[Short title + Author Name - P&H title] 32 (2024) 101884

Contents lists available at ScienceDirect

Saudi Pharmaceutical Journal

journal homepage: www.sciencedirect.com

Identification of antidiabetic inhibitors from Allophylus villosus and Mycetia
sinensis by targeting a-glucosidase and PPAR-y: In-vitro, in-vivo, and
computational evidence

Md Nur Kabidul Azam °, Partha Biswas ™", Md. Mohaimenul Islam Tareq®, Md Ridoy Hossain °,
Shabana Bibi ©“, Md. Anisul Hoque ?, Amia khandker ¢, Md Ashraful Alam‘, Md. Nazmul Hasan
Zilani ¥, Mohammad Shahedur Rahman ", Norah A. Albekairi’, Abdulrahman Alshammari’,
Md. Nazmul Hasan ™"

@ Laboratory of Pharmaceutical Biotechnology and Bioinformatics, Department of Genetic Engineering and Biotechnology, Jashore University of Science and Technology,
Jashore 7408, Bangladesh

Y ABEx Bio-Research Center, East Azampur, Dhaka 1230, Bangladesh

¢ Department of Biosciences, Shifa Tameer-e-Millat University, Islamabad 41000, Pakistan

4 Yunnan Herbal Laboratory, College of Ecology and Environmental Sciences, Yunnan University, Kunming 650091, China

¢ Biotechnology division, TechB Nutrigenomics, Dhanmondi, Dhaka 1209, Bangladesh

f School of Chemical Engineering, Zhengzhou University, Zhengzhou 450001, Henan, China

& Department of Pharmacy, Faculty of Biological Science and Technology, Jashore University of Science and Technology, Jashore 7408, Bangladesh

1 Bioresources Technology & Industrial Biotechnology Laboratory, Department of Biotechnology and Genetic Engineering, Jahangirnagar University, Savar, Dhaka 1342,

Check for

updates

Bangladesh

! Department of Pharmacology and Toxicology, College of Pharmacy, King Saud University, Post Box 2455, Riyadh, 11451, Saudi Arabia

ARTICLE INFO

Keywords:

Diabetes

Phyto chemical

Bioactivities

GC-Ms

Mycetia sinensis

Allophylus villosus
Computer-aided drug discovery

ABSTRACT

Diabetes mellitus (DM) is a metabolic disorder arising from insulin deficiency and defectiveness of the insulin
receptor functioning on transcription factor where the body loses control to regulate glucose metabolism in
B-cells, pancreatic and liver tissues to homeostat glucose level. Mainstream medicines used for DM are incapable
of restoring normal glucose homeostasis and have side effects where medicinal plant-derived medicine admin-
istrations have been claimed to cure diabetes or at least alleviate the significant symptoms and progression of the
disease by the traditional practitioners. This study focused on screening phytocompounds and their pharmaco-
logical effects on anti-hyperglycemia on Swiss Albino mice of n-hexane, ethyl acetate, and ethanol extract of both
plants Mycetia sinensis and Allophylus villosus as well as the in-silico investigations. Qualitative screening of
phytochemicals and total phenolic and flavonoid content estimation were performed significantly in vitro
analysis. FTIR and GC-MS analysis précised the functional groups and phytochemical investigations where FTIR
scanned 14, 23 & 17 peaks in n-hexane, ethyl acetate, and ethanol extracts of Mycetia sinensis whereas the n-
hexane, ethyl acetate, and ethanol extracts of Allophylus villosus scanned 11 peaks, 18 peaks, and 29 peaks,
respectively. In GC-MS, 24 chemicals were identified in Mycetia sinensis extracts, whereas 19 were identified in
Allophylus villosus extracts. Moreover, both plants’ ethyl acetate and ethanol fractioned extracts were reported
significantly (p < 0.05) with concentrations of 250 mg and 500 mg on mice for oral glucose tolerance test, serum
creatinine test and serum alkaline phosphatase test. In In silico study, a molecular docking study was done on
these 43 phytocompounds identified from Mycetia sinensis and Allophylus villosus to identify their binding affinity
to the target Alpha Glucosidase (AG) and Peroxisome proliferator-activated receptor gamma protein (PPARG).
Therefore, ADMET (absorption, distribution, metabolism, excretion, and toxicity) analysis, quantum mechanics-
based DFT (density-functional theory), and molecular dynamics simulation were done to assess the effectiveness
of the selected phytocompounds. According to the results, phytocompounds such as 2,4-Dit-butyl phenyl 5-
hydroxypentanoate and Diazo acetic acid (1S,2S,5R)-2-isopropyl-5-methylcyclohexyl obtained from Mycetia
sinensis and Allophylus villosus extract possess excellent antidiabetic activities.
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1. Introduction

Diabetes is a chronic and preventable disease. Insufficient insulin
production or impaired insulin utilization are the causes of diabetes
mellitus, identified as a chronic disease by optimized blood glucose
levels. Uncontrolled blood glucose can result in hyperglycaemia, which
can cause severe damage to various body systems, including nerves and
blood vessels (Barrett-Connor, 2003). Genetic and environmental fac-
tors influence hyperglycemia, impeding insulin secretion, and resistance
in type 2 diabetes mellitus (T2DM) (Pal & McCarthy, 2013; Para-
masivam et al., 2016). According to the Global Burden of Disease
Collaborative Network, diabetes causes more than one and a half million
deaths worldwide every year and significantly impacts cardiovascular
health and kidney disease (Roth, 2018). Approximately 530 million
adults aged 20 to 79 years and 135.6 million among the aged 65-99
years worldwide (Gamboa-Antinolo, 2023) are affected with diabetes.
International Diabetes federation ranked Bangladesh as number 9 for
the 20 to 79 years aged people suffering from diabetes without a diag-
nosis in 180 countries. According to WHO reports, 2 million diabetics
have died from diabetes and its complications. From 2000 to 2016, total
7,108,145 deaths were reported in the 108 selected countries (Ling
et al., 2020) were related to diabetes. It has been estimated that global
health expenditure on diabetes compared with US$760 billion in 2019
to reach US$825 billion by 2030 and US$845 billion by 2045 (Chowd-
hury et al., 2022).

