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Abstract

Non-alcoholic fatty liver disease (NAFLD), a silent killer, lacks a specific treatment because there is currently no medication approved
by the Federal Drug Administration (FDA) for its treatment. So, this serious situation requires the use of all resources to remedy this
problem. Reducing triglyceridemia may be a promising strategy to lower the risk of NAFLD. So, the aim of the present study was to
predict a new potential alpha-PPAR agonist as a drug for NAFLD from baobab fruit (Adansonia digitata) using molecular docking.
Compounds from baobab fruit using the PubChem database were selected. Filtration of compounds was carried out using the Lipinski
rules and ADME parameters. Then, Molecular Operating Environment (MOE) software was used to prepare these compounds as ligands
for docking simulations. The 3D structure of the PPAR-alpha receptor was retrieved from the Protein Data Bank (PDB) database for
docking simulations. The analysis of Adansonia digitata fruit showed the presence of 102 compounds using PubChem database. When
filtering these compounds using the Lipinski rule, only 23 compounds were recorded with o violations. After docking through MOE
software, one compound, namely the carbohydrate, D-Glucitol, 1, 3:2, 4-bis-O-((4-ethylphenyl) methylene) gave the least negative score
of energy complex (about —8.2333 Kcal/mol) while the reference Pioglitazone drug gave a score of —7.7763 Kcal/mol. RMSD for the
carbohydrate compound was 1.4141, while in the reference drug, it was 1.9589. The amino acid (THR) in the carbohydrate, D-Glucitol, is
hydrophilic and neutrally charged at a physiological pH, suggesting better absorption, while in the reference drug, the amino acid (HIS)
is hydrophobic at a physiological pH, potentially limiting the drug’s absorption. Additionally, the ADME properties of the carbohydrate
showed good pharmacokinetic properties. The D-Glucitol, 1,3:2,4-bis-O-((4-ethylphenyl)methylene) compound, isolated from baobab
fruit, shows promising potential as a novel agonist for the PPAR-alpha receptor responsible for non-alcoholic fatty liver disease (NAFLD).
Further in vivo studies are necessary to investigate this compound’s therapeutic efficacy.
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1. Introduction

Liver diseases are a significant contributor to global mortality,
greater than both diabetes and traffic accidents in terms of fatal-
ities, and often asymptomatic until they reach advanced stage [1].
Liver diseases, such as non-alcoholic fatty liver disease (NAFLD),
pose a grave health threat, characterized by the accumulation of fat
in liver cells unrelated to alcohol consumption, and can progress
to non-alcoholic steatohepatitis(NASH), leading to liver damage
and inflammation [2]. The prevalence of NAFLD is on the rise
worldwide, with its advanced stages associated with heightened
risks of cirrhosis and hepatocellular carcinoma, as well as links to
conditions like insulin resistance, type 2-diabetes, and cardiovascu-
lar disease [3]. Current pharmacological interventions for NAFLD
are limited, primarily comprising Pioglitazone and vitamin E [4—6].

However, investigations into alternative treatments are underway,
including the exploration of natural compounds with fewer side
effects [7]. The identification of new molecules to improve NAFLD
is essential to address the growing burden of this disease, provide
effective treatment options, and improve the quality of life for
affected individuals [8].

Baobab (Adansonia digitata) is a majestic African tree that is well
known for its medicinal properties. Its various parts, including the
fruit pulp, seeds, leaves, bark, and roots, have been traditionally
used in African folk medicine. It has garnered research attention
due toits rich soluble dietary fiber content and lipid-lowering prop-
erties [9]. Phytochemical analyses reveal a plethora of bioactive
compounds within baobab, including tannins, saponins, phenols,
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flavonoids, Anthraquinones, alkaloids, and terpenoids, which ex-
hibit potential inhibitory effects against triglycerides associated
with fatty liver disease [10—12]. The inner content of baobab fruit
looks like a dry, powdery pulp Figure 1, having a tangy, citrusy
flavor [13].

Figure 1 ¢ Baobab Fruit inner content [13].

The mechanism of action of potential NAFLD treatments involves
targeting key players in lipid metabolism, such as Peroxisome
Proliferator-Activated Receptors (PPARs) [14—18]. PPAR-« acts
as a middleman, facilitating the actions of fibrate drugs in low-
ering blood triglyceride levels. Fibrates, with the help of PPAR-
«, are effective in treating both high triglyceride levels and low
alpha-lipoprotein levels. PPAR-« is a primary controller of lipid
metabolism both within cells (intracellular) and outside of cells
(extracellular) as shown in Figure 2 [14]. PPAR« is a key regu-
lator of lipid metabolism and inflammation in the liver. Its activa-
tion holds promise as a therapeutic strategy for the treatment of
NAFLD [19].

The therapeutic effects of baobab fruit pulp suppressed hyper-
lipidemia in rats fed a high-fat diet, resulting in a reduction in
the serum levels of triglycerides, total cholesterol, and low-density
lipoprotein cholesterol (HFD) [20]. All these effects were mani-
fested in NAFLD.

Molecular docking is a computational method employed to predict
the optimal orientation and binding affinity of small molecules,
known as ligands, to a target protein, known as a receptor. This
process is instrumental in drug discovery, as it enables the identi-
fication of promising therapeutic compounds by virtually screening
vast chemical libraries. Molecular docking offers several advan-
tages, including enhanced efficiency, reduced costs, and acceler-
ated timelines in the drug development process. This approach
holds immense potential for uncovering novel and effective treat-
ments [21—24].

This study aims to identify a new potential agonist compound from
baobab fruit pulp for the treatment of NAFLD, using molecular
docking.

