molecular dock-
ing results.

RMSD analysis

The average motion of an  
atom from its initial location to 
a reference with respect to a 
time interval was calculated by 
Root Mean Square Deviation 
(RMSD). For the purpose of 
analyzing the stability of the 
protein complex, RSMD analy-
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Table 2. Representation of docking score with respect to the mentioned compound names
PubChem CID Compound name 3D structure Docking score (Kcal/mol)
CID_2353 Berberine -7.9

CID_445154 Resveratrol -8.5

CID_5280343 Quercetin -9.9

CID_969516 Curcumin -9.4

diffused in the binding pocket of the protein. 
The selected compound’s RMSF (Figure 6) 
peaks show the maximum fluctuations.

Secondary structure analysis

The percentage of secondary structure in the 
Cannabinoid receptor 1 is simulated through-
out the molecular dynamics simulation. The 
visualization depiction of secondary structures 
distribution throughout the structure com-
plexed with Berberine and Curcumin, respec-
tively (Figure 7). The total secondary structure 
of the protein is 53.57%. Alpha helices com-
prise 48.04% and beta strands comprise 
5.53% of the protein structure complexed with 
Berberine. The total secondary structure of the 
protein is 54.24%. Alpha helices comprise 
48.53% and beta strands comprise 5.72% of 
the protein structure complexed with Curcumin. 
Secondary structure analysis is necessary to 
visualize the protein secondary structure con-
formation and protein contacts during the sim-
ulation process.

Protein ligand contacts

The interaction between cannabinoid receptor 
1 and berberine, analyzed with the help of a 
Protein ligand contacts plot, is shown in Figure 
8A. The analysis shows the interaction types, 
including hydrogen bonds, hydrophobic interac-

tions, ionic interactions, and water bridges. The 
unique interaction was maintained throughout 
the simulation. The interactive residues of pro-
tein with berberine are shown in Figure 8A. The 
graph shows that PHE_408 exhibits stable 
hydrophobic interactions throughout the simu-
lation period. LEU-399 shows the hydrophobic 
interaction initially, but after sometime the 
interaction changed into water bridges (Figure 
8A).

The interactive residues of protein with curcum-
in are shown in Figure 8A. PHE-170, PHE-174, 
VAL-196, PHE-268, TRP-356, LEU-359, and 
PHE-379 exhibit stable hydrophobic interac-
tions over a relatively long period. The remain-
ing residue interaction remained stable for 
some time but exhibited changes over the peri-
od, as shown in Figure 8B.

Discussion

Multiple sclerosis is a serious health concern; it 
is observed that MS is more common in young 
adults. Multiple sclerosis is a neurodegenera-
tive autoimmune disease in which the body 
attacks itself. The myelin sheath of myelinated 
axons was damaged, and synaptic transmis-
sion was affected severely. It can be due to 
genetic issues or environmental factors [25].  
If the disease progresses, the continuous dete-
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Figure 3. Binding pose of berberine within the CB1 active site (PDB ID: 
7FEE) showing key interacting residues visualized in UCSF Chimera.

Figure 4. Cannabinoid Receptor 1 complexed with curcumin. The image 
shows the receptor’s interactive residues with curcumin.

rioration of the neurological system causes 
severe symptoms. Multiple therapies are avail-
able to control the disease at different levels, 
but it is still arduous to control. Multiple sclero-
sis can cause fatigue, depression, anxiety, loss 
of vision, numbness, and muscle stiffness [32]. 
Multiple therapeutic approaches aid in treating 
it by reducing inflammation, providing neuro-
protection, and reducing pain [26]. Cannabinoid 
receptors are present in the central nervous 
system. CB1 signaling in multiple sclerosis is 
complex and context-dependent. While CB1 
activation may reduce neuroinflammation and 
pain perception, excessive modulation can 
influence cognitive function, mood regulation, 
and central nervous system excitability. There- 
fore, therapeutic targeting of CB1 requires 
careful consideration of receptor distribution, 
downstream signaling bias, and potential off-
target neurological effects [27]. Endocanna- 
binoids bind to receptors and play various roles, 
including pain reduction.

