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Abstract: Currently, obesity leads to health problems, including type 2 diabetes. These two diseases
are closely linked. Despite the spectacular development of the synthesis of active ingredients and
chemotherapy, we have not ceased to be interested in medicinal and aromatic plants, their effects,
indications, and methods of use. Thus, we see that the number of herbal medicine or plant substances
is growing in a very important way. The present study was carried out on the chemical structures of 16
plants, whose existence could help reduce obesity and its complications. Through molecular docking
methods, ADMET, and molecular dynamics. Due to the interaction, and good stability, we have found
that quercetin may have the obesity treatment.
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1. Introduction

Diabetes and obesity are two major epidemics operating around the world [1]. The
observation is simple: there are 400 million obese adults on Earth, and they will be more than
700 million in 2025 [2,3]. Obesity is defined according to the World Health Organization
(WHO) as an excessive or abnormal accumulation of fat in the body, which may affect general
health. It is a complex, chronic disease with potentially serious complications. Obesity is
internal suffering. It is measured by the body mass index (BMI), calculated by dividing the
body weight (in kg) by the square of its size (m?); a person with a BMI > 25 kg / m? is
considered overweight. As soon as BMI exceeds 30 kg/m? an individual is considered obese
[4,5]. The higher the BMI, the elevated risk of comorbidities (secondary illnesses) and
premature death [6,7]. The case of obesity is particularly visible since it is indeed something
that can be seen. Among the main networks that promote weight: an imbalance due to a change
in eating habits, decreased physical activity, smoking cessation [8], alcohol consumption [9],
certain drugs, professional or personal family difficulties, periods of psychological or social
vulnerability [10]. Obesity can lead to serious health problems: heart disease, breathing
disorders (sleep apnea or some lung disease asthma), type diabetes 11, musculoskeletal disorder
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cancer each year at least 2.6 million people die from overweight or obesity, which is the 5th
leading cause of death in the world [11-13].

Recently, research shows that an obese person is 3 times more likely to have diabetes
than a non-obese person. Biologically speaking, the more overweight, the greater the amount
of fat in your body, the more insulin your body needs, which is one of the important links
between obesity and diabetes [14]. At the same time, there is an increase in blood sugar. Indeed,
fat will provide energy to the muscle at the expense of glucose, leading to a rise in blood sugar.
The pancreas will secrete too much insulin to try to reduce blood sugar levels that are too large,
causing the latter to be short of breath, not able to make enough insulin. Thus blood sugar is
no longer regulated by insulin. Hyperglycemia sets in, and so does the development of diabetes.
In obese people, diabetes is, therefore, the result of excess weight. Therefore, we can conclude
that obesity and diabetes are intimately linked, so much so that we often speak of an epidemic
of "diabetes"[15,16].

Over the past decades, many obesity drugs have been banned due to serious side effects
[17]. This is why several studies are focused on traditional medicine, which has remained
widespread in all regions of the developing world due to its powerful pharmacological
activities, fewer side effects, and relatively low cost. In consequence, we have tried in this
research to confirm the experimental results of plants known in the literature by computational
chemistry techniques [18].

2. Materials and Methods

2.1. The hormones responsible for obesity.

Weight regulation and energy balance are very complex mechanisms; appetite
regulation mechanisms operate at multiple levels and involve different brain organs. More
precisely, the hypothalamus is a group of neurons involved in the metabolic pathways
regulating hunger and satiety. These neurons have the particularity of being in direct contact
with the blood system, the stomach in which digestion takes place, and finally, the intestines
[19]. Moreover, insulin is a hypoglycemic hormone produced by the pancreas; it promotes the
absorption of sugars after a meal; insulin also acts centrally and stimulates the production of
another satiety hormone [20,21]. For instance, leptin is secreted by adipocytes that play an
important role in energy balance and regulating fat mass in the body by sending a message of
satiety according to certain signals. In the long run, it results in decreased appetite and an
increase in energy heat recovery, leading to a decrease in obesity. Hence, we can see that
obesity is a decrease in leptin that suppresses appetite [22], without forgetting to talk about the
hunger hormone ghrelin, which is produced by the stomach'’s parietal cells. It works by direct
action on the pituitary and hypothalamic systems that contain some very important neurons.
These glands also activate circuits that have a specific role in appetite. However, the role of
this hormone is to trigger hunger; the release of ghrelin occurs when the body needs to renew
its energy. Therefore, there is a need to eat. On the other hand, its rate decreases after a meal,
which reduces hunger. Moreover, ghrelin can be controlled according to feedback inhibition;
it would even help fight obesity [23-24]. The regulation of appetite is a complex mechanism
driven by both hormones and bacterial signals in response to the availability of nutrients.
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Figure 1. Appetite and hunger hormones.
2.2.Medicinal anti-obesity plants.

