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Abstract

In this work, molecular docking was performed to evaluate the anticancer activities of cannabidiol on various targeted
proteins. Interactions and significant binding energy prove that cannabidiol can be synthesized and tested as a potent
drug that treats all types of human cancer safely. The data obtained highlight the key amino acids involved in the
ligand/protein interactions and show that the designed cannabidiol-bound complexes exhibited the best confirmation
in the binding site. In addition, a DFT optimization of the geometry and orbital frontier analysis was performed to
describe the chemical reactivity of the studied molecule. A pharmacokinetic and bioavailability study in the body was
performed by ADMET proprieties. The results of the molecular docking indicate that cannabinol can tested as a potent
drug to treat human cancer, given its interactions and significant binding energy up to -8,6 kcal/mol with FAAH protein.
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1. Introduction
The medicinal use of Cannabis sativa has a long history dating back to ancient times in China because it
contains more than 100 different chemical compounds and represents a great academic and pharmaceutical
interest (Brand & Zhao, 2017; Clarke & Merlin, 2015). Cannabis sativa is considered the main source of
phytocannabinoids, and more than 100 different types of secondary metabolized active compounds are
known as tetrahydrocannabinol (THC) and cannabidiol (CBD) (Andradas et al., 2021). THC is known for its
psychoactive properties, while CBD is not psychoactive but has anti-tumor activity (Lichtor, 2015). Also, CBD
has antioxidant and anti-inflammatory properties (Atalay et al., 2020).

CBD's pharmacological effects are due to its ability to mimic endogenous cannabinoids
(endocannabinoids), which are mediated by specific cannabinoid receptors (Sharafi G et al., 2019). In addition,
CBD acts on multiple targets other than CB1/CB2, where it can bind to other transmembrane proteins, including
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the orphan G protein-coupled receptor 55 (GPR55), peroxisome proliferator-activated receptors (PPARs), and
transient receptor potential vanilloid channels (TRPV1/TRPV2) (Almeida & Devi, 2020) . Also, CBD induces
apoptosis by modulating numerous pro- and anti-apoptotic proteins and reducing tumor growth (Jeong, Yun,
et al., 2019). In addition to its ability to inhibit several cancer factors, including 5-HT1A, Becll, COX-2, DRS5,
EGF, FAAH, ICAM-1, NOS3, NOXA, PAI-1, RERK, and TIMP-1 (Seltzer et al., 2020, Kis et al., 2019).

The 5-HT1A receptor has been widely implicated in carcinogenesis and thus has been implicated in
many types of human tumors, including prostate, bladder, small cell lung, colon, and cholangiocarcinoma
(Corvino et al., 2018). 5-HT1A receptor antagonists have been shown to block the activities of 5HT, PI3K/AKT,
and MAPK but mediate pathways of JAK/STAT antitumor immune responses through various receptors (Ye et
al ., 2021). The Beclin-1 protein is essential for the induction of autophagy (Giatromanolaki et al ., 2018). CB1
and CB2 exert antitumor effect s by suppressing the NF-kB signaling pathway and increasing apoptotic cell
death (Khunluck et al., 2022). Overexpression of COX-2 increases angiogenesis, migration, invasiveness, and
tumor-induced immunosuppression and prevents apoptosis (Li et al., 2020), and DR5-target can induce
apoptosis (Hou et al.,, 2022). Epidermal growth factor receptor (EGFR) activity promotes tumor growth,
invasion, and metastasis. This justifies efforts to inhibit EGFR signaling (Muthusami et al., 2022). FAAH
inhibitors in several cancer cell lines inhibit growth and proliferation, reduce migration, and have invasion
properties (Brunetti et al., 2019). GPR55 is involved in oncogenic processes such as cell proliferation,
differentiation, migration, invasion, and metastasis, which are altered in some cancer cells. Overexpression or
high expression of GPR55 is correlated with cancer aggressiveness (Calvillo-Robledo et al., 2022). ICAM-1 can
promote metastasis, stimulate proliferation, angiogenesis, and invasion, and combat apoptosis in cancer cells
(Singh et al., 2021).