There is evidence that single nucleotide polymorphisms (SNPs)
within the PPARG gene, a nuclear receptor, can regulate lipid and
glucose metabolism in the body (Sarhangi et al., 2020). Peroxisome
proliferator-activated receptor-gamma performs the insulin action by
increasing the tissue’s sensibility (muscle, adiposity tissue, and liver)
(Bermtdez et al., 2010) with the metabolic activities of glucose uptake
in skeletal muscle and adipose tissue and lowering hepatic glucose
production (Derosa & Maffioli, 2012). a-glucosidase inhibitors (AGIs)
have also emerged as a prominent class of drugs that slow down car-
bohydrate metabolism and control blood glucose levels after meals
(Sathish Kumar & Bhaskara Rao, 2016). a-glucosidase inhibitors (AGIs)
perform significant glycaemic control and adjust insulin levels (Van de
Laar et al., 2005b), which has not noticed any effect on mortality and
morbidity (van de Laar et al., 2005a). Nowadays, a-glucosidase in-
hibitors and Peroxisome proliferator-activated receptor-gamma in-
hibitors are used as anti-diabetic drugs for glycaemic control and insulin
homeostasis. Researchers have demonstrated strong evidence of phy-
tochemicals’ ability to target the PPAR-y nuclear receptor, as well as
acting as glucosidase inhibitors and modulating other genes involved in
controlling blood glucose (Florez et al., 2007; Mahnashi et al., 2022; Tiji
et al., 2021). Furthermore, bioactive compounds found in plants,
including polyphenols and secondary metabolites, have been shown to
modulate nucleotide chains and influence gene expression, thus
contributing to preventing and treating type II diabetes as well as its
complications (Felisbino et al., 2021).

Phytochemicals, also known as phytonutrients, are crucial to drug
development for chronic diseases (Murugan et al., 2021; Singh et al.,
2016), utilizing their bioactivity to prevent and treat illnesses (Lila &
Raskin, 2005). In fact, approximately 80 percent of the global popula-
tion relies upon phytochemical-based medicines (Ekor, 2014; Kelly
et al., 2005), which have become the most significant source of modern
pharmaceutical industries (Kumar & Egbuna, 2019). The United States
has recently reported that 25 % of medical prescriptions are
phytochemical-based (Azam et al., 2022). The World Health Organiza-
tion (WHO) recognizes the importance of phytochemicals derived from
more than 80,000 plant species, which offer effective treatment options
with minimal side effects for chronic and acute diseases (Bhat, 2021b;
Dev, 1997). 121 pharmaceutical products formulated with phytochem-
icals have emerged worldwide in the last century, based on traditional
knowledge systems from 2800 BCE (Pan et al., 2014).

There are several indigenous communities in Bangladesh. One of
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them is the Chakma community, which mainly lives in Rangamati;
Chittagong hill track districts, Bangladesh, and has its own culture,
language, and medicinal practices (Rahmatullah et al., 2012b). The
Chakma community has long recognized the prevalence of diabetes, so
practitioners have relied on two significant plants (local Chakma names)
known as Soy demi and Tin Shingha Pada to treat the disease, claiming
they can provide significant relief or even cure it entirely; especially
traditional practitioners of Sapchari, Gagra, Rangamati. Mycetia sinensis,
initially identified in 2009 from Moulavi Bazaar National Park in
Bangladesh, reported by Bangladesh National Herbarium, belongs to the
Rubiaceae family with 45 species worldwide (Yan et al., 2016). The
plant’s native habitat is South China, which is usually grown in the
tropical wet biome, and it has also been in the streamside at the Sapchari
area of the Rangamati hill track district. Moreover, there are 255 species
in the Sapindaceae family, including Allophylus villosus, which is found
worldwide and grows mainly as a shrub in tropical wet areas (Chavan &
Gaikwad, 2016). It was discovered in a wet tropical region in the Sap-
chari area of the Rangamati hill track district, commonly known as Tin
Sangha Pada. Despite this, the medicinal properties of these plants
remain unknown. In the search for a new phytochemical source for
developing diabetes mellitus drugs, our research focused on Mycetia
sinensis and Allophylus villosus. Mycetia sinensis is traditionally used for
uncontrolled urination, a weakness for adults, and Meho (for young
people). The other plant, Allophylus villosus traditionally used for
Menorrhagia (Women), Dysentery (for cattle), debility (for young),
jaundice, and Diabetes.

In light of significant studies on the bioactivities of M. sinensis and
A. villosus, research focused on nutrigenomic approaches or computer-
aided drug development to identify and design potential drug candi-
dates derived from these plant extracts (Baehaki et al., 2020a; Karim
et al., 2020a; Simorangkir et al., 2019). Using these approaches, the
existing phytochemicals in these plants have been optimized, and
therapeutic properties to treat diabetes have been enhanced. Computer-
aided drug designing (CADD) analysis can hasten the drug development
process by screening large compounds to predict their toxicity and select
them as lead compounds (Gazor et al., 2017; Grover et al., 2003a; Kiime
et al., 2018). For identification of possible active conformation, binding
affinity strain discipline associated with the binding mechanism has
been performed by Quantum mechanics (Socrates, 2004) and Molecular
docking to detect binding affinity and interaction between protein and
ligand molecules (Grant-Peters et al., 2022; Saha et al., 2022). It also
identifies potential drug candidates for whom further analyses have
been done by Molecular Dynamics Simulation (MDS). Molecular Dy-
namics Simulation is a strong enough method to justify protein-ligand
interactions with an artificially created environment that imitates the
human body (Simorangkir et al., 2019).

We aimed to identify the active phytochemicals for treating diabetes
mellitus from M. sinensis and A. villosus. The study has been focused on
In-house content determination of anti-oxidant, functional group
screening, Phytochemical identification by GC-MS with observation of
bioactivities (Mihailovi¢ et al., 2021; Ramirez-Alarcon et al., 2021).
Finally, the phytocompounds obtained from Mycetia sinensis and Allo-
phylus villosus are evaluated in order to identify active phytochemical as
novel drug candidates targeting alpha glucosides and Peroxisome
proliferator-activated receptor gamma for inhibition activities to treat
diabetes by in-vivo, in-vitro and in silico approaches.

2. Methods and materials
2.1. Plant materials

Aerial parts of Mycetia sinensis and leaves Allophylus villosus were
collected from the Hill slope, stream side and wet tropical biome of
Sapchori, Manikchori, Ghagra, Rangamati Hill track District,
Bangladesh (geographically sated as the Latitude: 22°66' and Longitude:
92°08") during the rainy season of 2019 with the support of Rangamati
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Development Board, GORBA Tourism and Local Chakma folk medicinal
Practitioners. Nearly 6 kg of M. sinensis and 8 kg of A. villosus, green
leaves were collected for this research work. Herbarium sheets for
A. villosus and M. sinensis were prepared for identification and Certifi-
cation, which were authenticated as Mycetia sinensis (Hemsl.) Craib
(DACB Accession Number:54906) and Allophylus Villosus (Rob.) Blume
(DACB Accession Number: 54909) by Dr. Mahbuba Sultana, Senior
Scientific Officer (Deputation), Associate Professor (Botany),
Bangladesh National Herbarium, Ministry of Environment, Forest and
Climate Change, Chiriakhana Road, Mirpur-1, Dhaka-1216.