In this research, we focused on 16 medicinal plants medicinal products well known in
the literature, especially in the field of traditional medicine as inhibitors of diabetes and obesity
[25]. We applied the molecular docking study, molecular dynamics, and ADMET. On these
plants, the molecular structures thereof are shown in the following Table 1.

2.3. Model building and validation of selected target.

The 3D protein structure was downloaded from RCSB (https://www.rcsb.org) PDB
ID=1AX8 [26], and it has been analyzed and validated by calculation using the Prochek server,
which gives a Ramachandran graph which makes it possible to search for the position of amino
acid residues in favored regions and outliers that gives an estimate of the overall stereochemical
quality of protein. Moreover, sometimes the PDB file investigated contains errors that are
unknown until the corresponding revisions are made available to the structural community.
Hence, the file is analyzed by the ProSA-Web program ((Protein Structure Analysis), which
also indicates the total length of the 1AX8 receptor, which constitutes 130 amino acids. This
service gives results instantly over a few seconds regardless of the shape of the molecules, as
a Z score graph that shows the model's overall quality. In comparison, the Verify3D server was
used to measure the compatibility of any protein structure with its amino acid sequence.
Consequently, the ERRAT program signifies the quality factor and calculates the overall error
frequency rate [27-29].

2.4. Docking protocol.

Thanks to the development of computer tools, scientific research is oriented towards
theoretical studies more than experimental studies in different fields (such as chemical,
pharmaceutical, biological); among the best-known methods, we can cite molecular docking,
which is a technique that makes it possible to predict the probable interactions between two
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entities that are a binding site of a target which is generally a so-called receptor protein and an
organic molecule called a ligand.

Table 1. The list of Active substances in plants and mushrooms with anti-obesogenic and antidiabetic effects.
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It takes place in two distinct stages: firstly optimizes the molecules using Gaussian
program and downloads the obesity protein crystal structure in PDB format (ID: 1AXS;
resolution: 2.40 A), it was obtained from the RCSB Protein Data Bank (PDB,
https://www.rcsb.org/), then eliminates the water molecules by using Discovery Studio
software to perform the step of positioning the ligand in the chosen site of the protein designed
by the SYBYL and PYMOL programs, subsequently following it up with the 2" step of
evaluating the potential energy interactions between the ligand and the protein ). The results
were visually analyzed by Discovery Studio software [30,31].

2.5. MD simulations.

In order to check the stability of our best docking positions, we carried out the method
of molecular dynamics simulations, which allows us to analyze the physical movement of
atoms and molecules, and most importantly, it is to study the stability of the complex
throughout the simulation by using the Schrédinger program. Unlike the majority of docking
where the protein is fixed, molecular dynamics allow this great flexibility of the protein to be
taken into account as well as permits access to the most stable conformation (lowest in energy)
from a docking position. Therefore, it can be used to validate or refine a docking position
(ligand/protein complex obtained by docking) [32].

2.6. ADMET study.

As part of the search for new drugs, predict the relative properties of Absorption,
Distribution, Metabolism, Excretion, Toxicity (ADME-Tox) of molecules, chemoinformatics
is regularly used in order to improve their pharmacokinetic properties by eliminating those that
would not be good drug candidates [33]. Therefore, in this study, we transformed the molecules
in SMILES format, and we applied the pkCSM webserver to each molecule, which provides
ADMET information. In addition, for a drug to be effective and bio-available, it must also have
other characteristics, and he must also follow rules which are called Lipinski's rules which were
calculated by using the Swissadme server (http://www.swissadme.ch/) [34,35].
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3. Results and Discussion
3.1. Protein structure validation.