ICAM-1 expression downregulation can inhibit cell migration and invasion, and NOS3 is critical in
autophagic cell death induced by CBD production (Jeong, Kim, et al., 2019). Noxa is important in regulating
apoptosis in CBD-induced cells, induces cytotoxicity through inhibition of PAI-1 expression, decreases
proliferation, migration, and invasive potential of lung cancer cells, and suppresses angiogenesis and
metastasis formation (Jeong et al., 2019, Drozd et al., 2022).

PERK plays a vital role in the induction of apoptosis mediated by CBD (Fan & Jordan, 2022). It has been
reported that PPARG can promote cancer progression by maintaining redox balance and promoting cell
survival; blocking PPARG function leads to apoptosis (Liu et al., 2022). TIMP-1 activity is observed in various
tumor tissues as an important indicator of invasion and metastasis (He et al., 2018). TRPV1 reduces cell
growth and increases apoptosis, and TRPV2 expression increases cancer aggressiveness by promoting
migration (Hou et al., 2019, Marinelli et al., 2020).

All previous factors interacting with CBD could be a potentially useful therapeutic option to improve
chemosensitivity and cytotoxic effects on cancer cells and reduce cancer spread ,(Marinelli et al., 2020).
Previous studies have shown that CBD has a very complex mechanism of action as an anti-cancer agent
(Heider et al., 2022). However, despite a large number of in vivo and in vitro studies, there is still a need for
more research to prove that CBD is synthesized and tested as a powerful drug that safely treats different
types of human cancer (Massi et al., 2013). As shown in the Fig. 1, CBD has a very complex mechanism of
action as an anti-cancer agent that safely treats different types of human cancer.

The current study pinpoints the interaction of cannabidiol (CBD) with the receptors responsible for
anti-tumor action based on theoretical methods using the density function theory (DFT), molecular docking,
and in silico ADMET proprieties. The optimized geometries were achieved by DFT method. The reactivity
calculations predicted the interactions in the ligand-protein complex and their molecular boundary orbital
analysis sites, which helped obtain the best molecular docking results. ADME/toxicity study was conducted to
predict the bioavailability of cannabidiol.
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Fig. 1 Role of CBD among various cancer models (Kis et al., 2019)

2. Material and Methods

2.1 Density function theory (DFT) calculation

Gaussian 09 and GaussView 5 (Frisch et al., 2009) were used to calculate the optimal geometrical parameters
of the target molecules using the density functional theory (DFT) approach at the B3LYP/6-31G++ level with
Gaussian 09 and GaussView 5.

In this approach, the B3LYP functional, a hybrid functional combining the three-parameter Becke
exchange (B3) and Lee-Yang-Parr correlation (LYP) functions, was used to determine the properties of
cannabidiol and its electronic structure, based on 6-31G++ The molecules were imported into Gaussian 09 via
GaussView 5.

The software then performed energy optimization calculations, where atom positions were adjusted
to find the most stable configuration. These calculations provide geometrical information such as bond
lengths and indications of electronic properties, such as the most stable and least energetic configuration, the
energies of the frontier orbitals. The most occupied molecular orbital (HOMO) and the least occupied
molecular orbital (LUMO) - and other parameters generated from these two energies and the molecular
electrostatic potential (MESP).

2.2 Docking Molecular

2.2.1 Protein preparation

The cancer target proteins were downloaded in "pdb" format from the RCSB Protein Data Bank (PDB)
database (https://www.rcsb.org) and were visualized using BIOVIA Discovery Studio (Tabti et al., 2023). Then,
the protein was prepared and saved in PDBQT format in AutoDock workspace 4.2.6, in which polar hydrogen
atoms and Kollman and Gasteiger charges were added for the protein (Trott & Olson, 2010). Table 1 displays
the types of target studies, along with their corresponding PDB codes and the type of binding with the
molecule
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Table 1 Overview of proteins used