2. Materials and methods

2.1. Identification andpreparation of baobab compounds
as ligands

In literature, compounds, such as alkaloids, flavonoids, tannins,
sterols, carbohydrates, and fibers from baobab (Adansonia digi-
tata), have been found to show potential inhibitors for fatty liver
disease [12, 13]. In this study, these compounds were regarded
as ligands for a PPAR-« receptor for the treatment of NAFLD.
These selected chemical compounds from baobab were analyzed
in PubChem software [25]. The compounds obtained in PubChem
database were filtered using Lipinski’s Rule of Five, a set of cri-
teria that predicts druglikeness based on properties influencing
solubility and permeability. Specifically, Lipinski’s Rule considers
factors such as the following: molecular weight less than 500 Da;
no more than five hydrogen bond donors; ten or less hydrogen
bond acceptors; and a Log P value less than or equal to five (Log
P indicates a compound’s lipophilicity, or its preference for fat or
water). Compounds that passed the Lipinski’s Rule of Five filter
were further evaluated using the Swiss ADME web tool (http://
www.swissadme.ch/index.php, accessed on 2023 Jan 11), which
is a computational platform that predicts ADMET (Absorption,
Distribution, Metabolism, Excretion, and Toxicity) characteris-
tics of compounds to ensure a more comprehensive assessment
of the selected compounds’ drug-like properties. These criteria
were assessed for each ligand in the study [26]. Only compounds
showing zero violation were selected for further studies. The se-
lected compounds were then prepared in a 3D is to provide a
suitable representation for the docking simulation (Figure 3) and
allows to study the potential interactions between the compounds
and the target molecule, which is crucial in drug discovery and
development using Molecular Operating Environment software
(MOE) before docking [27]. Then, the optimized ligands were used
for docking with the receptor. The pattern of study is shown in
Figure 3.

2.2, Selection and preparation of target protein as a
receptor

In this study, PPAR-« was used as a receptor for the proposed
compounds. According to resolution, completeness, ligand-bound
structures, biological relevance, and validation were considered to
increase the likelihood and to obtain accurate and reliable docking
results [28]. The 3D crystal structure of PPAR-o was downloaded
from Protein Data Bank (PDB; https://www.rcsb.org, accessed
2023 Jan 28), under PDB ID 6KB9. The receptor was prepared
using MOE software. The preferred region of the receptor that
interacts with a ligand is known as the active site. It was identified
using MOE. The largest site including the naturally isolated ligand
P7F was selected [29].

2.3. Reference drug

For comparison, the drug Pioglitazone, a thiazolidinedione (TZD)
primarily used for T2 diabetes, was selected. Even at low doses,
Pioglitazone significantly improved liver steatosis and inflamma-
tion in patients with non-alcoholic fatty liver disease (NAFLD),
regardless of blood glucose control [30].

ACADEMIA MOLECULAR BIOLOGY AND GENOMICS 2024,1

2 of 14



https://www.academia.edu/journals/academia-molecular-biology-and-genomics/about

,

GWOT42
Fibrates Telmisara

1 PPRE

Increases:
- FA B-oxidation
- Ketogenesis

PRRE

toplasm

GWS501516

Increases:
- FA Uptake and
B-oxidation
in skeletal muscle
- Antioxidant factors
Decreases:
- NF-kB activity

https://doi.org/10.20935/AcadMolBioGen7475
Glitazones

Transcriptio,
PFPRE I\
\ RNA-Pol

Increases:
- Adipogenic and
energy genes
in adipose tissues
- Defensive genes
in macrophages

m

e ldentifi

cation ol baobab natural

]

» Filtration of baobab

compounds

compounds

* 3
|

\WIF‘ s,

 Preperation ol compounds and

]

docking

*
\\ F
o

N

Figure 3 ¢ Overall steps for the prediction of the activity of baobab compounds.

2.4. Docking and building complexes

The prepared ligands were docked against the receptor 6KB9g using
the MOE software. Receptor—ligand binding affinities and confor-
mations were evaluated based on the s-score, a numerical value
used to predict how well a molecule (ligand) will bind to a protein
(receptor). A lower S-score indicates a stronger binding affinity,
suggesting a more stable and favorable interaction between the
ligand and the receptor. It prioritizes binding geometries. For each
ligand, 10 poses were generated, and the top 5 poses were selected.
The docking pose of a ligand with «-PPAR is a three-dimensional
orientation of the ligand within the protein’s binding site. This
pose is determined by computational methods that predict the
most energetically favorable interaction between the ligand and
the receptor [31]. Subsequently, molecules with the best s-scores
and root mean square deviation (RMSD) values greater than 1.3 A
were chosen for further analysis. RMSD is a measure of the average
distance between the atoms of two superimposed structures. In
molecular modeling, it is commonly used to assess the similarity
between two molecular structures, such as a predicted protein
structure and an experimental structure. A lower RMSD value
indicates a higher degree of similarity between the two structures.
To establish a comparative level, the reference drug Pioglitazone

was initially docked and its s-score was used to assess the docking
scores of the selected baobab ligands [32].

3. Results

3.1. Recovery of baobab fruit compounds

Baobab fruit contains tannins, saponins, phenols, terpenoids, An-
thraquinones, alkaloids, flavonoids, steroids, fibers and carbohy-
drates [13]. A total of 102 compounds were obtained from the
PubChem database for the fruit (Figure 4).