The 3D structure (Figure 2a) in PDB format was submitted for validation using the
various servers. According to the next check, 94.7% of the tailings were located in the most
favored region on the Ramachandran graph (Figure 2b) as well as the stereochemical validation
was performed by using the ProSA server, which shows a graph with X-ray crystallography
and spectroscopy areas in light and dark blue respectively and a Z-score was found at -4.56
(Figure 2c). Consequently, the VERIFY3D graph indicates that 77.69% of the residues had a
3D-1D score > of 0.2, suggesting a good model quality (Figure 2d). While from the ERRAT
graph, we found that the quality factor is highly estimated at 96.61 (Figure 2¢). These validation
tools represent the satisfaction and reliability of the protein structure modeled for carrying out
molecular docking.
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Figure 2. Structure prediction & validation of 1AX8 Receptor. (a) Modeled 3D structure of 1AX8 receptor; (b)
Ramachandran plot of 1AX8 receptor generated by pro check server; (c) Z-Score plot for the modeled 1AX8;
(d) Verify 3D; (e) Error frequency plot generated by ERRAT server.

3.2. Molecular docking studies.

In this study, we performed molecular docking to identify therapeutic agents against
obesity, and it is a technique that makes it possible to predict or study interactions that are the
main factors having a significant impact on the affinity of a ligand for a receptor. In addition,
this study helps us to propose some plants as a treatment for weight loss. The results displayed
in Table 2 indicate that plants such as Quercetin[36], Honokiol [37], Curcumin [38], Capsaicin
[39], Caffeine [40] et Berberis [41] exhibit good interactions with the 1AX8 protein
(Resolution: 2.40 A), we visualized that for Quercetin and Honokiol there is the presence of
hydrogen bonds which is considered among the significant factors of protein-ligand stability.
Furthermore, the distances of its bonds are less than 3A, which is a strong hydrogen bond, and
GLN A: 134 from curcumin and ASP A: 135 from Capasaicin cause hydrogen bonds with OH
groups that show the importance of these amino acids. While for Caffeine and Berberis, we
have marked the absence of hydrogen bonds. However, there are other interactions such as pi-
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Alkyl with the residue TRP A:138 for caffeine, and carbon-hydrogen bond with ASP A: 40;
PHE A: 41; ILE A: 42; ASP A: 135; GLY A: 131 for Barberis, this is what confirms the
effectiveness of these plants against obesity is in the literature Quercetin decreases body weight
and regulates lipid metabolism, Other studies show that turmeric is known to be effective in
treating and preventing diabetes likewise accelerates weight loss, not to mention that there are
British researchers who have shown that caffeine may fight obesity by regulating lipid

metabolism and inhibiting adipocyte differentiation.

Table 2. Different interactions and key residues (amino acids) for more active molecules.