2.2. Extract preparation

Dried aerial parts and leaves are grinded (Capacitor start motor,
Wuhu motor, Made in China) into grainy powder at the Laboratory of
Pharmaceutical Biotechnology & Bioinformatics, Jashore University of
Science and Technology. Coarse powder of M. sinensis (750 g) and
A. Villosus (600 g) were macerated in respectively 5 Jars and 4 jars (150
g powder in each jar) by multilevel maceration using hexane (nonpolar),
ethyl acetate (semipolar), and 98 % ethanol (polar) solvents (Baehaki
et al., 2020b). 300 ml of n-Hexane solvent (Daejung chemicals, lot no:
H3243SH1) were used for maceration in each jar, filtered twice by 110
mm Whatman Filter paper (cat no: 1001110) from GE Healthcare and
the filtrates obtained were concentrated on the rotary evaporator (RE-
100 PRO, DLAB Scientific Inc., China) vacuum maintaining temperature
40 °C with 40 RPM to get concentrated n-hexane extracts at Central
Laboratory, Department of Biotechnology, Jashore University of Science
& Technology, Bangladesh.

The pulp portions of each plant were macerated with ethyl acetate
(Daejung chemicals, lot no: E3180TF1) solvent (400 ml in each jar),
filtered twice, and the filtrate poured was concentrated to procure
concentrated ethyl acetate extract. Furthermore, the pulp portion was
re-macerated with 98 % ethanol (EMSURE r, Merck KGaA, Index num-
ber: 603-002-00-5) solvent, filtered twice, and the filtrate procured was
concentrated to procure concentrated ethanol extract (Simorangkir
et al., 2019). A piece maceration process for several solvents lasts for 8
days 24 h, with thrice stirrers in a day (Asmilia et al., 2020). The
extraction results produced a yield of a fraction of extract n-hexane,
ethyl acetate & ethanol of apiece plant M, sinensis, and A. villosus, and
extracts were collected in glass vials. Fractioned extracts of n-hexane,
ethyl acetate, and ethanol from M. sinensis were labelled as M_N, M_EA,
M_E, and A.villosus were labelled respectively AN, A EA, A E and
accumulated at 40C temperature for further experimental uses.

2.3. Total phenolic content

The total polyphenol content of six extracts was ascertained by the
modified Folin-Ciocalteu method (Rahman et al., 2021). Equal frac-
tional parts of 0.5 ml extract from each solution (1 mg/mL) of six ex-
tracts and standard (1 mg/mL) were mixed properly with 5 ml of 1:10
(v/v) FC reagent. As per protocol, 4 ml of sodium carbonate (7.5 % w/v)
was added up to the mixture. After vortex for 15 s, Sample mixtures were
incubated with a thermostat at 40 °C for 30 min. The UV filter was 765
nm. Different concentrations (0-50 pg/ml) of Gallic acid were used for
standard curve generation, (y = mx + c). Total Phenolic Content was
measured by the equation as TPC; A= (C*V)/M (mg/g).

2.4. Total flavonoid content

Total flavonoid content in selected plant extracts was determined
using 200 p 1 AICI3 (1 %) and 200 p 1 potassium acetate (CH3CO2K) (1 M)
with 1 ml solution of extract or standard solution (1 mg/mL) in the
modified colorimetric methods from existing researches (Karim et al.,
2020Db). The results were derived from the calibration curve (y = mx + c¢)
of Quercetin (0-50 pg/mL), and expression of Quercetin Equivalents
(QE) was ascertained (mg/ml) from the calibration line and in terms of
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Quercetin Equivalent dry extract in per gram for six extracts. Total
Phenolic Content TPC; A= (C*V)/M (mg/gm).

2.5. Fourier transforms infrared (FTIR) spectroscopy

Fourier transform infrared (FTIR) spectra were set down using an
FTIR spectrophotometer (IR prestige- 21, Shimadzu) at Wazed Mia
Science Research Center, Jahangir Nagar University, Saver, Dhaka. All
six extracts of M. sinensis & A. villosus, respectively, n-hexane, ethyl
acetate, and ethanol solvent, were thoroughly mixed in a ratio of 1:100
with an infrared transparent matrix or carrier (potassium bromide). KBr
mixture powder was compressed at 6-ton pressure in a hydraulic press
(Shimadzu, Japan) for 5 min for KBr disk preparation (Saifuddin et al.,
2017). The prepared disc for each extract was scanned at the resolution
4 (1/cm), from 4000to 500 with Happ- Genzel Apodization, and
observed eleven scanned peaks for the extract A_N, Thirty-Five for A_EA,
Twenty Nine for A_E, Fourteen for M_N, Twenty-Three for M_EA and
Eighteen Scanned peak for M_E. Functional groups were sorted out from
the IR Spectrum Table and Chart of Sigma-Aldrich (Socrates, 2004) for
natural products and Insta NANO FTIR database software (Grant-Peters
et al., 2022).

2.6. Gas Chromatography & Gas Chromatography -mass spectrometry
(GC & GCMS)

Gas Chromatography for each fractioned extract from A. villosus and
M. sinensis were performed with Restek 30 m X 0.25mmID X 0.25 um
Cat#14623 column, using Helium gas as mobile phase at 4.5 flow rate,
Detection method: FID; temperature 250 °C; Range: Bipolar, 10000 mV,
25 Samp. Per Sec at Analytical Laboratory, Wazed Mia Science Research
Centre, Jahangirnagar University, Saver, Bangladesh. After analyzing
Gas Chromatogram from all selected extract of A. villosus and M. sinensis,
we investigated GC-MS from a potential fractioned extract from
A. villosus and M. sinensis.