3.2. Filtration of compounds

The obtained compounds were filtered by Lipinski’s Rule of Five.
As shown in Table 1, only 23 compounds passed the test with o
violations. The chemical scaffold of D-glucitol refers to its basic
six-carbon-chain structure with the hydroxyl groups. This scaffold
provides a versatile platform for chemical modifications, allowing
the synthesis of various derivatives with potential biological activ-
ities (Figure 5).
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Figure 5 e D-Glucitol chemical scaffold of Carbon Chain and
Hydroxyl Group.

Baobab compounds filtered by Lipinski’s Rule of Five revealed
23 compounds some examples and their structures were shown in
Figure 6 showing carbon; oxygen; hydrogen and nitrogen atoms.

In the structure of the 6KB9 protein, the red and yellow colors are
protein chains while the two natural molecules are shown in green.
Blue represents nitrogen atoms Figure 7.

Docking results show that the hydrogen bonding interactions of Pi-
oglitazone form two hydrogen bonds with histidine (HIS: 440) and
tyrosine (TYR: 464). In contrast, D-Glucitol forms hydrogen bonds
with threonine (THR: 279) and tyrosine (TYR: 334) Figure 8.

The energy score for the
is —7.7763, while that of D-Glucitol,1,3:2,4-bis-O-((4-
ethylphenyl)methylene)(Carbohydrate) is  —8.2333. The
remaining 22 compounds’ energy scores rang between —3.5176
and—7.4711 (Table 2). Additionally, the RMSD values for
Pioglitazone and D-Glucitol are 1.9589 and 1.4141, respectively,
while the other 22 compounds’ values range between —0.6
and1.8215. The structure of interaction, amino acids, s-score,
and RMSD for both the reference drug Pioglitazone and baobab
compounds are shown in Tables 2 and 3.

reference drug Pioglitazone

Docking results show that the hydrogen bonding interactions of
Pioglitazone form two hydrogen bonds with histidine (HIS: 440)

and tyrosine (TYR: 464). In contrast, D-Glucitol forms hydrogen
bonds with threonine (THR: 279) and tyrosine (TYR: 334), with
varying interaction distances and energies, as indicated in Table 4.

3.3. ADME characteristics

These results take into account solubility. GI absorption is the pro-
cess by which a drug is absorbed from the gastrointestinal (GI) tract
into the bloodstream. A drug must be absorbed from the GI tract to
make use of its therapeutic effects. Pgp substrate is a substrate for
P-glycoprotein (Pgp), a protein that can pump drugs out of cells
Pgp can reduce drug absorption and bioavailability. Blood—brain
barrier (BBB) permeation is the ability of a drug to cross the
blood-brain barrier, a protective barrier between the bloodstream
and the brain; cytochrome P450 (CYP) enzymes play a significant
role in the metabolism phase of ADME. When a drug is metabolized
by CYP enzymes, it is often transformed into inactive or less active
compounds that can be more easily eliminated from the body [33].
CYP1A2 inhibitor is a drug that inhibits the activity of cytochrome
P450 1A2 (CYP1A2), an enzyme involved in drug metabolism. It is
important for inhibiting CYP1A2, which can increase the blood lev-
els of other drugs metabolized by this enzyme. CYP2C19 inhibitor
is a drug that inhibits the activity of cytochrome P450 2C19 enzyme
involved in drug metabolism. Inhibiting CYP2C19 can increase the
blood levels of other drugs metabolized by this enzyme. CYP2Cg
inhibitor is a drug that inhibits the activity of cytochrome P450
2C9 (CYP2C9), an enzyme involved in drug metabolism. Inhibiting
CYP2Cg can increase the blood levels of other drugs metabolized by
this enzyme; CYP2D6 inhibitor is a drug that inhibits the activity
of cytochrome P450 2D6 (CYP2D6), an enzyme involved in drug
metabolism. Inhibiting CYP2D6 can increase the blood levels of
other drugs metabolized by this enzyme. CYP3A4inhibitor is a drug
that inhibits the activity of cytochrome P450 3A4 (CYP3A4), an
enzyme involved in drug metabolism. The results for these char-
acters for the reference drug Pioglitazone and D-Glucitol, 1, 3:2,
4-bis-O-((4-ethylphenyl) methylene) compound are illustrated at
Table 5.
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Table 1 ¢ Lipinski’s results.

No.

1

10

11

12

13

14

15

16

17

18

Compound
(3-[1-Hydroxy-2-(methylamino)ethyl]phenol
(Tannins)

o-Cresol(phenol)

4-Aminoantipyrine(phenol)

3-Isopropylphenol (phenol)

2-Methoxy-6-(all-trans-polyprenyl) (phenol)l

Terpenes and Terpenoids, cedarwood-oil,
acetylated(Terpenoids)

Myrcenyl acetate(Terpenoids)

Cholic acid(Terpenoids)

Anthraquinone Derivative(Anthraquinones)

Anthraquinone(Anthraquinones)

1,2-Anthraquinone(Anthraquinones)

(1R,4R,5S)-2,4’-dimethylspiro [2-azabicyclo [2.2.2]
octane-5,2’-3H-pyran]-6'-one
(Alkaloids)

Diterpene alkaloid(Alkaloids)

Strychnine N-oxide(Alkaloids)

2-dimethylaminoethyl
(2E)-2-[(1R,4bR,7S,8aR,10a8)-7-hydroxy-1,4b,8,8-
tetramethyl-10-0x0-1,3,4,43,5,6,7,8a,9,10a-
decahydrophenanthren-2-ylidene]acetate
(Alkaloids)

Testosterone propionate
(Steroids)

Testosterone
(Steroids)

1,3-Dinitrobenzene
(Steroids)