Plant Amine Position Distance Interaction H-Bond 2D interaction
acid type
Quercetin ASP 40 1.84 Conventional
Hydrogen
GLY 131 1.95 Bond
GLN 134 2.72 Pi-Lone Pair
TRP 138 2.93 Carbon HBonds R
Hydrogen Donor /
Bond ‘
Acceptor B ﬁa:;::nuunamydmgenﬁund [ Pitener
|:| Carbon Hydrogen Bond
Honokiol GLN 130 1.97 Conventional
Hydrogen
ASP 40 1.93 Bond
TRP 138 3.95 Pi-Alkyl m
W \ g
O_/ 3.95
H-Bonds \\‘:
Donor
Interactions
- Conventional Hydrogen Bond |:| Pi-Allyl
Acceptor BN I:I Pi-Lone Pair
Curcumin GLN 134 1..95 Conventional
Hydrogen
Bond 241
GLN 130 241 Carbon
Hydrogen 2667‘ /‘ I
SER | 127 2.66 Bond e/
s W/
ILE 42 2.27 Van der 461 261 s
Waals
ASP 40 2.61 Pi-Lone Pair
TRP 138 4,18 Pi-Alkyl ot
PHE 41 4.61 Amide-Pi I:I van der Waals I:I Pi-Lone Pair
Sta(:ked - Conventional Hydrogen Bond D Amide-Pi Stacked
Acceptor bl I:I Carbon Hydrogen Bond I:I pi-Alkyl
Capsaicin ASP 135 2.03 Conventional
Hydrogen
Bond
TRP 138 2.09 Carbon
Hydrogen
Bond
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Plant Amine Position Distance Interaction H-Bond 2D interaction
acid type
Interactions
- Conventional Hydrogen Bond I:l Pi-Anion
I:l Carbon Hydrogen Bond I:l Fi-Alkyl
Acceptor B - Unfavorable Donor-Donor
Caffeine ASP 40 251 Carbon
Hydrogen
GLN 134 2.36 Bond 4 \ =
‘ X A:138
ASP 135 3.07 : ¥ L \
2210\ : 2.51 \/_.u Q\ 457
TRP 138 4.57 Pi-Alkyl L e | 1 A
B Z H ’_,H\‘/_, ‘./
s ' ulz.aa? 236,
H-Bonds 2.
Donor @ 3
Interactions
Acceptor- I:I Carbon Hydrogen Bond I:I Fi-Alkyl
D Pi-Lone Pair
Berberis ASP 40 2.47
Carbon
PHE 41 2.27 Hydrogen @
Bond 3]
ILE | 42 2.35 ok
235 o
ASP | 135 2.86 NN
/ B E\\ //_ \ /—\\‘
GLY |[131 2.47 WA A NA
f N J
a ML, ¥

H-Bonds
Donor

Interactions
I:I Carbon Hydrogen Bond

Acceptor =

On the other hand, molecular docking studies for the rest of the plants give unfavorable
donor-donor interactions or acceptors (Table 3), confirming research decisions to stop the
marketing of some of its plants. However, side effects of ephedrine such as heart attacks and
cardiovascular problems were led by the FDA in the United States to give the order to stop the
4th marketing of food supplements containing the latter, which allows us to hypothesize that
other plants have negative health effects [42].

Further, we thought of comparing our results (Table 4) with the drug Xenical which is
available in pharmacies.
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Table 3. Different interactions and key residues (amino acids) for inactive molecules.