Receptor type Pdb ID Bound ligand
5-HT1A 7e2z Antagonist
Becll 3q8t Activator
CB1 5tgz Antagonist
CB2 2hff Inverse agonist
COX-2 1pxx Inhibitor
DR5 4i9x Against
EGF livo Agonist
FAAH 2wap Inhibitor
GPR55 4n6h Antagonist
ICAM-1 liam Activator
NOS3 1m7z Inhibitor
NOXA 3mqgp Activator
PAI-1 7aqf Inhibitor
PERK 4g31 Inducer
PPARyY Sycp Agonist
TIMP-1 1d2b Inhibitor
TRV1 719z Agonist
TRV2 6u8a Agonist

2.2.2 Ligands preparation

The DFT-optimized structure of cannabidiol (CBD) was imported and prepared in AutoDock workspace 4.2.6
for molecular docking simulation. Ligand preparation involves converting the ligand into the PDBQT format
specifically required by AutoDock for docking. This format contains crucial information such as the partial
charges and atom types required for accurate docking simulation

2.2.3 Visualization of protein-ligand interaction

The Autogrid algorithm in MGL Tools 1.5.6 was used to determine the potential size of the binding pocket
between the receptor and cannabidiol. By setting the parameters to 8 binding modes and a completeness of
8, grid maps were generated using a size of 40 A in all Cartesian directions. The binding pocket was defined
using XYZ coordinates. Computational docking was performed with AutoDockVina software, and the Biovia
Discovery Studio viewer was used to analyze docked conformations on the basis of established interactions
(Dassault Systemes BIOVIA, 2015).

Table 2 Overview of (XYZ) grid center coordinates used

Pdb ID X y z
7e2z 93.694 73.002 87.111
3g8t -59.211 -19.557 42.039
Stgz 43.637 27.469 318.530
2hff -11.690 21.446 9.996
1pxx 69.156 36.960 34.659
4i9x -4.491 12.415 48.441
1ivo 43.302 54.846 66.402
2wap -6.748 27.359 37.499
4n6h -5.910 69.366 70.805
liam 37.909 79.263 12.440
1m7z 5.2869 43.300 13.035
3magp 9.957 17.951 1.294
7aqf 34.166 9.525 23.511
4g31 -33.089 8.808 1.401
Sycp 35.1820 32.288 11.502
1d2b -11.129 1.782 2.940
7lqz 170.831 105.917 107.590
6u8a 160.968 142.496 172.069
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2.2.4 Physiochemical and pharmacokinetic evaluation

Prediction of the pharmacokinetic properties of cannabidiol is essential to determine the absorption,
distribution, metabolism, excretion, and Toxicity of the active candidates molecules currently being studied
for potential cancer treatment, and it was done using SwissADME (http://www.swissadme.ch/)

3. Results and Discussion

3.1 Optimized molecular geometry

Experimental information about the geometric properties of cannabidiol is insufficient in the literature.
Theoretical calculation of the geometrical parameters of cannabidiol before optimization by DFT methods
shows that cannabidiol has rings with an average C-C bond length of 1.550 A, while the average C=C bond
length is 1.386 A where the typical C=C bond length is 1.346 A and the typical distances between the C-C and
C-H atoms for the substituted methyl are 1.519 A and 1.110A, respectively. The H-C-H angle of the methyl
group is approximately 109°, and the alkene creates an angle with the neighboring carbon of about 123° of
sp3 hybrid carbon forms an angle of about 120° with the C-C-C in the aromatic ring .When comparing the
results in Table 3 with the CBD binding lengths before optimization by DFT, there is no difference.

Table 3 Calculated bond lengths of cannabinol molecule using DFT calculation
Bond lengths (A)

C1-Cé 1.384 C11-C12 1.531 C17-C18 1.528
C1-01 1.360 07-H28 1.012 C18-H44 1.111
C1-Cc2 1.386 08-H29 1.012 C18-H45 1.111
C2-C14 1.536 C12-H36 1.111 C18-C19 1.526
C2-C3 1.389 C12-H37 1.111  C19-H25 1.115
C3-08 1.360 C12-C13 1530 C19-C21 1.522