Lipinski result

Mwt: 167.20
H-bond acceptors3 H-bond donors 3
LOG Po.3

Mwt: 108.14
H-bond acceptors1 H-bond donors 1
LOG P2

Mwt: 203.24
H-bond acceptors1 H-bond donors 3
LOG Po.1

Mwt: 167.20136.19
H-bond acceptors1 H-bond donors1
LOG P2.7

Mwt: 192.25
H-bond acceptors1 H-bond donors 2
LOG P2

Mwt: 246.4
H-bond acceptorso H-bond donors 1
LOG P4.3

Mwt: 196.29
H-bond acceptorso H-bond donors 2
LOG P34

Mwt: 408.6
H-bond acceptors4 H-bond donors 5
LOG P3.6

Mwt: 270.28
H-bond acceptors2 H-bond donors 4
LOG P3.2

Mwt: 208.21
H-bond acceptorso H-bond donors 2
LOG P3.4

Mwt: 208.21
H-bond acceptorso H-bond donors 2
LOGP 2.7

Mwt: 221.29
H-bond acceptorso H-bond donors 3
LOG P1.5

Mwt: 405.6
H-bond acceptors1 H-bond donors 5
LOG P3.1

Mwt: 350.4
H-bond acceptorso H-bond donors 3
LOG P14

Mwt: 405.6
H-bond acceptors1 H-bond donors 5
LOG P3.1

Mwt: 344.5
H-bond acceptors1 H-bond donors 2
LOG P3.3

Mwt: 288.4
H-bond acceptors1 H-bond donors 2
LOG P3.3

Mwt: 168.11
H-bond acceptorso H-bond donors 4
LOG P1.5

Violation

(o)
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Table 1 ¢ Cont.

No. Compound

19 Oxymetholone
(Steroids)

20 Acrylonitrile
(Fibers)

21 Brucine
(Fibers)

22 3R,48S,5S)-2-(6,8-Dimethylpyrrolo[2,3-g]quinolin-
1-yl) tetrahydropyran-3,4,5-triol; hydrochloride
(Carbohydrates)

23 D-Glucitol,1,3:2,4-bis-O-((4-

ethylphenyl)methylene)-
(Carbohydrates)

https://doi.org/10.20935/AcadMolBioGen7475

Lipinski result Violation

Mwt: 332.5 0
H-bond acceptors2 H-bond donors 3
LOG P4.4

Mwt: 53.06 0
H-bond acceptorso H-bond donors 1
LOG Po.2

Mwt: 394.5 o
H-bond acceptorso H-bond donors 5
LOG P1

Mwt: 328.4 (¢}
H-bond acceptors3 H-bond donors 5
LOG Po.9

Mwt: 414.5 (¢}
H-bond acceptors2 H-bond donors 6
LOG P2.9

Figure 7 o Structure of the 6KB9 protein (Receptor). The red and yellow colors are protein chains while the two natural molecules are

shown in green.

4. Discussions

Globally, a diverse collection of plant species is employed to ad-
dress various ailments. As synthetic drugs increasingly face chal-
lenges like side effects and antimicrobial resistance, the explo-
ration of natural remedies, particularly plant-based compounds,
has emerged as a critical area of scientific inquiry.

ACADEMIA MOLECULAR BIOLOGY AND GENOMICS 2024,1

The primary objective of this research was to identify compounds
from baobab that may exhibit therapeutic potential in the manage-
ment of non-alcoholic fatty liver disease (NAFLD).

Baobab products have gained significant attention due to their rich
composition of bioactive compounds, each donated with a
spectrum of promising biological features [34]. These compounds
include tannins, saponins, phenols, terpenoids, Anthraquinones,
alkaloids, flavonoids, steroids, fibers and carbohydrates [12].
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Table 2 ¢ Docking results for the reference drug.

Compound Structure of interactions Amino Acid S-score RMSD
Pioglitazone @ HIS: 440 —7.7763 1.9589
(Reference drug) TYR: 464
o : :\,‘;E‘; - /—‘\?
] ey ; o 2
. -_ft_ ' /—/ \_
gy Pda335 binding energy with the original ligand of protein ID 6KB9. This
Thra79 77 Va3 carbohydrate showed the best score (more stability) compared
His457 e to other docked baobab compounds. Drug-likeness properties in-

Figure 8 ¢ Amino acids in active site of the protein—His: 440,
Tyr:464, Thr:279, Gly:277. Yellow color: hydrogen bonds.

One of the of baobab is its

Research has

most studied aspects
potential to lower cholesterol levels.
demonstrated  that  baobab fruitpulp can  effectively
reduce hypercholesterolemia [12]. This cholesterol-lowering
effect is believed to be a result of the synergistic interaction
between multiple bioactive compounds within the pulp. These
compounds likely target various biological pathways, contributing
to a more comprehensive approach to cholesterol management,
thus reducing the risk of NAFLD which is primarily caused
by obesity and insulin resistance. These conditions lead to an
excessive buildup of fat in the liver, often without any significant
alcohol consumption. Additionally, Type 2 diabetes, high blood
pressure, high cholesteroland metabolic syndromeact as secondary
factors in disease development [34].

PPAR-« (under PDB ID 6KB9) is an important human receptor
that plays a role in reactions with drugs by promoting the break-
down and utilization of fatty acids, increasing the body’s respon-
siveness to insulin, and reducing inflammation by suppressing
inflammatory pathways in the liver [35].

Molecular docking has become a powerful tool in drug discovery
and computational biology, ensuring the accuracy of molecular
docking; combining docking with experimental validation and
other computational techniques can help increase confidence in the
predictions [36].