Plant Amine | Position | Distance | Interaction H-Bond 2D interaction
acid type
Epigallocatechin | ASP 135 1.96 Conventional
gallate PHE 41 191 Hydrogen
ASP 40 2.58 Bond
GLN 130 2.09
GLN 134 3.10 Carbon
GLY | 131 273 Hydrogen !
Bond
GLY 44 2.00 Unfavorable
Donor- Donor
Donor
SER 127 2.79 Unfavorable B converonsitydogentond [ Psioms
Acceptor- Acceptor B8 - E :::;:;
Acceptor
Polysaccharide ASP 40 2.19 Conventional
Hydrogen
ASP 135 2.92 Bond .
GLY |44 231 Poow
S K -
PHE | 41 2.31 A9 “\/\I{E Dol
GLN | 134 2.69 Carbon ‘ ! ,,\:;/\—a 7
GLY | 131 271 Hydrogen O\ j Kg\) e
Bond . - ' ﬂ‘zai'-‘H l 271
HIS | 46 2.04 Unfavorable | e @
TRP 138 2.13 Donor- o (@Y # :
Donor .
Acceptor By ﬁ“::::nhuna\ Hydrogen Bond - Unfavarable Donor-Doner
|:| Carbon Hydrogen Bond
Genistein ASP 135 2.08 Conventional
Hydrogen
ILE 42 1.83 Bond
GLN 130 1.83
GLY 131 2.90 Carbon
Hydrogen
Bond
GLN 134 2.75
ASP 40 2.78 Pi-Lone Pair | gy
PHE | 41 534 | Amide-Pi Do
Stacked .
\ Interactions
TRP 138 2.22 Unfavorable - Conventional Hydrogen Bond I:I Pi-Lone Pair
Donor- Acceptor [] carbon Hydrogen Bond [ Awide-piStacked
Donor - Unfavorable Donar-Danar
Glycyrrhizin ASP 135 1.97 Conventional
Hydrogen
GLY 131 2.07 Bond
GLN | 134 1.92 @
Ezu Q‘
PHE |41 1.98 Q /8 J
GLY |44 2.14 Pi-Alkyl 9= ‘.'M:HKZ/' VaWas
. I-AlKY! aﬂﬂ{ﬁL/ .&_<i§7{:§_/
\\——' ) \k 1 SOII \ \
‘.\D 158
Interactions
Acceptor L - Conventional Hydrogen Bond - Unfavarable Donar-Donor
I:I Carbon Hydrogen Bond l:l Pi-Alkyl
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Plant Amine | Position | Distance | Interaction H-Bond 2D interaction
acid type
Montbretin A ASP 135 2.73 Conventional
ASP 141 201 Hydrogen
GLN | 134 208 Bond ;Q ¥
TRP 138 2.81 Carbon . .
Hydrogen
ASP__ | 40 2.48 Bond
PHE 41 4.36 Pi-Pi Stacked
GLN 135 1.93 Unfavorable
Donor-
Donor
- Conventional Hydrogen Bond - Unfavorable Donor-Donor
Acceptor bl [ atbonFydkogen Bond [ st
Luteolin GLN 130 1.80 Conventional
Hydrogen
Bond
GLY 131 3.04 Carbon
Hydrogen
Bond
PRO 43 3.63 Pi-Sigma
ASP 40 2.43 Pi-Lone Pair
GLY 44 2.02 Unfavorable
H-Bonds
Donor- B
Donor
Acceptor Ll Interactions
- Conventional Hydrogen Band - Pi-Sigma
D Carbon Hydrogen Bond D Pi4.one Pair
- Unfavorable Donor-Donor
Resveratrol GLN 130 1.94 Conventional
Hydrogen
Bond
ASP 40 2.66 Pi-Lone Pair o
PRO 43 4.33 Pi-Alkyl .
GLY | 44 2.03 Unfavorable 0 //
Donor- 26 L%
Donor P
{ 433 .
ASP
H-Bonds PRO
Donor &
Interactions
. Conventional Hydrogen Bond I:l Pi-Lone Pair
Acceptor K . Unfavorable Danor-Danor I:l ety
Celastrol ASP 40 1.89 Conventional
Hydrogen
Bond
PHE 41 5.42 Pi-Alkyl
GLY 44 2.05 Unfavorable
Donor-
Donor
H-Bonds
Donor
Acceptor I conventional Hydrogen Bond [ Pi-akyl
- Unfavorable Donor-Donor
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Plant Amine | Position | Distance | Interaction H-Bond 2D interaction
acid type
Ephedrine ILE 42 2.33 Carbon
PHE 41 3.04 Hydrogen
ASP 131 2.48 Bond
ILE_ [ 42 2.33 .
GLY | 44 2.04 Unfavorable o M
Donor- : |
Donor i “
o ~
LW \\{ " 248
Interactions
D Carbon Hydrogen Bond - Unfavorable Danor-Danor
Acceptor 88
Lovastatin PHE 41 4.67 Alkyl
ILE 42 437 Pi-Alkyl
PRO 43 5.20
TRP 138 4.68
GLY |44 2.06 Unfavorable manat
Donor-
Donor P /ﬂ\<\\
\ \‘l 7/} 5.20
549\\_\/—\4 \\f
H-Bonds ] \
Donor il T g_u.
Acceptor & [ Unfavorable Danor-Donor [ Pty
DA\ky\

We can especially cite this drug which has shown that it could allow weight loss while
reducing cases of diabetes [43-46]. Moreover, we noticed in our study that the quercitrin plant
has good interactions with this drug. Therefore, this plant has provided very satisfactory results.

Table 4. Different interactions and key residues (amino acids) for Xenical.