Ethyl acetate and ethanol extracts as the potential extracts from
A. villosus and M. sinensis were performed GC-MS analysis on Agilent
7000DGC/QT triple quadrupole GC/MS analyzer using Mass Hunter
software for compound identification at the School of Chemical Engi-
neering, Zhengzhou University, China. N-hexane fractioned has skipped
due to no peaks performed in GC analysis, which was conducted before
GC-MS for all fractioned extracts of A. villosus and M. sinensis. GC-MS
method was developed in-house (Bharat et al., 2017) where Gas Chro-
matograph (Agilent, USA 8890) with an i.d. (30 m x 0.25 mm) and 0.5
um film thickness capillary column HP-5 ms (Agilent USA, Serial no:
T562436H) was used at f scan mode (total) and split ratio 1:20 (split
injector mode was), Mass Selective Detector (MSD) was 5977C single
quadrupole, injector temperature 220° interface temperature 230° and
the injection volume was 1ul in GC-MS. As the carrier gas was Helium at
60 Kpa pressure, 1 ml/min flow rate. Mass spectra were detected at 70
eV. The programmed temperature was as follows: column temperature
was started from 60 °C (2 min holding) and linearly increased by 5 °C/
min to 130 °C (2 min holding); after that, it was raised by 4 °C/min to
200 °C (2 min holding); further, it was increased by 8 °C/ min. to 250 °C
(10 min holding). Total GC run time was 55 min.

2.7. Animal preparation

Two sets of young Swiss-albino mice (70 mice in each set) aged 4-5
weeks were procured from the Animal Research Division of the Inter-
national Centre for Diarrhoeal Disease and Research, Bangladesh
(ICDDR, B). Set one, average weight 22-26 g, was used for the OGTT
experiment, and set number two, average weight 25-29 g, was used
respectively for the observation of Serum creatinine and alkaline phos-
phatase in the same experiment. All animal biosafety and care protocols
were in accordance with as well as approved by the university ethical
committee. Mice were kept at a controlled humidity (50-70 %),
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temperature 25 + 1 °C, and Photo period of 12 h/12/h (light and dark
cycle) in the animal house of Jashore University of Science and tech-
nology for 10 days adaptation period after purchasing. During the
adaptation period, mice were fed a pallet diet, cucumber, and water as
their pleasure. In our research study, we used all the research animals
after getting the ethical approval certificate from the Ethical Review
Committee, Faculty of Biological Science and Technology, Jashore
University of Science and Technology, Jashore-7408, Bangladesh
(Ethical Approval Reference Number: ERC/FBST/JUST/2022-111;
Date: 13th February 2022).

2.8. Oral glucose tolerance test

Animals were modelled in 14 groups with group average weight
116-119 g (5 mice in each group) from Set One. For the oral glucose
tolerance test (OGTT) assessment, all groups were fasted overnight (13
h). The control group received only DW during gavaging, and the
Standard group received standard Glibenclamide (Commercial name
Dibenol) 5 mg/kg orally. Group A and Group B were treated with extract
of Mycetia sinensis n-Hexane (M_N) respectively by the dose of 250 mg/
kg and 500 mg/kg body weight. Group C and Group D were treated with
respectively the dose of 250 mg/kg and 500 mg/kg body weight of
M. sinensis Ethyl acetate (M_EA) extract; accordingly, Group E (250 mg/
kg) and Group F (500 mg/Kg) were treated with extract of M. sinensis
Ethanol (M_E), Group G (250 mg/kg) & Group H (500 mg/kg) were
treated with A. Villosus n-Hexane A_N) Extract, Group I (250 mg/kg),
and Group J (500 mg/kg) were treated with A. villosus Ethyl Acetate
(A_EA) extract. Group K & Group L were treated with Allophylus Villosus
Ethanol (A_E) in doses respectively 250 mg/kg & 500 mg/kg body
weight. After 30 min of gavaging of extracts & a standard dose of glucose
(3 kg/kg body weight) was administrated orally. After 0,30,60 and 90
mins of a glucose load, collected blood samples from the caudal vein of
mice and blood glucose levels were analysed by commercially available
blood glucose test strip from One call plus as well as using a glucometer
of one call plus (Designed by ACON Labs USA, made in China).

2.9. Serum creatinine & alkaline phosphatase test

Animals were modeled in 14 groups with D and were treated with
respectively the dose of 500 mg/kg and 250 mg/kg body weight of
Allophylus average age 127-133 gm (5 mice in each group) from Set
Two. For Assessment of Serum Creatinine, all groups were fasted over-
night (15 h). The control group was treated only DW during gavaging,
and the Standard Group received oral standard Glibenclamide (Com-
mercial name Dibenol) 5 mg/kg. Group A and Group B were treated with
extract of Allophylus Villosus n-Hexane A_N) respectively, by the dose of
500 mg/kg and 250 mg/kg body weight. Group C and Group D with
A. Villosus Ethyl Acetate (A_EA) extract; accordingly, Group E (500 mg/
kg) and Group F (250 mg/Kg) were treated with extract of Allophylus
Villosus Ethanol (A_E), Group G (500 mg/kg) & Group H (250 mg/kg)
were treated with Mycetia sinensis n-Hexane (M_N) Extract, Group I (500
mg/kg) and Group J (250 mg/kg) were treated with Mycetia sinensis
Ethyl acetate (M_EA) extract. Group K & Group L were treated with
Moycetia sinensis Ethanol (M_E) in the dose respectively 500 mg/kg & 250
mg/kg body weight. Glucose (3 kg/kg body weight) was administrated
orally after 30 min of gavaging of extracts & standard. After 120 mins of
a glucose load, (Ketamine/Xylazine for anaesthesia. 0.1 ml/ 20gm IP
dosage were administrated), blood samples were collected in a fresh vial
from a heart puncher (Rahmatullah et al., 2012a), and serum was
separated by centrifugation (4000 rpm for 15 min) (Grover et al.,
2003b). Serum creatinine was measured using a commercial kit (Cro-
matest creatinine kit) following the Jaffe method (Kiime et al., 2018) by
the Spectrophotometer (Ryto 9200 semi-auto analyzer at Health Garden
Diagnostic Centre) with 510 nm wavelength. From the same serum
source, Alkaline phosphatase was measured using a commercial kit
(Cromatest Alkaline Phosphatase kit) according to DGKC method (Gazor
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et al.,, 2017) by Spectrophotometer (Ryto 9200 semi-auto analyser at
Health Garden Diagnostic Centre) with 405 nm wavelength.

2.10. Computational analysis

2.10.1. Retrieval of phytocompounds and preparation

A final library of 43 phytocompounds was retrieved through GC-MS
study of two separate extracts of two selected plants. The separated
phytocompounds, as well as the control drug, isolated from PubChem
database (https://pubchem.ncbi.nlm.nih.gov/, accessed on the 26th of
April 2023) in SDF (spatial data file) format including tertiary 3D
structures. Using the LigPrep panel of the Maestro Application,
Schrodinger Suite Software (https://www.Schrodinger.com/product
s/maestro), the structures of all ligands were prepared. Utilizing the
OPLS3e force field and the Epik ionizer, the minimization process is
carried out at a typical P! range of 7.0 to (+/-2.0), having an RMSD of
1.0 and 32 conformers at most of the structure.