The obtained results show that reference drug Pioglitazone gives
—7.7763 Kcal/mol binding energy with the original ligand of
protein ID 6KBg, while D-Glucitol, 1,3:2,4-bis-O-(4-ethylphenyl)
methylene), carbohydrate from baobab gives —8.2333 Kcal/mol

cludesolubility, metabolic stability, low toxicity and pharmacoki-
netic properties [37], which are typically found in D-Glucitol.

To assess the potential biological activity of the selected com-
pounds against NAFLD, molecular docking studies were con-
ducted against a relevant receptor. Of the 23 compounds evalu-
ated, 22 exhibited docking scores higher than the reference drug,
Pioglitazone. However, one carbohydrate compound, D-Glucitol,
1,3:2, 4-bis-O-((4-ethylphenyl) methylene), obtained from baobab,
demonstrated a lower docking score (—8.2333 Kcal/mol) com-
pared to Pioglitazone (—7.7763 Kcal/mol). This suggests a poten-
tially stronger interaction between D-Glucitol and the receptor.
D-Glucitol (or sorbitol) is a sugar alcohol with a unique chemical
structure that makes it a suitable candidate for drug development.
It is a promising compound with potential benefits for the treat-
ment of NAFLD. Its ability to inhibit fructose metabolism, improve
insulin sensitivity, and provide antioxidant protection [38], makes
it an attractive candidate for further investigation. However, more
research is necessary to establish its optimal dosage, long-term
safety, and efficacy in clinical settings.

Further analysis of hydrogen bonding interactions revealed that
Pioglitazone forms two hydrogen bonds with tyrosine (TYR: 464)
and histidine (HIS: 440). This amino acid (HIS) is hydrophobic
at a physiological pH, potentially limiting the drug’s absorption.
In contrast, D-Glucitol forms hydrogen bonds with tyrosine (TYR:
334) and threonine (THR: 279). This amino acid (THR) is hy-
drophilic and neutrally charged at physiological pH, suggesting a
better absorption [38].

The RMSD values for Pioglitazone (1.9589) and D-Glucitol (1.4141)
indicate that D-Glucitol exhibits a more stable conformation within
the receptor binding site [39]. This suggests a potentially more
favorable interaction and higher biological activity.

Regarding the ADME characteristics of the predicted compound,
it is soluble and absorbed in the GI. Regarding the Pgp substrate,
while this might affect absorption in certain tissues, it could also be
advantageous in specific contexts, such as preventing efflux from
the brain. BBB permeation showed a positive aspect for NAFLD, as
the condition can involve central nervous system components. Re-
garding CYP inhibition, inhibiting CYP2Cgq, CYP2D6, and CYP3A
can lead to drug—drug interactions, particularly with medications
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Table 3 ¢ Docking results for Baobab compounds.

No Compounds Structure of interactions Amino acid = S-score RMSD
1 D-Glucitol,1,3:2,4-bis-O-((4- THR: 279 —8.2333 1.4141
ethylphenyl)methylene)(Carbohydrate) TYR: 334
2 Diterpene alkaloid(Alkaloids) i CYS: 276 —7.4711 1.8215
CYS: 276
VAL: 332
ASN:219
3 2-dimethylaminoethyl(2E)-2- W CYS: 276 —6.6966 1.7503
[(1R,4bR,7S,8aR,10aS)-7-hydroxy- o 8 CYS:276
1,4b,8,8-tetramethyl-10-oxo- & f _j
1,3,4,43,5,6,7,83,9,103' ; ™ ;l! ) ln' d
decahydrophenanthren-2-ylidene] @ el }—:,. = 4
acetate y e T i
(Alkaloids) a
4 3R,48S,5S)-2-(6,8-Dimethylpyrrolo[2,3- = CYS: 276 —6.5670 1.7423
g] quinolin-1-yl) TYR: 334
tetrahydropyran-3,4,5-triol; @
hydrochloride
(Carbohydrate)
5 Testosterone P i ASN:219 —6.3226 0.9757
(Steroids) 8 — A
: —{_‘I%%x_’\ I ®
6 (1R,4R,55)-2,4’- o THR: 283 —6.2690 0.5099
dimethylspiro[2azabicyclo [2.2.2] : ) GLU: 268
octane-5,2’-3H-pyran]-6’-one MET:320
(Alkaloids) )
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Table 3 ¢ Cont.
No Compounds Structure of interactions Amino acid = S-score RMSD
7 Myrcenyl acetate (Terpenoids) - ® = @ THR: 279 —6.0075 —0.6
8 Oxymetholone (Steroids) 2 ASN: 221 —5.9821 1.2068
N ;
o, i .L‘
i : /\é }_ B 4
9 Anthraquinone Derivative P TYR: 334 —5.8002 1.5036
(Anthraquinones) I L
b ST
e JM .U, E e
10 2-Methoxy-6-(all-trans- B E & THR: 279 —5.6092 0.9521
polyprenyl)phenol i @ =
L tsy
- - “1 >

11 Cholic acid (Terpenoids) HIS: 440 —5.4999 1.2902
TYR: 464
SER: 280
12 4-Aminoantipyrine (phenol) ASN: 219 —5.4254 1.1559
THR: 283
(=)
13 1,2-Anthraquinone (Anthraquinones) () a TYR: 334 —5.2528 1.3214
-~ ® MET: 220
- & .
Lg‘v e g
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Table 3 ¢ Cont.
No Compounds Structure of interactions Amino acid = S-score RMSD
14 (3-[1-Hydroxy-2-(methyl amino) (i MET: 220 —5.1205 1.2308
ethyl]phenol (Tannins) A e MET: 320
s P GLU: 286