Plant Amine | Position | Distance | Interaction H-Bond 2D interaction
acid type
Xenical ASP 135 2.81 Carbon
GLY 131 3.03 Hydrogen
Bond :
LEU 137 4,56 Alkyl
PRO | 47 442 | Pi-Alkyl o @
TRP 138 5.22 -
LEU 39 4.43 ¢ e
@
B, o isbonniiod ] st
(-
Acceptor L
3.3. ADMET.

Oral administration is the most convenient route for patients to receive drugs. When the
drug is administered orally, it has to be absorbed across the epithelium of the small intestine.
The results presented in Table 4 revealed that all the compounds showed high absorption above
70%, except Glycyrrhizin, Montbretin A, and Polysaccharide, which presented 0% absorption.
It demonstrates that these molecules cannot absorb at the level of the human intestine. So for
Epigalloc, it presents a very low absorption of 45.33% [47].

The LogBB is a commonly used parameter to express the extent of drug passage across
the blood-brain barrier. Experimental determination of BBB permeation is time-consuming,
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expensive, and requires a sufficient amount of product. For this reason, in silico study of
compounds for logBB is to be examined even before chemical synthesis.

The BBB is defined as the ratio of the brain to the blood concentration of a compound
at a steady state. On the other hand, peripherally acting drugs must have a limited ability to
cross the BBB to avoid adverse CNS effects. From the results of table 5, we can see that the
compounds Glycyrrhi, Montbretia, Polysaccharide, and Epigalloc that have a low absorption
as also have a low value of log BB that shows are poor distribution to the brain and very low
values of log PS which means are difficult to move in the CNS [48].

The enzymatic metabolism indicates the chemical biotransformation of a drug in the
body, which plays a crucial role in converting drug compounds. The cytochrome CYP plays a
major role in drug metabolism, containing several families like 2D6 and 3A4. The results
presented in Table 5 showed that only berberis, Celastrol, Honokiol, Lovastatin, and Xenical
were found to be the substrate of CYP3A4 and Capsaicin Curcumin, Lovastatin, Luteolin, and
Quercetin were found to be the inhibitor of CYP3A4 [49-50].

Furthermore, it can be observed from Table 6 that 6 compounds do not respect the
Lipinski rules, Xenical, Epigall, Glycyrrhizin, MontbretinA, Polysaccharide and Celastrol,
where all values of logP<5, molecular weight<500, HBA<10 and HBD<5 and RB<10. On the
other hand, the other compounds respect these norms [51].

Table 5. Results of the ADMET test with pKCSM of all compounds.

Absorption Distribution Metabolism Excretion Toxicity
Intestinal o5 8 s CYP -~ ® w2| 8

absorption | 8 '8 £ §§ 2 EE 2D6 | 3A4 2D6 | 3A4 §'5§ o |28 35

(human) Do ey ©gs Substrate Inhibitor x o3 <2 | £3

Numeric (% Numeric Numeric (log Categorical (Yes/No) Categorical Categorical

Absorbed ) (log BB) PS) (Yes/No) (Yes/No)

berberis 100 0.58 -1.692 No Yes yes no yes No no
Caffeine 98.90 -0.26 -2.94 No No No No No yes Yes
Capsaicin 91.69 -0.21 -2.39 No no No Yes No No no
Celastrol 100 0.012 -1.39 No Yes No no No No Yes
Curcumin 81.83 -0.29 -2.98 No no No yes No No no
Ephedrine 90.73 -0.11 -2.42 No no No no No No Yes
Epigalloc 45.33 -2.39 -4.15 No no No no No yes no
Genistein 93.39 -1.01 -2.21 No no No no no No no
Glycyrrhizin 0 -2.01 -3.83 No no No no No No no
Honokiol 91.82 -0.14 -1.33 no Yes No no No no no
Lovastatin 96.16 -0.27 -2.88 No yes No yes yes no No
Luteolin 78.90 -1.32 -2.45 No No No yes No yes No
Montbretin A 0 -4.50 -8.25 No No No No No no No
Polysaccharide 0 -1.67 -5.53 No No No No No No No
Quercetin 74.08 -1.49 -3.40 No No No yes No Yes no
resveratrol 88.49 -0.17 -2.02 No No No No No No no
Xenical 90.315 -1.013 -3.131 No Yes No No Yes No Yes

Table 6. Lipinski's role of all compounds in the dataset.