C3-C4 1.387 C13-H40 1.111 C21-C22 1.510
C4-H26 1.111 C13-H38 1.111 C21-C20 1.342

C4-C5 1.386 C13-H39 1.111  C20-H46 1.111
C5-Cé 1.386 C14-H24 1.114  C20-H47 1.111
C5-C9 1.519 C14-C19 1550 C22-H49 1.111

C9-H31 1.111 C14-C15 1.531 C22-H48 1.111
C9-H30 1.111 C15-C16 1.346 C22-H50 1.111
C9-C10 1.535 C15-H41 1.111 C23-H53 1.111
C10-H32 1.111 Cl1l6-C23 1.509 C23-H51 1.111
C10-H33 1.111 C16-C17 1.519 C23-H52 1.111
C10-H35 1.111 C17-H42 1.111

C11-H34 1111  C17-H43 1111 7

The cannabinol CBD molecule includes two rings; metabenzenediol and cyclohexene (Fig. 2). The chemical

activity of cannabidiol (CBD) could result from the attachment of the hydroxyl radical teams to the C-1 and C-3
atoms of the benzene. Similarly, the alkyl radical fixed to the C-16 atom of the cyclohexene and pentyl to the
C-5 atom of the aromatic ring can also contribute to the reactional activity of the molecule considered.

9
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Fig. 2 Optimized geometry of cannabidiol optimized at the DFT/B3LYP/6-311++G(d.p) level
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3.2 Frontier molecular orbital analysis HOMO-LUMO
HOMO and LUMO energies provide kinetic stability chemical analysis and band gap approximation (Fukui,
1982)

Table 4 Reports the values of the global molecular descriptors calculated for cannabidiol
E wmo) (€V)  Emomo) (€V) AE(eV) IP(eV) EA(eV) n (eVv) X (eV) w(eV) o(eVv)
0.012 -0.134 0.146 -0.012 0.134 0.073 0.060 0.0251 13.63

Equations (1-7) used to calculate the following quantum mechanical descriptors:
Electrophilicity index (w), Chemical softness (o) and hardness (n), Electronegativity (x), Electronic affinity (EA),
lonization potential (IP) (Adjissi et al., 2022).

1
Energy gap (AEgar (€V)) AE = Eiymo — Eromo (1) Chemical softness (eV) o= (5)
EA=-E 2
Electronic affinity (eV) Homo ) Electronegativity (eV) X = (IP+2—EA) (6)
lonization potential (eV IP=-E 3 2
P (V) HOMO ) Electrophilicity index w (eV) w= )2(_11 (7)
Chemical hardness (eV) n= % (4)

As shown in the Table 3 calculating the band gap energy E and the negative molecular chemical potential
value of the cannabidiol molecule confirms that the molecule has a stable structure. A higher nucleophilic
reactivity is indicated by the lower value of the electronic affinity and electrophilicity index (De Vleeschouwer
et al., 2007). The higher values of durability and lower values of softness confirm that the durability of the
molecule is higher and stability is one of the main characteristics of molecules that can be very reactive agents
in anti-cancer activity. The first feature found is that LUMO is located on the m and t* orbitals of the benzene

ring and HOMO is on the methyl group structure as shown in Fig. 3.

Fig. 3 HOMO (a) and LUMO (b) representation of CBD by DFT/ 631G method

3.3 Molecular Electrostatic Potential (MEP)
The interaction energy between the positive test charge of the molecular system and its charge distribution is
known as the molecular electrostatic potential (MEP). It provides essential details on the chemical stability
and reactivity of a semi-organic molecule allowing us to understand its electrophilic and nucleophilic
properties.

Fig. 4 shows a color scale from red (negative MEP) through white (neutral MEP) to blue (positive MEP).
Where blue regions indicate a vulnerable site for an electrostatic-type nucleophilic attack and red regions are
sites for an electrostatic-type electrophilic attack (Leboeuf et al., 1999).
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The negative electrostatic potential (region colored in red) was observed around the carbon atoms of the
phenolic ring of the oxygen atom group. And the positive electrostatic potential (region colored in blue) was
observed around the methyl group and the hydrogen atoms; this is due to the electronegative oxygen atom
attracting electrons from the hydrogen atoms.