2.10.2. Pharmacokinetics analysis of phytocompounds

Several pharmacokinetic parameters of druggable molecules like the
experimental agonists, including absorption, distribution, metabolism,
excretion as well as toxicity, are predicted by using ADME/T to check
ADME parameters; every 43 ligands have been run through into the
Swiss ADME server (http://www.swiss.adme.ch/). After that, six ligands
out of the 43 ligands were subjected to toxicity characterization only
because those six substituents did not violate the Lipinski principle.
Using web-based technology, several putative antagonists’ toxicity was
probed through ‘pkCSM’ (http://biosig.unimelb.edu.au/pkesm/p
rediction) server. Six compounds were ultimately selected to undergo
additional computerized research as well as investigations.

2.10.3. Ligand activity prediction by QSAR analysis

The biological activity of the 6 phytochemicals was contrasted by
implementing the renowned server PASS (Prediction of Activity Spectra
for Substances) (http://www.way2drug.com/passonline) that forecasts
results depending on a substance’s structural makeup (Ban et al., 2018).
The possibility that a particular substance will be a member of that
substance’s inactive and active subgroups is predicted using the
Structure-Activity Relationship Base (SAR Base). The input was given in
SMILES (Simplified Molecular Input Line Entry System) format for the
phytochemicals structure. The Pi (probable inactivity) and Pa (probable
activity) were determined for each ligand. Consequently, only activities
involving diabetes were taken into account (Roos et al., 2019).

2.10.4. Calculation of quantum mechanics

The conformational study of ligands within the protein’s binding site
is essential for understanding their active conformation, binding affin-
ity, and strain discipline. To achieve this, a systematic approach is
adopted that integrates computational modelling and simulation tech-
niques. Results and Discussion emphasize the importance of conforma-
tional studies in understanding the active conformation and binding
affinity of ligands. However, the presence of metal ions in ligand—pro-
tein complex systems impedes accurate descriptions using traditional
molecular mechanics (MM) techniques (Friesner & Guallar, 2005). To
address these challenges, advancements in computational models are
needed. The ligand was minimized using Jaguar v-10.9's QM (quantum
machinal) calculation, which employed the density functional theory
(DFT) (Lu et al., 2016). B3LYP (Becke exchange functional) (Becke,
1988), which integrated 6-31 G (d,p) basis sets with Lee, Yang, and
Parrs (LYP) (Lee et al., 1988), was used to execute the DFT. For this
reason, we proceeded to perform DFT or QM calculations. Within the
DFT calculation framework, our focus was on analyzing the frontier
molecular orbitals, particularly the lowest unoccupied molecular or-
bitals (LUMOs) and highest molecular orbitals (HUMOs), as well as
energy gap between them. While the LUMO’s energies imply the mol-
ecule’s capability to take electrons from the protein, the HOMO’s energy


https://pubchem.ncbi.nlm.nih.gov/
https://www.Schr%c3%b6dinger.com/products/maestro
https://www.Schr%c3%b6dinger.com/products/maestro
http://www.swiss.adme.ch/
http://biosig.unimelb.edu.au/pkcsm/prediction
http://biosig.unimelb.edu.au/pkcsm/prediction
http://www.way2drug.com/passonline

M. Nur Kabidul Azam et al.

values provide insights into the ligand molecule’s ability to give elec-
trons. So, the frontier energies (¢) of LUMOs and HOMOs were used to
determine the hardness and softness of the chosen compounds. In
particular, the Koopmans theorem equation and the Parr and Pearson
interpretation were used to quantify the softness (s) and hardness (1) of
the drugs (Parr, 1980; Pearson, 1986). The concept of hardness in
chemistry refers to an atom’s resistance to charge transfer to another
atom or metal surface, while softness represents the atom’s ability to
accept electrons. The chemical hardness can be calculated using all
Equations, where I denote the ionization potential (-Egomo), A repre-
sents the electron affinity (-ELymo). A smaller value of hardness indicates
greater reactivity, while a larger value signifies lower reactivity.
Conversely, softness (S) measures the atom’s capacity to receive elec-
trons, and it is inversely related to hardness. The parameter n represents
the hardness. These equations provide a quantitative measure of reac-
tivity and electron acceptance capabilities for atoms and molecules,
offering valuable insights in chemical analysis and understanding. To
create various sensitivity indices, several subsequent formulae have
been utilized:

E, = Erymo — Eromo
IP = — Enomo

EA = 7ELUM0

(Erumo — Enomo)
2

(Erumo + Enomo)
2

S =
n
The ionization potential (Egomo) is referred to in Equation and
stands for electron affinity (ELymo). The equation described above states
that greater reactivity results from a lower hardness value and vice
versa. As opposed to S, this measures an atom’s capacity to accept
electrons, and n, which measures toughness.

2.10.5. Optimization of targeted protein and generation of receptor grid

The RCSB protein data bank (PDB) (https://www.rcsb.org/, accessed
on 27 October 2022) was used to retrieve the target protein in 3D
format. The target protein structure (PDB ID: 8B8Z and 3WY1) is used as
a receptor in molecular docking analysis (Biswas et al., 2023a;Jabin
et al.,2023; Shiau et al., 1998). After the file has been downloaded, the
Protein Preparation Wizard 12.5 that is included with the Maestro
Application (Schrodinger 2020-3 Schrodinger, LLC, New York, NY,
USA, 2020) was utilized in order to carry out the process of preparing
the protein. Prime has been selected for use in producing disulfide
bonds, generating zero-order bonds to metals, developing disulfide
bonds, and completing any remaining side chains and loops. In addition
to making use of the set cap termini and excluding waters having a
temperature greater than 5 then the heat groups, we additionally con-
ducted the Epic application (Schrodinger Release version 2020-3),
which was executed to produce thermal states with pH values ranging
from 7.0 to 2.0 (Al Azad et al., 2022; Ferdausi et al., 2022; Hasibuzza-
man et al., 2023; Sohel et al., 2023). At a pH level of 7.0, the hydrogen
bond was found in PROPKA, and the degradation was stopped at an
RMSD of 0.30 by limiting the exposure of heavy atoms with the use of
the refine tab and the OPLS3e force field. Subsequently, the receptor
grid was produced by centering attention on the active site’s point
provided by the protein’s endogenous ligand.