["-hl\.
sl
(T th
i)
.q"\
e
e |
w G

15 Anthraquinone (Anthraquinones) ASN: 219 —5.0909 1.0643
THR: 283
16 1,3-Dinitrobenzene (Steroids) ALA: 333 —5.0465 1.4662
] i P TYR:334
¢ ILE: 317
':\th-;- n \ j?_‘(\ § ,-’=\\=‘ Ly
- /\\‘_; “_;
17 3-Isopropylphenol (phenol) @& GLU: 286 —5.0234 0.4904
]
<
' s )
18 Testosterone propionate (Steroids) (i THR: 279 —4.7279 1.1107
o GLU: 233
I’,Ei\] ) -
19 Strychnine N-oxide (Alkaloids) THR: 279 —4.4626 1.1034
MET: 220
TYR: 334
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Table 3 ¢ Cont.
No Compounds
20 0-Cresol (phenol)
21 Brucine
(Fibers)
22 Terpenes and Terpenoids, cedar

wood-oil, acetylated (Terpenoids)

23 Acrylonitrile
(Fibers)

Table 4 « Binding of selected compounds:

Binding of compound (ligand) and
P7F to protein

D-Glucitol,)-(Carbohydrate)

Structure of interactions

THR: 283
s
® & & )
THR: 283
TYR: 334
® @ ASN: 219
) o ® @
P
W @ 5 3 = i
& N SER: 280
N ® @ HIS: 440

Ligand and Protein Interaction

Amino acid

HIS: 440

TYR: 464

THR:279

TYR: 334

Amino acid

S-score RMSD
—4.3512 0.3749

—4.0096 1.3072

—4.0014 0.6332

—3.5176 0.7666

Pioglitazone (reference drug and D-Glucitol, a carbohydrate) with the 6KB9.

Interactiondistance—E
(kcal\mol)
(H-acceptor) with distance about

3.06 A and energy of —1.1
Kcal/mol.

(H-acceptor) with distance about

3.33 A and energy of —1.4
Kcal/mol.

(H-acceptor) with distance about

3.30 A and energy of —0.7
Kcal/mol.

H-acceptor) with distance about

3.32 A and energy of —0.7
Kcal/mol.
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Table 5 ¢« ADME characteristics of the reference drug and D-Glucitol carbohydrate compound.

Compound BBB
(chemical

classification)

Solubility GI Pgp
absorption substrate

Pioglitazone

Highl
(Reference drug)

High No No
soluble

D-Glucitol, 1, 3:2, Soluble Yes Yes
4-bis-O-((4-
ethylphenyl)

methylene)

High

metabolized by these enzymes. This might require careful mon-
itoring and dosage adjustments. In conclusion, the ADME pro-
file presents both advantages and potential challenges; it could
be suitable for NAFLD treatment. The high absorption and BBB
permeation are desirable, and CYP inhibition might be manageable
with careful monitoring and potential dose adjustments.

Overall, D-Glucitol demonstrates several drug-like properties that
make it a promising candidate for further investigation as a po-
tential therapeutic agent for NAFLD and other related condi-
tions. However, further research and clinical trials are necessary
to definitively assess the drug’s efficacy and safety for NAFLD.
Factors such as the drug’s mechanism of action, target pathways,
and potential side effects also need to be considered.

5. Conclusions

The results of molecular docking and analysis suggest that D-
Glucitol, a carbohydrate obtained from baobab, has the potential
to be a novel compound for the treatment of NAFLD. Its favorable
docking score, hydrogen bonding interactions, and lower RMSD
value indicate a promising interaction with the target receptor.
However, further studies are necessary to confirm its efficacy and
safety in vivo.

Funding

The authors received no financial support for the research, author-
ship, and/or publication of this article.

Author contributions

Conceptualization, A.A.A. and M.A.M.K.; methodology, H.A.E.;
software, A.A.A. and A.M.A.B.; validation, M.AM.K,, D.AY.
and H.A.E.; formal analysis, A.A.A. and A.M.A.B.; investigation,
M.A.M.K.; resources, H.A.E.; data curation, D.A.Y.; writing—
original draft preparation, A.A.A.; writing—review and editing,
M.A.M.K.; visualization, H.A.E.; supervision, M.A.M.K.; project
administration, D.A.Y.; All authors have read and agreed to the
published version of the manuscript.

Conflict of interest

The authors declare no conflict of interest.

Data availability statement

Data are available within the submitted article.

permeation

CYP1A2
inhibitor

CYP2D6
inhibitor

CYP2C19
inhibitor

CYP2Co
inhibitor

CYP34A
inhibitor

No No No No No

Yes Yes Yes

Institutional review board statement

Not applicable.

Informed consent statement

Not applicable.

Additional information

Received: 2024-05-14
Accepted: 2024-12-18
Published: 2024-12-27

Academia Molecular Biology and Genomics papers should be
cited as Academia Molecular Biology and Genomics 2024, ISSN
3064-9765, https://doi.org/10.20935/AcadMolBioGen7475. The
journal’s official abbreviation is Acad. Mol. Biol. Genom.

Publisher’s note

Academia.edu Journals stays neutral with regard to jurisdictional
claims in published maps and institutional affiliations. All claims
expressed in this article are solely those of the authors and do
not necessarily represent those of their affiliated organizations, or
those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by
its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright

©2024 copyright by the authors. This article is an open access
article distributed under the terms and conditions of the Creative
Commons Attribution (CC BY) license (https://creativecommons.

org/licenses/by/4.0/).

