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Gelis Tarihi Diinya saghk érgiti (DSO), obeziteyi sagligi bozabilecek sekilde viicutta anormal veya
03.05.2024 asirt miktarda yag birikimi olarak ifade etmektedir. Obeziteye tedavi etmek icin 6nerilen
Kabul Tarihi en etkin ilacin orlistat oldugu ifade edilmektedir. Bu arastirma, orlistat’a alternatif
01.08.2024 olabilecek, Plantago major flavonoidlerinden Scutellarin'in, 5NN8 PDB kodlu reseptdre

Anahtar Kelimeler

baglanma potansiyeli ve yeni ila¢ tasarimlarina 1sik tutma amaci ile in silico olarak

Orlistat, arastirilmistir. Scutellarin ve Orlistat bilesiklerinin kompleks karbonhidratlarin glikoza
Scutellarin, donisturdlip hizlica emilimini saglayan a-glukozidaz enzimlerini inhibisyon potansiyeli,
Plantago major, UCSF Chimera-1.17.3 ve AutoDockTools-1.5.6 yazilimlari kullanilarak arastiriimistir.
;:as\;;::idi, Sonuglarin gorsellestirilerek kenetlenme mekanizmalarinin aydinlatiimasinda BIOVIA

Discovery Studio yazilimi kullanilmistir. Bu ¢alismada protein data bank’tan alinan 5SNN8
proteini ile kontrol bilesigi olan Orlistat ve Scutellarinin arasinda gergeklestirilen
molekiler kenetlenme calismasi sonuglari; 5NN8 ile Orlistat arasindaki baglanma skoru
-6.0 kcal/mol olarak hesaplanirken 5SNN8 ile Scutellarinin arasindaki baglanma skoru ise
-7.5 kcal/mol olarak hesaplanmistir. Scutellarinin a-glukozidaz’a karsi inhibitér
aktivitesi, standart inhibitor olan Orlistat ile karsilastirilarak degerlendirildi. Molekiler
kenetlenme galismasi ile bulunan Scutellarin bilesiginin baglanma skoru -7.5 kcal/mol
ile Orlistat’tan -6.0 kcal/mol daha iyi oldugu gosterilmistir. Ayrica calisilan bilesiklerin
farmakolojik ve toksikolojik 6zellikleri, ila¢ benzerligi ve ADMET analizi yardimiyla in
silico olarak incelenmistir. ADMET c¢alismasi Scutelleranin'in toksik olmayan bir yapiya
sahip oldugunu gostermistir. Bu sonuglar her ne kadar Scutellarinin obezite inhibitori
olma potansiyeli tasiyabilecegini gostersede yinede daha fazla in vivo ve in vitro
¢alismaya ihtiyag duyacagi agiktir.
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the results and elucidate the docking mechanisms. In this study, the results of the
molecular docking study performed between the S5NN8 protein obtained from the
protein data bank and the control compounds Orlistat and Scutellarinin; the binding
score between 5NN8 and Orlistat was calculated as -6.0 kcal/mol, while the binding
score between 5NN8 and Scutellarinin was calculated as -7.5 kcal/mol. The inhibitory
activity of Scutellarin against a-glucosidase was evaluated in comparison with the
standard inhibitor Orlistat. It was shown that the binding score of Scutellarin compound
found by molecular docking study was -7.5 kcal/mol, which is better than Orlistat -6.0
kcal/mol. In addition, the pharmacological and toxicological properties of the studied
compounds were studied in silico with the help of drug-likeness and ADMET analysis.
ADMET study showed that Scutelleranin has a non-toxic structure. Although these
results show that Scutellarin may have the potential to be an obesity inhibitor, it is clear
that further in vivo and in vitro studies will be needed.

1. INTRODUCTION

The World Health Organisation (WHO) defines obesity as an abnormal or excessive
accumulation of fat in the body that may impair health (Bliiher, 2019; Cho et al., 2021; Ugur
et al., 2016). Obesity is increasing rapidly worldwide and has become a major health problem
not only among adults but also among children and adolescents (Emerenziani et al., 2019).
Factors such as industrialisation and urbanisation cause significant changes in people's
lifestyles that may predispose them to obesity. In addition, factors such as abundance and
cheapness of food, high fat and sugar content, increased consumption of ready-to-eat foods,
fast eating habits and decreased physical activity also contribute to obesity (Uyar & Esim,
2018; Keles, 2019). According to World Health Organisation data, obesity has been reported
to be an important factor in the formation of chronic diseases such as diabetes, heart disease,
chronic respiratory diseases, stroke and cancer (Boiko et al., 2021; Kuang et al., 2022). In
recent years, increasing cardio-metabolic morbidity and mortality due to overweight and
obesity has become a public health problem of global concern (Bliher, 2019; Kotsis et al.,
2018; Ogunyemi et al., 2023). Therefore, the search for preventive measures and treatments
to reduce the risk of obesity, hypertension, type 2 diabetes, hypercholesterolaemia,
hyperlipidaemia and thrombosis is increasing (Alpcan & Durmaz, 2015). Methods such as diet
and medical applications are frequently preferred for obesity. As a medical application, the
most effective drug recommended by the American Food and Drug Administration (FDA) is
orlistat (Qi, 2018; Tak & Lee, 2021). Orlistat inhibits the enzyme lipase produced in the
pancreas and stomach, which helps break down triglycerides into fatty acids. This causes fat
absorption to decrease by almost 30% (Uyar & Esim, 2018; Daneschvar et al., 2016; Koh et al.,