Compounds Molecular weight (g/mol) LogP H-bond acceptors H-bond donors Rotatable bonds
Berberis 336.36 3.62 4 0 2
Caffeine 194.19 -0.07 3 0 0
Capsaicin 305.41 3.58 3 2 2
Celastrol 450.61 5.94 4 2 1
Curcumin 368.38 3.20 6 2 8
Ephedrine 165.23 0.93 2 2 3

Epigall 458.37 1.17 11 8 4
Genistein 270.24 2.67 5 3 1

Glycyrrhizin 822.93 2.80 16 8 7
Honokiol 266.33 4.98 2 2 5
Lovastatin 40454 4.26 5 1 7
Luteolin 286.24 2.53 6 4 1
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Compounds Molecular weight (g/mol) LogP H-bond acceptors H-bond donors Rotatable bonds
MontbretinA 1229.06 -4.12 33 19 17
Polysaccharide 504.44 -6.88 16 11 7
Quercetin 302.24 1.54 7 5 1
resveratrol 228.24 3.13 3 3 2
Xenical 495,745 6.88 5 1 23

3.4. MD simulations.

Docking studies do not hold the protein flexible. To estimate the exact binding
orientation and ligand-receptor complex stability, we need to call MD simulations using two
critical parameters, which are RMSD and RMSF, under physiological, environmental
conditions of pressure, and temperature.

In this work, we have evaluated the stability of docking complexes relating to Quercetin
by molecular dynamics during 100ns.

At the start of the simulation, the RMSD curve of the protein backbone and that of the
ligand increases considerably until it reaches a maximum value and stabilizes around a value
of 3.5 A from 30 ns until the end of the simulation (Figure 3). These results confirm the stability
of the selected complex, and the ligand does not make a large conformational change.
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Figure 3. RMSD of backbone atoms relative Quercetin complexes during 100 ns MD.

We also followed the evolution of RMSF of the protein; Figure 4 shows four peaks but
with intensities generally not exceeding 6.4A, indicating weak local changes to characterize
local changes in the protein chain (Figure 4). This result shows a weak fluctuation of the
complex within the receptor.
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Figure 4. RMSF plot of obesity protease at 100 ns time scale (Quercetin).
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The MD simulation results show that during the 100 ns simulation, the RMSD of the
protein shows a deviation between 1.6 A and 3.2 A. As well as the RMSD value of the ligand
shows deviation from 3 A up to a max of 11 A. The RMSF of protein fluctuations was less than
4.8 A:; high fluctuations were recorded between 20-30 residue regions. The RMSD and RMSF
graphs are shown in Figure 5 and Figure 6, successively [31].
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Figure 5. RMSD of backbone atoms relative Xenical complexes during 100 ns MD.
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Figure 6. RMSF plot of obesity protease at 100 ns time scale (Xenical).

According to Figure 7, the results of Molecular dynamics are very satisfactory; the
proteins are very flexible and exist in several conformations in equilibrium between them.
Unlike most docking, where the protein is fixed, molecular dynamics make it possible to
consider this great flexibility of the protein. It can therefore be used to validate or refine a
docking position (ligand/protein complex). These molecular dynamics simulation results
proved that the docking of the compounds Xenical and Quercitin were performed correctly in
the active site; this also gave the idea that these two compounds formed stable complexes,
which can translate that the results are satisfactory.

4. Conclusions

We conclude that the most important result of this research is that we were able to
design and propose a plant as a treatment for obesity. The results of this compound are
satisfactory. In addition, the study of molecular docking helps us with the ADMET to offer this
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plant as a treatment for weight loss; they indicate good interactions and remarkable stability
compared to the drug Xenical. Therefore this plant reduces the time and cost of the synthesis.

Ligand Properties Xenical Ligand Properties Quercetin

[ [ ———

SNl e - o=

Figure 7. ligand properties for Xenical and Quercetin.
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