References

1. Krishnan S. Liver diseases-an overview. World J Pharm Phar-
maceutical Sci. 2019;8:1385-95.

2. Vacca VM Jr. Nonalcoholic fatty liver disease: what nurses
need to know. Nursing2024. 2020;50(3):32-39. doi:
10.1097/01.NURSE.0000654028.01550.56

3. Younossi ZM. Non-alcoholic fatty liver disease—a global pub-
lic health perspective. J Hepatol. 2019;70(3):531—-44. doi:
10.1016/j.jhep.2018.10.033

ACADEMIA MOLECULAR BIOLOGY AND GENOMICS

2024, 1

12 of 14



https://www.academia.edu/journals/academia-molecular-biology-and-genomics/about

https://doi.org/10.20935/AcadMolBioGen7475

4.

10.

11.

12,

13.

14.

15.

David D, Eapen CE. What are the current pharmacological
therapies for nonalcoholic fatty liver disease? J Clin Exp Hep-
atol. 2021;11(2):232—-38. doi: 10.1016/j.jceh.2020.09.001

. Basu R, Noureddin M, Clark JM. Nonalcoholic fatty

liver disease: review of management for primary care
providers. Mayo Clin Proc. 2022;97(9):1700—16. doi:
10.1016/j.mayocp.2022.04.005

. Leoni S, Tovoli F, Napoli L, Serio I, Ferri S, Bolondi L.

Current guidelines for the management of non-alcoholic
fatty liver disease: a systematic review with comparative
analysis. World J Gastroenterol. 2018;24(30):3361. doi:

10.3748/wjg.v24.130.3361

. Liu C, Cai D, Zhang L, Tang W, Yan R, Guo H, et al.

Identification of hydrolyzable tannins (punicalagin, punicalin
and geraniin) as novel inhibitors of hepatitis B virus cova-
lently closed circular DNA. Antivir Res. 2016;134:97—107. doi:
10.1016/j.antiviral.2016.08.026

. Amorim R, Soares P, Chavarria D, Benfeito S, Cagide F,

Teixeira J, et al. Decreasing the burden of non-alcoholic
fatty liver disease: from therapeutic targets to drug discov-
ery opportunities. Eur J Med Chem. 2024;277:116723. doi:
10.1016/j.ejmech.2024.116723

. Adeyemi OS, Orekoya BT. Lipid profile and oxidative stress

markers in wistar rats following oral and repeated exposure
to fijk herbal mixture. J Toxicol. 2014;2014(1):876035. doi:
10.1155/2014/876035

Gadour MO, Khidir HB, Adam I, Gasim GI. Effects of a pow-
der of the fruit of Adansonia digitata (tabaldia, gongolase, or
baobab tree) on serum lipids. J Herb Med. 2017;8:14—16. doi:
10.1016/j.hermed.2017.03.004

Ogunleye OO, Jatau ID, Natala AJ, Obaloto OO, Adetutu
AE, Salifu AO. Aqueous extract of fruit pulp of adanso-
nia digitata (linn): phytochemical screening and in vitro an-
titrypanosomal effect. Niger Vet J. 2019;40(1):35—43. doi:
10.4314/1vj.v40i1.3

Abdelgadir NA, Salih AM, Ayoub SM. Hypolipidemic effect of
ethanolic extracts of Adansonia digitata fruit pulp on hyper-
lipidemic albino rats. J Phytopharmacol. 2019;8(6):279—81.
doi: 10.31254/phyto.2019.8601

Ogunleye OO, Jatau ID, Natala AJ, Ola-Fadunsin SD. Ef-
fects of aqueous extract of fruit pulp of Adansonia digitata
L. on the oxidative stress profile against trypanosoma brucei
infection in albino rats. Clin Phytoscience. 2020;6:1—9. doi:
10.1186/540816-020-00203-x

Botta M, Audano M, Sahebkar A, Sirtori CR, Mitro N,
Ruscica M. PPAR agonists and metabolic syndrome:
An established role. Int J Mol Sci. 2018;19(4):1197. doi:
10.3390/1jms19041197

Mirza AZ, Althagafi IT, Shamshad H. Role of PPAR receptor in
different diseases and their ligands: physiological importance
and clinical implications. Eur J Med Chem. 2019;166:502—-13.
doi: 10.1016/j.ejmech.2019.01.067

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

Berthier A, Johanns M, Zummo FP, Lefebvre P, Staels B.
PPARs in liver physiology. Biochim Biophys Acta Mol Basis
Dis. 2021;1867(5):166097. doi: 10.1016/j.bbadis.2021.166097

Goldberg RB, Stone NJ, Grundy SM. The 2018 AHA/ACC/
AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/
PCNA guidelines on the management of blood cholesterol
in diabetes. Diabetes Care. 2020;43(8):1673—78. doi:
10.2337/dci19-0036

Al-Majed A, Bakheit AHH, Aziz HA, Alharbi H, Al-Jenoobi
FI. Pioglitazone. Profiles Drug Subst Excip Relat Methodol.
2016;41:379—438.

Hu P, LiK, Peng X, Kan Y, Li H, Zhu Y, et al. Nuclear receptor
PPAR«x as a therapeutic target in diseases associated with
lipid metabolism disorders. Nutrients. 2023;15(22):4772. doi:
10.3390/nu15224772

Abushal SA. Therapeutic effects of Baobab fruit pulp (adan-
sonia digitata) aqueous extract on liver and cardiovascular
system of high-fat diet rat model. J Saudi Soc Food Nutr.
2021;14(1):80—93.

Ahmad S, Singh S, Srivastava MR, Shukla S, Rai S, Shamsi AS.
Molecular docking simplified: literature review. Adv Med Dent
Health Sci. 2021;4(4):37—44.