2.10.6. Site-Specific super molecular docking
Maestro (Schrodinger Release 2021-2: Maestro, Schrodinger, LLC,
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New York, NY, USA, 2023) was employed in the XP program, which
represents “‘extra precision “site-precision XP (extra precision) molecu-
lar docking analysis. Afterward completing XP (extra precision) molec-
ular docking analysis via Schrodinger Suite Software’s Maestro tool (htt
ps://www.Schrodinger.com/products/maestro), the PDB format of each
protein-ligand complex was obtained from post-viewing files of mo-
lecular docking trajectories. Finally, these protein-ligand compound
complexes were used for post-docking data visualization analysis to
study the non-bond interactions and measure their hydrophobic prop-
erties and bioactivity (Biswas et al., 2022b; Dey et al., 2022a; Dey et al.,
2022b; Khan et al., 2021).

2.10.7. Post-Docking visualization

After conducting the site-specific XP (extra precision) molecular
docking analysis by Schrodinger Release 2021-2: Maestro, Schrodinger,
LLC, New York, NY,2020-3), the combined PDB format of the targeted
protein and selected ligand compounds were extracted for post-docking
analysis (Arefin et al., 2021; Rahman et al., 2020b). The non-covalent
interactions (Hydrogen and Hydrophobic bonds) among the receptor-
ligand structural complexes were identified through Ligplot + version
2.2. The visualization tool is excellent due to the Java interface (Java SE
Runtime Environment 8u271), which only permitted concatenated PDB
files produced by the Maestro application. Additionally, the structural
binding compactness, non-polar and polar interaction bonds in com-
plexes, and other features were validated using Discovery Studio Visu-
alizer 64-bit (http://media.accelrys.com/downloads/visualize
r/45/DS45Client.exe).

2.10.8. Molecular dynamics simulation (MDS)

CID-6327703, CID-102506517, CID-441314(Control) and
CID:605775, CID:605777, CID:15764573, CID:91720824, and
CID:77999 (Control) were chosen as its two prospective ligand mole-
cules in to be tested for their uniformity for interacting to the targeted
Alpha Glucosidase (PDB ID: 3WY1) and Peroxisome proliferator-
activated receptor gamma (PPARG) (PDB ID: 8B8Z) protein model
respectively using 100 ns MD simulations for analyzing the thermody-
namic compatibility of the protein-ligand complexes, Schrodinger
“Desmond v3.6 Program” (https://www.Schrodinger.com/) (Paid
version) had been used within a Linux framework for perform molecular
dynamic simulations evaluating various protein-ligand complex struc-
tures. Using such a framework, the predefined TIP3P aqueous strategy to
establish a predetermined volume contains a periodic bounding box
shape with orthorhombic form divided through a space of 10 A. Rec-
ommended ions, such as 0+ and 0.15 M salt (Na+ and Cl-), have been
selected as well as dispersed at randomization across its chemical sol-
vent environment to neutralize electric power in its structure. After
building its solvency proteins structures containing agonist combina-
tions, the system’s framework subsequently reduced and comfortable
utilizing the protocol that applied force field constants OPLS3e included
inside the Desmond package. Every Isothermal-Isobaric ensemble (NPT)
assembly which utilized overall Nose-Hoover temperatures combina-
tions as well as its isotropic technique was contained around 300 K as
well as one atmospheric pressure (1.01325 bar) as well as was followed
by 50 PS grabbing pauses using an efficacy of 1.2 kcal/mol. The Simu-
lation Interaction Diagram (SID) from the Desmond modules of
Schrodinger Suite was used to assess the molecular dynamics simula-
tion’s fidelity. Molecular Surface area (MolSA), polar surface area (PSA),
Solvent-accessible surface area (SASA), protein-ligand interactions (P-
L) and intermolecular hydrogen bonds were utilized to evaluate the
stability of this protein-ligand complex (Arman Sharif et al., 2023; Paul
et al., 2022; Rahman et al., 2020a; Zilani et al., 2021).

2.10.8.1. Analysis of simulation trajectories. The Schrodinger Maestro
application version 9.5 was used to produce the Molecular Dynamics
Simulation images. The Simulations Interaction Diagram (SID) of the
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Desmond modules in the Schrodinger was utilized to explore the pro-
spective simulation scenario and assess the accuracy of the molecular
dynamic’s simulation. Molecular surface area (MolSA), polar surface
area (PSA), root-mean square deviation (RMSD), protein-ligand con-
tacts (P-L) and root-mean square fluctuation (RMSF) was used to con-
stancy of the protein-ligand complex structure based on the trajectory
effectiveness.

2.10.9. Post MDS thermal MMGBSA calculation

We utilized thermal_mmgbsa.py python package to approximate the
free energies of the complexes during the 100 ns simulation time. The
Desmond MD trajectory was divided into 20 individual frame pictures,
which were then ran via MMGBSA and then extracted the ligand from
the receptor.

3. Results
3.1. Total phenol content

Measured phenolic content for six extracts (M_N, M_EA, M E, A N,
A _EA, A E) were determined by using a standard calibration curve (Y =
0.0054X + 0.0079; R? = 0.9936) (Fig. S1A) and it was found to be the
dry extract were 16.31481481 mg for M. sinensis n-Hexane (M_N),
36.31481481 mg M. sinensis ethyl acetate (M_EA) & 11.5926 + 0.0926
mg M. sinensis ethanol (M_E); 30.2963 + 0.093 mg in A. villosus n- Haxen
(AN), 45.7593 mg in A. villosus Ethyl Acetate (A_EA) and 483.3519 +
4.4444 mg in A. villosus Ethanol (A_E) (Table 1) as gallic acid equiva-
lents/g.

3.2. Total flavonoid contents

Total flavonoid contents were concluded from the linear equation of
the quercetin standard curve (Y= = 0.0074X — 0.0029; R? = 0.9879)
(Fig. S1B). Total flavonoid contents were obtained for each of six ex-
tracts of M. sinensis and A. villosus were 175.5271 + 0.13514 mg in M_N,
40.324324 + 0.06757 mg in M_EA, 83.2298 + 0.00 mg in M_E, 176.946
+ 0.06757 mg in AN, 167.014 + 0.13514 mg in A_EA and 200.595 +
0.06757 mg in A_E (Table 1).