A pharmacokinetics assess-
ment was conducted to ensure 
health safety [33]. The Lipinski 
rule of five stated the criteria 
that the Molecular weight of a 
compound should be <500 g/
mol, the rotatable bond should 
be greater than 10, the hydro-
gen bond donor should be less 
than five, the hydrogen bond 
acceptor should be greater 
than five, and the compounds 
with those characteristics will 
be acceptable for oral adminis-
tration [20]. LogS value of the 
specific compound determines 
its solubility within the body 
[20]. LogP value related to the 
absorption of the drug [20]. 
The ability of compounds to 
harm a living organism’s body 
is referred to as toxicity [34]. 
Each type of toxicity determi-
nation is necessary, depend- 
ing on the treatment of its 
affected sites within the body. 
Mutagenicity, tumorigenicity, 
irritating effects, reproductive 
effects, AMES toxicity, oral rat 
chronic toxicity, oral rat acute 

toxicity, skin sensitivity, and hepatotoxicity were 
determined [34]. There are two compounds, 
Berberine (CID_2353) and Curcumin (CID_ 
969516), that could become valuable drugs 
after wet-lab analysis.

Understanding the mechanism of interaction 
between two molecules was a big challenge, 
but now the molecular dynamics simulation is a 
promising approach for observing the behavior 
of proteins, ligands, and other biomolecules 
[28]. It is used to analyze the stability of a pro-
tein in a real-time environment when interact-
ing with ligands. It gives large amounts of data 
to analyze behavior of atoms [29]. The graphi-
cal representation and trajectories make it 
easy to understand equilibrium, secondary 
structure elements, interactions, and more. 
The present work is designed as a hypothesis-
generating computational investigation. Exper- 
imental validation, such as receptor binding 
assays, cAMP signaling studies, or neuroinflam-
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Figure 5. A: RMSD analysis of 7FEE-Berberine complex. B: RMSD analysis of 7FEE-Curcumin complex.

Figure 6. A: RMSF analysis of 7FEE-Berberine complex. B: RMSF analysis of 7FEE-Curcumin complex.

Figure 7. A: The SSE plot of cannabinoid receptor 1 complex with Berberine. 
B: The SSE plot of cannabinoid receptor 1 complex with Curcumin.

matory cell-based models, was beyond the 
scope of this study but will be necessary to  
confirm the predicted receptor interactions and 
biological relevance [30].

Berberine (CID_2353) and Curcumin (CID_ 
969516) complexed with Cannabinoid Recep- 
tor 1 were observed during the simulation time 
period. Both structures showed minor fluctua-
tions and deviations at different points, but 

remained stable over a longer 
time period in RMSD and RMSF 
analyzes. Secondary structu- 
res showed a maximum stabil-
ity behavior during 100 ns of 
molecular dynamics simula-
tions [31]. The protein-ligand 
contact analysis showed the 
strongest and most stable 
hydrophobic interaction bet- 
ween Berberine and the 7FEE 
protein. PHE-408 exhibited 
hydrophobic interactions and 
remained stable throughout 
the entire time period. The 

interaction between Cannabinoid receptor 1 
and Curcumin is determined by the many resi-
dues that contact the ligand. PHE-170, PHE-
174, VAL-196, PHE-268, TRP-356, LEU-359, 
and PHE-379 showed stable interactions over a 
longer period. Based on all necessary analy-
ses, including ADMET, Molecular Docking, 
residual interactions, and Molecular Dynamics 
Simulations, it is reported that the interaction 
of Cannabinoid Receptor 1 complexed with 
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Figure 8. A: The interaction analysis between 7FEE and Berberine. B: The interaction analysis between 7FEE and 
Curcumin.

Berberine and Cannabinoid Receptor 1 com-
plexed with Curcumin may be helpful for treat-
ment. Berberine and curcumin demonstrated 
promising computational binding stability and 
interaction persistence with CB1, suggesting 
their potential as lead scaffolds for further in 
vitro and in vivo investigations.

Conclusion

This study computationally evaluated selected 
natural compounds against CB1 using molecu-
lar docking, ADMET profiling, and molecular 
dynamics simulations. Berberine and curcumin 
exhibited stable binding conformations and 
acceptable pharmacokinetic predictions. How- 
ever, these findings are predictive in nature and 
require experimental validation to confirm 
receptor modulation, biological activity, and 
safety in relevant cellular and animal models.
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