Nassab CN, Arooj M, Shehadi IA, Parambath JB, Kanan SM,
Mohamed AA. Lysozyme and human serum albumin pro-
teins as potential nitric oxide cardiovascular drug carriers:
theoretical and experimental investigation. J Phys Chem B.
2021;125(28):7750—62. doi: 10.1021/acs.jpcb.1c04614

Arooj M, Shehadi I, Nassab CN, Mohamed AA. Compu-
tational insights into binding mechanism of drugs as po-
tential inhibitors against SARS-CoV-2 targets. Chem Pap.
2022;76(1):111—21. doi: 10.1007/s11696-021-01843-0

Arooj M, Kim S, Sakkiah S, Cao GP, Lee Y, Lee KW. Molecu-
lar modeling study for inhibition mechanism of human chy-
mase and its application in inhibitor design. PLoS ONE.
2013;8(4):e62740. doi: 10.1371/journal.pone.0062740

Ihlenfeldt WD. PubChem. In: Applied chemoinformatics:
achievements and future opportunities. Hoboken: Wiley-
VCH; 2018. p. 245-58.

Daina A, Michielin O, Zoete V. SwissADME: A free web
tool to evaluate pharmacokinetics, drug-likeness and medic-
inal chemistry friendliness of small molecules. Sci Rep.
2017;7(1):1-13. doi: 10.1038/srep42717

Elmaaty AA, Darwish KM, Khattab M, Elhady SS, Salah M,
Hamed MI, et al. In a search for potential drug candidates
for combating COVID-19: computational study revealed sal-
vianolic acid B as a potential therapeutic targeting 3CLpro and
spike proteins. J Biomol Struct Dyn. 2022;40(19):8866—93.
doi: 10.1080/07391102.2021.1918256

Stanzione F, Giangreco I, Cole JC. Use of molecular dock-
ing computational tools in drug discovery. Prog Med Chem.
2021;60:273—343.

ACADEMIA MOLECULAR BIOLOGY AND GENOMICS 2024,1

13 of 14



https://www.academia.edu/journals/academia-molecular-biology-and-genomics/about

https://doi.org/10.20935/AcadMolBioGen7475

29.

30.

31.

32.

33.

34.

Khattab M, Al-Karmalawy AA. Computational repurposing
of benzimidazole anthelmintic drugs as potential colchicine
binding site inhibitors. Fut Med Chem. 2021;13(19):1623—38.
doi: 10.4155/fmec-2020-0273

Della Pepa G, Russo M, Vitale M, Carli F, Vetrani C, Masulli
M, et al. Pioglitazone even at low dosage improves NAFLD in
type 2 diabetes: clinical and pathophysiological insights from a
subgroup of the TOSCA. IT randomized trial. Diabetes Res Clin
Pract. 2021;178:108984. doi: 10.1016/j.diabres.2021.108984

Coleman RG, Carchia M, Sterling T, Irwin JJ, Shoichet
BK. Ligand pose and orientational sampling in molecular
docking. PLoS ONE. 2013;8(10):e75992. doi: 10.1371/jour-
nal.pone.0075992

Hammoud MM, Khattab M, Abdel-Motaal M, Van der Eycken
J, Alnajjar R, Abulkhair HS, et al. Synthesis, structural char-
acterization, DFT calculations, molecular docking, and molec-
ular dynamics simulations of a novel ferrocene derivative to
unravel its potential antitumor activity. J Biomol Struct Dyn.
2023;41:5199—16. doi: 10.1080/07391102.2022.2082533

Vrbanac J, Slauter R. ADME in drug discovery. In: A compre-
hensive guide to toxicology in nonclinical drug development.
Cambridge (MA): Academic Press; 2017. p. 39—67.

Braca A, Sinisgalli C, De Leo M, Muscatello B, Cioni PL, Milella
L, et al. Phytochemical profile, antioxidant and antidiabetic

35-

36.

37-

38.

39.

activities of Adansonia digitata L. (Baobab) from Mali,
as a source of health-promoting compounds. Molecules.
2018;23(12):3104. doi: 10.3390/molecules23123104

Rotzschke O, Lau JM, Hofstétter M, Falk K, Strominger JL.
A pH-sensitive histidine residue as control element for ligand
release from HLA-DR molecules. Proc Natl Acad Sci USA.
2002;99(26):16946—50. doi: 10.1073/pnas.212643999

National Research Council, Division on Earth, Life Studies,
Water Science, Technology Board and Committee on Assess-
ing Numeric Limits for Living Organisms in Ballast Water.
Assessing the relationaship between propagule pressure and
invasion risk in ballast water. Washington (DC): National
Academies Press; 2011.

Lakhani KG, Hamid R, Gupta S, Prajapati P, Prabha R, Pa-
tel S, et al. Exploring the therapeutic mechanisms of mil-
let in obesity through molecular docking, pharmacokinetics,
and dynamic simulation. Front Nutr. 2024;11:1453819. doi:
10.3389/fnut.2024.1453819

Yang G, Liu R, Rezaei S, Liu X, Wan YJY. Uncovering the gut—
liver axis biomarkers for predicting metabolic burden in mice.
Nutrients. 2023;15:3406. doi: 10.3390/nu15153406

Zardi M, Navarini L, Sambataro G, Piccinni P, Sambataro F,
Spina C, et al. Hepatic PPARs: their role in liver physiology,
fibrosis and treatment. Curr Med Chem. 2013;20(27):3370—
96. doi: 10.2174/09298673113209990136

ACADEMIA MOLECULAR BIOLOGY AND GENOMICS 2024,1

14 of 14