2019). Targeted inhibition of pancreatic digestive enzymes is also reported to be useful in the
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prevention of overweight and obesity (Lankatillake et al., 2021; Luo et al., 2019; Ogunyemi et
al., 2023). Alpha-glycosidase and alpha-amylase are two specific pancreatic enzymes involved
in the digestion of carbohydrates. These enzymes play a crucial role in catalysing the hydrolysis
(breakdown) of complex carbohydrates into simpler sugars such as maltose and glucose
(Ogunyemi et al., 2023). Alpha-glycosidase inhibitors are medicines used to manage blood
glucose levels in diabetes (Ogunyemi et al., 2023). These alpha-glucosidase inhibitors slow
down the activity of alpha-glucosidase enzymes in the small intestine. Thus, they delay the
digestion and absorption of carbohydrates, especially complex carbohydrates, resulting in a
slower rise in blood glucose levels after a meal (izol & Yapici, 2023; Israili, 2011; Lankatillake
et al., 2021). In addition, a-glucosidase inhibitors may effectively treat other clinical conditions
associated with carbohydrate metabolism, such as obesity, hepatitis, cancer and
hyperlipoproteinaemia (Hamedifar et al., 2023; Luo et al., 2019; Wang et al., 2020). Reducing
diet-related hyperglycaemia is an important goal in the prevention of obesity and diabetes
(Ogunyemi et al., 2023). In recent years, some anti-obesity drugs such as orlistat have been
used to treat obesity; however, most of these drugs have been withdrawn from the market
due to serious cardiovascular-related side effects (Tak & Lee, 2021). Therefore,
pharmacotherapy for the prevention and treatment of obesity is gaining more and more
attention in Turkey as well as all over the world (Ince et al., 2020; Newman & Cragg, 2016;
Noor et al.,, 2019). Scutellarin, a natural flavonoid, is a constituent of the nervine plant
(Plantago major) (Zhakipbekov et al., 2023). In a study on the reactivity of Plantago major
flavonoids by Density Functional Theory (DFT) method, it was stated that Scutellarin was the
most reactive of the flavonoid compounds (Bayrakdar & Keles, 2024; Kitadokoro et al., 2020).
Molecular docking studies are an approach used in bioinformatics that allows the study of
protein-ligand interactions at the atomic level. This approach plays a key role in the process
of identifying potential targets in the active sites of proteins and understanding the
mechanism of action (Van et al., 2022). Ligands can bind to proteins by differentiated types of
radiation. This binding process is defined by the binding affinity, which determines the
interaction strength of the ligand with the protein (Sivashanmugam et al., 2013; Vardhan &
Sahoo, 2020).

The oral use of drug designs in living organisms and their bioactivities on living
organisms are analysed using ADMET (Absorption, Distribution, Metabolism, Elimination and

Toxicological) parameters performed in silico. These studies provide important information on
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the efficacy and safety of a drug by examining factors such as how a drug is absorbed,
metabolised, distributed in circulation and excreted in the body. This information is critical for
the selection, design and optimisation of potential drug candidates in the drug development
process. Therefore, ADMET studies are an important part of the drug discovery and
development process. In this study, the binding potential of Scutellarin, a Plantago major
flavonoid that may be an alternative to Orlistat, to the 5NN8 PDB coded receptor was
investigated in silico to shed light on new drug designs with drug-likeness properties and

ADMET analysis.

2. MATERIAL VE METOD

2.1. Molecular Docking Study

In this study, the inhibitory activity of Scutellarin against a-glucosidase was evaluated
in silico in comparison with the standard inhibitor Orlistat. The inhibition potential of
Scutellarin and Orlistat compounds against a-glucosidase enzymes, which enable the rapid
absorption of complex carbohydrates into glucose, was investigated by molecular docking
study using UCSF Chimera-1.17.3 and AutoDockTools-1.5.6 software (Pettersen et al., 2004).
BIOVIA Discovery Studio software was used to visualise the results and elucidate the docking
mechanisms. The molecular structures of Orlistat and Scutellarin used in the study were
obtained from pubchem. On the other hand, the human lysosomal acid-alpha-glucosidase
enzyme, S5SNN8 pdb coded receptor, which will be used in the molecular docking study, was
taken from the protein data bank. Prior to the molecular docking study, the standard
procedure used in our previous studies for the preparation of proteins and compounds was

applied (Bayrakdar et al., 2024; Cengiz et al., 2023).