3.3. Fourier transform infrared spectroscopy (FTIR)

FTIR spectra of six extracts from M. sinensis and A. villosus scanned
number of peaks where M. sinensis N hexane (M_N) extract scanned 14
peaks with the area Table S1 (a) respectively extract of M. sinensis Ethyl
acetate (M_EA) scanned 23 peaks Table S1 (b), M. sinensis ethanol (M_E)
scanned 18 peaks Table S1 (c), A. villosus N-hexane (A_N) scanned 11
peaks Table S1 (d), A. villosus Ethyl Acetate (A_EA) scanned 35 peaks
Table S1 (e) and A. villosus Ethanol (A_E) scanned 29 peaks with the
area Table S1 (f). Estimated functional groups were evaluated from IR
Spectrum Table and chart for organic compounds (Socrates, 2004). All

Table 1
Total phenol and flavonoid content mg/g.

Plant Name Solvent Extract Total Phenolic Total Flavonoid
name Content mg/g Content mg/g
Mycetia n-Haxen MN 16.31481481 + 175.5271 +
sinensis 0.00 0.13514
Mycetia Ethyl M_EA 36.31481481 + 40.324324 +
sinensis Acetate 0.00 0.06757
Mycetia Ethanol ME 11.5926 + 0.0926 83.2298 + 0.00
sinensis
Allophylus n-Haxen AN 30.2963 + 0.093 176.946 +
Villosus 0.06757
Allophylus Ethyl A_EA 45.7593 + 0.00 167.014 +
Villosus Acetate 0.13514
Allophylus Ethanol AE 483.3519 + 4.444 200.595 +
Villosus 0.06757
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the scanned peaks have plotted weave lengths in six graphical images
(Fig. S2a-f).

3.4. GC-MS

After performing Gas Chromatography, as the potential extract for
GC-MS, ethyl acetate and ethanol extract from A. villosus and M. sinensis
were resulted where n-hexane extracts from both plants A. villosus and
M. sinensis have performed no peaks in GC analysis (Figure S 3).

In the GC-MS analysis of the Ethyl acetate extract of M. sinensis
performed 23 peaks (Fig. 1A) which were analysed in MassHunter
GC-MS peak area analysis & specified major compounds of the extract.
Among these 23 peaks, the software, MassHunter LibSearch was unable
to identify 12 compounds whereas it can be able to identify only 11
compounds with the names of compounds as well as Molecular Weight
(MW), Molecular formula, Retention Time (RT) and area (%) of a
compound. On the other hand, in a brief analysis by MassHunter Lib-
Search can be able to generate 3 extra retention times without peak area,
indicating a poor number of minor compounds as well as it can identify
the name, molecular weight and molecular formula of these 3 com-
pounds. According to the name, molecular weight, molecular formula,
area (%), and retention time of identified and unidentified compounds
were illustrated in Table S2 (a) for Ethyl acetate extract of M. sinensis.

Ethanol extract of M. sinensis performed 10 peaks (Fig. 1B) in GC-MS
analysis. All the peaks indicated the extract’s primary compound, and
LibSearch could identify their name, molecular weight, molecular for-
mula, retention time, and area (%), which was depicted in Table S2 (b).

Ethyl Acetate extract of A. villosus and Ethanol extract of A. villosus
performed respectively 13 and 10 peaks (Fig. 1C and Fig. 1D) where
LibSearch can able to identify all 13 compounds of Ethyl Acetate extract
of A. villosus Table S2 (c¢) and 6 compounds Table S2 (d) of Ethanol
extract of A. villosus with their name, molecular weight, molecular for-
mula, retention time and area(%), rest of 4 compounds of Ethanol
extract of A. villosus shows only retention time and area where the
molecular name, molecular formula, molecular weight are still unknown
to the LibSearch database of Agilent MassHunter analysis software for
GCMS.

3.5. Oral glucose tolerance test

After administering different doses of six extracts in nondiabetic
mice in 12 groups and a group was administrated standard drug for the
oral glucose tolerance test (OGTT), Glucose was administrated orally 30
min later except control group. At the 0 min of a glucose load, the first
cycle of blood glucose level was measured among the 14 groups, 2nd,
3rd, and 4th cycles of blood glucose level were monitored respectively
after 30 min, 60 min, and 90 min of glucose administration and gener-
ated results in mmol/L (MEAN =+ SD, n = 5) were described in Table 2,
the statistical difference in blood glucose level was observed. Significant
blood glucose reduction (p < 0.05) resulted at Grp C (M/EA 250 mg),
Grp D (M/EA 500 mg), Grp E (M/E 250 mg) Grp F (M/E 500 mg); Grp G
(A/N 250 mg); Grp I (A/EA 250 mg); Grp J (A/EA 500 mg); Grp K (A/E
250 mg); Grp L (A/E 500 mg) and Standard after 30 min of extract
administration and during O min of glucose load, as compared to the
mice receiving d/w (Control) Table S3(a).

After 30 min, 60 min, and 90 min of glucose administration, statis-
tical results of p-value, significant level, t statistics, and DF have been
shown in Table S3(b), Table S3(c), and Table S3(d) respectively, as
compared to the mice receiving d/w (Control).

After 30 min of glucose administration; statistical result according to
significance level, p-value, DF, t-test generated as group A (M. sinensis, n-
hexane extract 250 mg), Group F (M. sinensis, Ethanol extract 500 mg),
Group H (A. villosus, n-hexane extract 500 mg), Group J (A. villosus,
Ethyl acetate extract 500 mg), Group K (A. villosus, Ethanol extract 250
mg), and group L (A. villosus, Ethanol extract 500 mg), were insignificant
as compared to control group. The rest of the 6 groups were significant
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Fig. 1. GC-MS chromatogram figure A. Ethyl acetate extract of Mycetia sinensis; B. Ethanol extract of Mycetia sinensis; C. Ethyl acetate extract of Allophylus villosus; D.

Ethanol extract of Allophylus villosus.

as compared with the control group, Group B; Group C; Group D, Group
E, Group G & Group I (p < 0.05) as well as the standard group (p <
0.001) were significant After 60 min of glucose administration; statis-
tical result according to significance level, p-value, DF, t-test was

generated as the Group H (A. villosus, n-hexane extract 500 mg) and
Group K (A. villosus, Ethanol extract 250 mg were insignificant as
compared to the control group. The rest of the 10 groups (p < 0.05) and
the standard group (p < 0.001) were significant as compared to the mice
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Table 3

Statistical analysis of blood serum reduction compared with the control group.
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drug discovery process that helps in identifying the harmful effects of
compounds on animals, humans, and plants. In silico toxicology is a
branch of toxicity assessment that uses various methods to analyze
compounds’ toxicity (Raies & Bajic, 2016). Traditional drug discovery is
a time-consuming and expensive method since it relies on a range of
animal experiments to justify the compound’s toxicity (Bharadwaj et al.,
2021).In comparison to traditional drug discovery methods, computer-
aided toxicity testing offers a quick and economical way of screening
extremely toxic chemical compounds, reducing the number of biological
experimental experiments. Therefore, numerous servers such as
admetSAR 2.0, proTox-II, and pkcsm web server were used to determine
the harmful effects of a total of six compounds and presented in Table 5.