4835e2 [N 0 T is3se

Fig. 4 Molecular electrostatic potential (MEP) surface of the cannabidiol (CBD) molecule

3.4 Molecular docking

3.4.1 Binding to 5-HT1A

Imidazole 5-HT1A showed an affinity of -7.4(kcal/mol) with CBD. As illustrated in Fig. 5(a) where hydroxyl
group formed a hydrogen bond with the oxygen of amino acids SER316 and MET188 with distances of 2.408A
and 2.253 A respectively. A pi-alkyl interaction between the carbon of the pentyl group and the Imidazole of
HIS213 at 5.467 A, while an alkyl, interaction was observed for cyclohexenyl group with ALA60 at 5.052 A.

3.4.2 Binding to Becl1

Fig. 5(c) shows the interaction between CBD and Becl1 with a binding affinity of -5.5 kcal/mol. The hydrogen
bond interaction were formed at the carbonyl group of amino acid ALA215 at 2.167 A . In contrast. a carbon-
hydrogen bond was formed between the oxygen of the hydroxyl group and the carbon of ARG219 at 3.692 A.
A pi-sigma bond was observed at 3.846 A between the benzene ring and the methyl group of ALA215. Six alkyl
interactions were found between the isopropyl group of ARG219 and cyclohexenyl group of CBD at 4.127 A
and cyclohexene at 4.925 A. And between the pentyl carbon and LEU220 (5.470 A), LYS212 (5.051 A), and
VAL213 (4.270 A).

3.4.3 Binding to CB1

The binding energy between CBD and CB1 is -6.5 (kcal/mol) due to hydrogen bonding interaction observed at
the hydroxyl group of cannabidiol with the oxygen of SER123 at 2.115 A and ten alkyl bonding between
cannabidiol and (MET103 at 4.976A), (MET103 at 4.384 A), (MET384 at 5.108 A), (ILE119 at 4.353 A ), (MET384
at 4.288 A), and Pi-Alkyl interaction with (PHE170 at 5.011 A), (PHE381 at 5.019 A), (ALA380 at 5.016 A),
(MET384 at 4.814 A) as illustrated in Fig. 5(e).
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Fig. 5 3D and 2D docked views of CBD with proteins 5-HT1A(b,a), Becl1 (d,c), and CB1(f,e)
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3.4.4 Binding to CB2

CBD shows binding with CB2 with a binding energy of -6.8 (kcal/mol) due to the binding affinity between CB2
and CBD is -6.8 (kcal/mol). The hydroxyl group of CBD forms hydrogen bonds with CB2 and the hydrogen of
the amine group of GLU212 at 2.351 A and the oxygen of PRO119 at 2.073 A. A Pi-Anion interaction at 2.073 A
between the benzene of CBD and PRO119. In addition, two alkyl bonds exist between (PRO118 at 4.152 A),
(ARG210 at 4.796 A), and the carbon of CBD. Two pi-alkyl interactions between the benzene of CBD and
ARG210 at 4.834 A and the benzene PHE208 with the carbon of the methyl group CBD at 4.927 A. And the Pi-
Donor Hydrogen Bond with GLY211 at 3.19439 A as illustrated in Fig. 6(a).

3.4.5 Binding to COX-2

The binding affinity of CBD with COX-2 is -8.0 (kcal/mol) due to three hydrogen interactions; two created by
oxygen from the hydroxyl group with (CYS1047 at 2.266 A) and (GLN1461 at 2.543 A) and one form by
hydrogen with oxygen from the amino acid (CYS1047 at 2.266 A). Also, CBD makes a pi bond with COX-2
according to the Pi-alkyl bond with (PRO1153 at 4.503 A) and alkyl interactions with the following amino acids
(CYS1159 at 4.580 A), (VAL1155 at 3.715 A), (LYS1468 at 4.800 A), (PRO1153 at 4.481 A), and (LEU1152 at
5.266 A) as illustrated in Fig. 6(c).