2.2. Drug-Likeness and ADMET Analysis

It is important in terms of time and cost to evaluate the physicochemical properties of
new candidates to predict whether they can be used as drugs. There are many criteria known
in the literature on this subject. One of the most well-known of these criteria is the criteria
proposed by Lipinski. Lipinski stated that for drug-likeness, the molecular weight, total
solubility, hydrogen bond acceptor and donor number values of the compounds should
comply with the limitations of <500 Da, <10 and <5, respectively (Lipinski et al., 1997). In this

study, the evaluation of drug-likeness properties was carried out with the help of the open
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access SwissADME web tool. In addition, ADMET analysis, which covers a series of studies
including the evaluation of further pharmacokinetic (ADME) and toxicological (T) properties
about the drug candidate compound, was performed with the help of open access pkCSM web

tools.

3. RESULTS AND DISCUSSION

Nowadays, theoretical approaches emerging as a result of multidisciplinary studies are
frequently used in order to provide insights into clinical studies, which can be quite costly.
Molecular docking study is one of the theoretical tools used to elucidate the interaction

mechanisms between proteins and compounds.

3.1. Molecular Docking Study

In this study, 2D and 3D structures of the docking mechanisms resulting from the
molecular docking study between the 5NN8 protein obtained from the protein data bank and
the control compounds Orlistat and Scutellarinin are given in Figures 1 and 2, respectively. In

addition, detailed information about the interaction mechanisms is presented in Table 1.
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Figure 1. Molecular docking mechanism between 5NN8 and Orlistat, a)3D and b)2D interactions
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Figure 2. Mechanism of molecular docking between 5NN8 and Scutellarinin, a)3D and b)2D interactions

In the molecular docking study, the binding score between 5NN8 and Orlistat was
calculated as -6.0 kcal/mol, while the binding score between 5NN8 and Scutellarinin was
calculated as -7.5 kcal/mol. The most important active residues for 5SNN8 receptor are Asp282,
Trp376, Asp404, Leud05, lleddl, Aspd43, Trpd81, Trp516, Asp518, Met519, Phe525, Arg600,
Trp613, Gly615, Asp616, Asp645, Phe649, Arg672 and His674 amino acids. (Abdullah et al.,
2024).

Table 1. Summarative results of molecular docking of Orlistat and Scutellarin with the 5NN8 receptor.

AG Hydrogen Bond . . 2 Electrostatic
o H h A o
Compounds (kcal/mol) | interactions (A) ydrophobic interaction (A) interaction (A)
Pi-Sigma
Phe525(3.95)
Conventional H-Bond f;tgso(s 48)
Orlistat -6.0 Asp282(2.06), Pi-Alkyl ’ Attractive Charge
Al 2.82 A .
rg600(2.82) Trp613(5.31-5.12), Phe64g(4.o- | Ar8600(3-99)
4.39), Trp516(5.09),

His674(4.56)

Conventional H-Bond
Asp616(1.89),
Asp404(2.55),
His674(2.85), Pi-Pi T-stacked
Scutellarin -7.5 Asp282(1.97), Phe525(3.91)
Trp481(2.79,
Arg600(2.8-3.2)
Carbon H-Bond
Asp518(3.1)

The 3D docking mechanisms shown in Figures 1a and 2a clearly show that both

Pi-Anion
Asp282(3.61)

compounds dock to the same active site of the S5SNN8 protein. The 2D visualisation of the
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interaction mechanism given in Figure 1b clearly reveals that Orlistat binds to the active site
by interacting with Asp282, Trp516, Phe525, Arg600, Trp613, Phe649, Leu650 and His 674
residues. On the other hand, the 2D visualisation of the interaction mechanism given in Figure
2b shows that Scutellarin binds to the active site by interacting with Asp282, Asp404, Trp481,
Asp518, Phe525, Argb00, Asp616 and His 674 residues. The types of interactions of the

compounds with residues in the active site of 5SNN8 are summarised in Table 1.

3.2. Drug-Likeness and ADMET Analysis

The drug-likeness properties of the Scutellarin compound are evaluated according to
the criteria known as Lipinski's rule of five and are given in Table 2. Table 2 clearly showed
that the number of hydrogen bond acceptors and hydrogen bond donors of Scutellarin
compound were 12 and 7, respectively. The drug-likeness study showed that Scutellarin
violated the Lipinski criteria twice. When many FDA-approved drugs were evaluated according
to the Lipinski criteria, it was reported that although it exceeded the standard molecular
weight, hydrogen bond donors and hydrogen bond acceptors values, it did not have dramatic
effects on the transport and diffusion of the drug compound (Mullard, 2018). Therefore, the
biological activity and therapeutic potential of this compound should be evaluated together

with other factors.