3.4.6 Binding to DR5

The binding affinity between DR5 and CBD is -8.2 (kcal/mol) because CBD makes one hydrogen bond THR68 at
2.222 A and the hydrogen of the hydroxyl group. Also, it makes four pi-alkyl bonds with (PHE157 at 4.905 A),
(TYR181 at 4.41 A), (TRP188 with two interactions at 5.056A and at 4.906 A) and (PRO52 at 4.895A), while four
alkyl bonds are formed with (PRO52 at 4.811 A), (ALA44 at 4.863A), (ALA44 at 3.602 A), (PRO52 at 4.696 A),
(LEU123 at 3.911 A). The Pi-Pi Stacked interaction has 4.740A between the benzene of CBD and that of TYR181
as illustrated in Fig. 6(e).

CB2

(a)

H-Bonds
Donor

Acceptor £

H-Bonds
Donor

Acceptor il
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Fig. 6 3D and 2D docked views of CBD with Proteins CB2 (b,a),COX-2(d,c), and DR5(f,e)

3.4.7 Binding to EGF

The binding affinity between EGF and CBD is with EGF of -7.5 (kcal/mol) because CBD makes hydrogen
bonding with (SER11 at 2.963A), (HIS409 at 2.241A), and (GLY9 at 1.99A. and five alkyl type interaction with
the following amino acids (LYS48 at 4.955A), (MET30 at 5.147A), (ILE38 at 5.055A), (MET30 at 4.302A), (LYS48
at 4.361 A). Also four pi-alkyl bond was formed (HIS409 at 4.681A), (TRP49 at 5.278A), (TRP49 at 4.470A),
(ILE38 at 4.971 A), Fig. 7(a).

3.4.8 Binding to FAAH

The binding affinity between FAAH and CBD is -8.6 (kcal/mol) because CBD makes one Pi-Pi T-shaped
interaction with (PHE432 at 5.305A), and four Alkyl interactions with (LEU404 at 5.141A), (VAL491 at 5.077A),
(LEU404 at 3.977A), (MET495 at 5.456 A). In addition, four Pi-Alkyl bond with (PHE432 at 4.977A), (PHE432 at
4.730 A), (TRP531 at 5.054A), (VAL491 at 4.380 A), Fig. 7(c).

3.4.9 Binding to GPR55

The binding affinity between GPR55 and CBD is -7.0 (kcal/mol) because CBD makes two hydrogen bond
(TYR308 at 2.031A), (ASP128 at 2.685A). One Pi-Sigma bond (ILE304 at 3.901A), two Alkyl bond with (ILE277 at
3.953A), and (ILE304 at 4.661A), and two Pi-Alkyl bond with (TRP274 at 4.784A), (HIS301 at 4.620 A) Fig. 7(e).
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Fig. 7 3D and 2D docked views of CBD with Proteins EGF(b,a), FAAH(d,c) and GPR55(f,e)

3.4.10 Binding to ICAM-1

The binding affinity between ICAM-1 and CBD is -5.2 (kcal/mol) because CBD makes one hydrogen bonds
(LEU94 at 2.702A), while a Pi-Pi T-shaped bond forms between the benzene of CBD and (TYR180 at 5.154 A)
with one alkyl bonds (PRO93 at 5.119 A) (Fig. 8a).

3.4.11 Binding to NOS3

The binding affinity between NOS3 and CBD is -7.0 (kcal/mol) because CBD forms hydrogen bonds with NOS3
(GLY233 at 2.405 A) and a Pi-Anion interaction at 4.01736 A between the benzene of CBD and GLU239. In
addition, two alkyl bonds exist between (CYS62 at 4.540A), (ILE214 at 5.228 A), and the carbon of CBD. Seven
pi-alkyl interactions occur between the benzene groups of CBD and (PRO212 at 5.177A).( ILE214 at 5.42443)
and the benzene rings of TRP56, PHE231 and TYR235 with the carbon of the group CBD at 5.167 A. 5.220 A
and 5.351 A respectively (Fig. 8c).