Table 2. Drug-likeness properties of Scutellarine

Lipinski's criteria Accepted range Value result
Molecular Weight (Da) <500 462.36 N
H-bond donors <5 7 X
H-bond acceptors <10 12 X
LogP <5 0.99 v

ADMET predictions for the pharmacological properties of Scutellarin and Orlistat
compounds, including blood-brain barrier (BBB) penetration, CNS permeability, AMES toxicity,
and intestinal absorption, were performed using pkCSM web tools and are presented in Table
3. The parameter of human intestinal absorption indicates the rate of absorption of orally
administered drugs through the small intestine. A value of absorption greater than 30% is
considered indicative of good absorption for molecules (Pires et al., 2015). As shown in Table
3, Scutellarin (18.658%) has a lower absorption compared to the control compound Orlistat

(90.315%). Skin permeability parameter is considered good for logKp values greater than -2.5
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(Pires et al., 2015). As shown in Table 3, the logKp values of Scutellarin (-2.735) and Orlistat (-
2.714) compounds demonstrate their possession of good the skin permeability. The
parameter VDss is a measure of the distribution of drugs in the body. A value of log VDss >
0.45 indicates a high volume of distribution, which means that there is good distribution from
the plasma towards the tissues, and log VDss < -0.15 indicates that the distribution is not good.
The VDss estimates given in Table 3 indicated that the compounds did not have a good
distribution, however Scutellarinin was better than Orlistat. The fact that the drug compounds
do not have any toxicity or mutagenic effects is evident from the estimates of AMES toxicity
values in Table 3. The metabolism estimates for the compounds were calculated by ADMET
study and given in Table 3. The hepatotoxicity parameter refers to the damage that
compounds entering the body can cause in the liver (Gombar & Hall 2013). In the ADMET study
conducted, it was estimated that Scutellarin would not cause liver damage, while Orlistat was

estimated to be likely to cause damage.

Table 3. ADMET analysis results for the compounds.

Compounds

Scutellarin Orlistat
Absorption
Human intestinal absorption (HIA+, %) 18.658 90.315
Skin Permeability (log Kp) -2.735 -2.714
Distribution
VDss (human) (log L/kg) -0.121 -0.59
BBB permeability (log BB) -1.925 -1.013
CNS permeability (log PS) -4.802 -3.131
Metabolism
CYP2D6 substrate No No
CYP3A4 substrate No Yes
CYP1A2 inhibitior No No
CYP2C19 inhibitior No No
CYP2C9 inhibitior No No
CYP2D6 inhibitior No No
CYP3A4 inhibitior No No
Excretion
Total Clearance (log ml/min/kg) 0.762 1.679
Toxicity
AMES toxicity No No
Hepatotoxicity No Yes
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Clearance parameter, which expresses the rate at which drug molecules are excreted
from the body, is measured by the proportionality constant CLtot. Clearance values less than
5 mL/min/kg are considered slow excretion (Pires et al., 2015; Sarkar, Alheety & Srivastava
2023) the clearance parameters in Table 3 show that the compounds are not immediately
eliminated from the body. The parameter logBB is employed in predicting the behavior of drug
compounds when they encounter the blood-brain barrier (BBB). A logBB value less than -1
indicates poor penetration ability into the BBB (Pires et al., 2015). The logBB predictions have
indicated that both compounds have low penetration abilities. The parameter logPS
represents the ability of compounds to penetrate the Central Nervous System (CNS). A logPS
value greater than -2 predicts potential penetration into the CNS, while a logPS value less than
-3 suggests inability to penetrate (Pires et al., 2015). The values provided in Table Y, namely -

4.802 (Scutellarin) and -3.131 (Orlistat), indicate a low potential for CNS penetration.

4. CONCLUSIONS

In this study, the inhibition effect of Scutellarin compound on obesity was investigated
by molecular docking study. The inhibitory activity of Scutellarin against a-glucosidase was
evaluated in comparison with the standard inhibitor Orlistat. The binding score of Scutellarin
compound found by molecular docking study was -7.5 kcal/mol, which was better than Orlistat
(-6.0 kcal/mol). At the same time, the molecular docking study showed that both compounds
interacted with almost identical active amino acid residues by travelling to the same binding
pocket on the protein. Drug-likeness and ADMET analyses performed in silico for Scutelleranin
revealed that Scutelleranin exhibited mediocre behaviour. Therefore, these results suggest
that Scutelleranin requires additional in vitro and in vivo studies before it can be used in the

development of medicinal products
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