3.4.12 Binding to NOXA
The binding affinity between NOXA and CBD is - -5.7 (kcal/mol) because CBD forms hydrogen bonds with
NOXA (LYS101 has 2.496A), and a single pi-anion was observed towards (GLU49 has 4.863 A), and a Pi-cation
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with LYS101 at 4.101A, and Pi-Sigma with at 3.94 A, a pi-alkyl bond with YS101 at 4.704 A respectively. Seven
alkyl interaction with (LYS53 at 5.295A), (LYS101 at 5.241A), (ARG105 at 4.764A), (LYS101 at 4.322 A), (LEU104

at 4.315A), (LEUS6 at 4.364A), and (ILE98 at 5.387A) (Fig. 8e).
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Fig. 8 3D and 2D docked views of CBD with Proteins ICAM-1(b,a),NOS3(d,c), and NOXA(f,e)
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3.4.13 Binding to PAI-1

The interaction between CBD and PAI-1 has a binding energy of -8.0 kcal/mol; CBD forms one hydrogen bond
with (GLU281 at 2.281 A) and (GLU281: O a 1.99567 A). Also, one Pi-Sigma bond with (THR282 at 3.768A), and
six alkyl bonds with VAL23 a 5.297A, VAL32 at 5.271 A, VAL284 at 5.443A, LEU152 at LEU152 at 4.362A and
VAL23 at 4.488 A, VAL284 at 4.291A (Fig. 9a)

3.4.14 Binding to PERK

The interaction between CBD and PERK has a binding energy of -7.0 kcal/mol; CBD forms two hydrogen bond
with ASN941 and LEU598 at 1.9138 A, 2.477A respectively, a pi-sigma bond with PHE943 at 3.685A. Also, T-
shaped Pi-Pi formed with the amino acids PHE943 at 4.836 A. In addition, two alkyl bonds (VAL606 at 4.8724),
(ALA619 at 4.014A) two interaction (PHE943 at 5.180 A), (VAL606 at 4.246 A) (Fig. 9¢)

3.4.15 Binding to PPARy

The interaction between CBD and PPARy TIMP-1 has a binding energy of -6.3 kcal/mol. It forms one carbon
hydrogen bond GLY284 with at 3.487 A. One Pi-Sulfur interaction with MET348 at 5.129A. Also, four alkyl
interactions with CYS285 at 4.417A and ARG288 at 4.606 A. ARG280 at 3.659 A and ILE341at 4.749 A. While
CBD makes one pi-alkyl interactions with ILE341 at 4.497A (Fig. 9e).
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Fig. 9 3D and 2D docked views of cbd with Proteins PAI-1(b,a),PERK(d,c), and PPARYy (f,e)

3.4.16 Binding to TIMP-1

The interaction between CBD and TIMP-1 has a binding energy of -6.7 kcal/mol. It forms one hydrogen bond
SER100 with at 2.686. A Pi-Donor Hydrogen Bond interaction with VAL102 at 5.129A. Also, four Pi-Alkyl
interactions with TYR72 at 4.108A and PHE101 at 3.911A. PRO5 at 4.248A and ALA103 at 4.610 A. While CBD
makes two alkyl interactions with PRO5 and ALA103 at 4.802A and 4.389 A (Fig. 10a).

3.4.17 Binding to TRV1

The interaction between CBD and TRV1 has a binding energy of -7.1 kcal/mol. It forms a conventional
hydrogen bond interaction with VAL449 at 2.123 A. A carbon hydrogen bond with GLY479 at 3.506 A. A Pi-
Sigma interaction with THR452 and TYR456 at 3.955 A and 3.789 A respectively .Two pi-alkyl with TYR456 at
4.782 A and ALA453 at 5.061 A. Furthermore, seven alkyl interactions (VAL449 at 4.322 A), (ARG476 at 4.328
R), (ILE448 at 5.056A) were observed (Fig. 10c).

3.4.18 Binding to TRV2

The interaction between CBD and TRV2 has a binding energy of -7.1 kcal/mol. It forms one conventional
hydrogen bond with VAL449 at 2.123 A. In addition, it forms three hydrophobic bonds of alkyl type (VAL449 at
4.329A). (ARG476 at 4.328A), and (4.328 at 5.056A), and two pi-alkyl interactions with (PHE540 a 5.43731 A),
(PHE540 a 4.54944 A), (TYR544 a 4.10511 A), (TYR456 at 4.782A), (ALA453 at 5.061A), and two Pi-Sigma with
(THR452 at 3.9558 A) and (A:TYR456 at 3.789A) (Fig. 10e).



4.11

H-Bonds

Donor .
l \\‘&/

Acceptor .

© @

5.06
ALA o 2:92 ILE
Aas3 3.51 . A48
H-Bonds
ARG Ad49 Donor
GLY A476 -

A479
Acceptor .

@ 0

D:529

H-Bonds
Donor

Aoceptor.

Interactions
3 conventional Hydrogen Bond —1 Alkyl
[ Pi-Alkyl

[ Pi-Sigma
[ carbon Hydrogen Bond

[__] Pi-Donor Hydrogen Bond

Fig. 10 3D and 2D docked views of CBD with Proteins TIMP-1(b,a), TRV1(d,c),and TRV2(f,e)
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3.5 ADMET proprieties

The ADMET property is an acronym used in pharmacology and drug development and standing for absorption,
distribution, metabolism, excretion, and toxicity. These properties play a crucial role in determining the
pharmacokinetics and potential therapeutic value of a compound. Table 5 presents the ADMET properties
(absorption, distribution, metabolism, excretion, and toxicity) associated with the CBD under investigation.
Providing valuable insights into its potential as a drug candidate

Table 5 Results of the ADMET test with pKCSM of CBD

Absorption

Intestinal absorption (human) 90.854 % Absorbed
Distribution

BBB permeability 0.181 log BB
CNS permeability -3.911 logPS
Metabolism

CYP 2D6 Substrate No

CYP 3A4 Substrate Yes

CYP 2D6 Inhibitor No

CYP3A4 Inhibitor No
Excretion

Renal Oct-02 substrate No

Toxicity

AMES No
Hepatoxicity No

Based on the results obtained in Table 4. CBD absorption by the human intestine is at 90.854%. Guaranteeing
excellent absorption by the human intestine. However, regarding distribution indicators. The standard value
of blood-brain barrier (BBB) permeability is good if its value is greater than 0.3 and poor if LogBB < -1. The
results show that CBD responds well to the BBB criteria. which predicts that the drugs can pass through the
brain. CNS index. The compound with LogPS > -2 is considered able to penetrate the CNS. And the compound
with Log PS < -3 is considered unable to penetrate the CNS; therefore. cannabidiol can penetrate the CNS. CYP
enzymes are enzymes that oxidize foreign microorganisms to facilitate their excretion. Inhibition of this
enzyme can affect the drug's metabolism. And the drug can have a reverse effect through 2D6 and 3A4
inhibitors responsible for drug metabolism. According to the results. CBD can be considered a substrate of
CYP3A4 but not a CYP inhibitor. Indicating that CBD's metabolism as a drug is acceptable. As for the toxicity
requirement. CB has no potential harmful effect and does not cause hepatotoxicity.

Table 6 Results of the assessment of Cannabidiol (CBD) compliance with Lipinski's five rules
Molecular weight (g/mol) LogP H-bond acceptors H-bond donors Rotatable bonds
352.773 4.28 2 2 6

The analysis of the ADMET results (Table 6) and the Lipinski rules (MW<=500; logP<=5; Hacc<=10; Hdon<=5)
indicate that the studied molecule has been verified in silico as a safe pharmaceutical compound.

4. Conclusion

The results of this study indicate that cannabidiol has the potential to be an effective tumor treatment.
Analysis using the DFT method showed that the -OH groups present in cannabidiol create hydrogen bonding
interactions with cancer site targets (5-HT1A, Becll, COX-2, DR5, EGF, FAAH, ICAM-1, NOS3, NOXA, PAI-1,
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PERK, RERK, TIMP-1 and TRV1/2). Resulting in a high binding energy (-8.6, -8.2, -8.0 kcal/mol respectively with
FAAH, DR5, COX-2, and -8.2 kcal/mol with TRV1/2). As shown by molecular docking simulation, indicating that
cannabidiol has considerable affinity for cancer site targets. These results are encouraging and suggest that
cannabidiol may be a promising treatment for tumors. However, further studies are needed to determine the
efficacy of cannabidiol in cancer treatment and to understand the exact molecular mechanisms involved in
this anticancer activity.
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