3.8.3. PASS online prediction for QSAR analysis

All 43 phytocompounds were evaluated for their potential ability to
hinder diabetes using PASS online tool (http://www.way2drug.com/p
assonline). The 6 phytocompounds were only chosen based on com-
bined activities such as anti-diabetic, alpha-amylase, and alpha-
glucosidase inhibitors. Higher Pa activities have medicinal efficacy as
well as experiment production potential. In our QSAR model analysis of
all the phytocompounds, we screened the best 6 phytocompounds by
utilizing the Pa cut-off value > 300 (greater or equal to 300) (Table 6). In
addition, PASS can help to lessen a molecule’s side effects even if it can’t
estimate the binding affinity for novel therapeutic targets. The selected 6
phytocompounds were taken for further analysis such as for site-specific
super molecular docking after evaluating ADMET results.

3.8.4. Quantum mechanics calculation

In the DFT calculations of Alpha Glucosidase protein (PDB ID: 3WY1)
protein, CID: 102506517, CID: 6327703, and CID: 441,314 (Control)
generated LUMO and HOMO energy scores of —0.321414, —0.210409
and —0.053081 a.u. and —0.244952, —0.069404 and —0.490206 a.u.
(Fig. 2 and Table 7). CID: 102506517, CID: 6,327,703 and CID: 441,314
(Control) generated HLG, hardness and softness score of 0.175548,
0.087774 and 11.39289539, 0.168792,0.084396 and 11.84890279, and
0.157328, 0.078664 and 12.71229533 a.u., respectively (Table 7). CID:
102,506,517 and CID:6327703 were chosen for further investigation
and compared with CID: 441,314 (Control) compounds. In addition,
Peroxisome proliferator-activated receptor gamma (PDB ID: 8B8Z), CID:
605775, CID: 605777, CID:15764573, CID: 91720824, and CID 77999
(Control) produced a HOMO and LUMO energy of —0.227911 and
-0.008276, —0.227033 and —0.005782, —0.25189 and —0.048864,
—0.25189 and —0.048354, —0.203625 and —0.034123 a.u respectively
(Fig. 3 and Table 7). CID:605775, CID:6095777, CID:15764573,
CID:91720824, and CID: 77,999 (Control) produced HLG, hardness and
softness energy of 0.219635,0.1098175 and 9.106016801,
0.221251,0.1106255 and 9.039507166, 0.203026, 0.101513 and
9.85095505, 0.203536,0.101768 and 9.82627152, 0.169502,0.084751
and 11.79927081, respectively (Table 7).

3.8.5. Site-Specific molecular docking and Post-Docking visualization
Selected Phytocompounds from chosen species M. sinesis & A. villosus
that interact with the Alpha Glucosidase (PDB ID: 3WY1) and Peroxi-
some proliferator-activated receptor gamma (PDB ID:8B8Z) proteins
were found through molecular docking method using Maestro package
platform. The Maestro program provided the best docking score be-
tween ligands and macromolecules. For Alpha Glucosidase (PDB ID:
3WY1) protein, the Control ligand Miglitol (CID: 441314) was used in
this investigation, and it obtained —7.42 Kcal/mol binding affinity. The
ligand, Phenyl isocyanide, 4,4-methylenebis performed the best accu-
rate score of —7.88 Kcal/mol, and the potential bioactive Phyto-
compounds, such as Diazo acetic acid (1S,2S,5R)-2-isopropyl-5-meth-
yleyclohexyl ester exhibited the best docking value —7.73 Kcal/mol
which are represented in Table 8. In addition, the control ligand Rosi-
glitazone (CID:77999) was used for Peroxisome proliferator-activated
receptor gamma (PDB ID; 8B8Z) protein and obtained —9.43 Kcal/mol
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Table 4
Statistical analysis of N-hexane, Ethyle acetate, and Ethanol extract of Allophylus villosus and Mycetia sinensis, respectively, for serum alkaline phosphatase.
Con Stan GRP. GRP. GRP. GRP. GRP. GRP. GRP. GRP. GRP.I GRP. GRP. GRP.
trol Dard A B C D E F G H (M. J K L
(Glibenclamide) (A.N) (A.N) (A. (A. (A.E) (A.E) (M.N) (M.N) EA) (M. (M. (M.
EA) EA) EA) E) E)
(500 250 500 250 500 250 500 250 500 250 500 250
mg mg/ mg/ mg/ mg/ mg/ mg/ mg/ mg/ mg/ mg/ mg/
/kg kg kg kg kg kg kg kg kg kg kg kg
Mean 482. 393. 403. 278. 369. 517. 413. 530. 414. 426. 281. 334. 291 335.
+SD 096 646 586 65 602 1436 533 073 2+ 156 3204 52 0.50 43
+152. +59. + + + + + + 112. + + 24 48 4+
7567 2564 125. 152. 80.29 119. 119. 110. 85 181. 131. + + 139
14 23 004 004 45 51 385 95. 191. 0.810
76 76
P-value 0.12 0.2 0 0.0 0.33 0.25 0.2 0.2 0.3 0 0 0 0
48 02 80 80 87 82 28 13
41 70 15 15 17 93 52 45
1 5 3 2 6
Significance 87. 79 100 % 91.9 66.2 74. 71. 77. 68. 100 100 100 100
level 5% 0.7 8% 0% 13% 71 % 15 % 65 % % % % %
%
Table 5

ADMET analysis and profiling of physiochemical and pharmacokinetics properties of selected for ligands for Alpha Glucosidase protein (PDB ID: 3WY1) and

Peroxisome proliferator-activated receptor gamma (PDB ID: 8B8Z).

Ligands for Alpha Glucosidase protein (PDB ID: 3WY1)

Compounds Details

Physicochemical Properties

Pharmacological Properties

Mow HAc HD NRB MoR SA NLV DL 1A BBB TC AT LDsq HT MTD
CID:6327703 (Phenyl isocyanide, 220.27 2 0 2 71.82 100.788 0 Yes 89.503 No 0.82 Yes 2712 No 0.647
4,4-methylenebis) g/mol
CID:102506517 (Diazo acetic acid 224.30 4 0 4 62.62 96.605 0 Yes 96.903 No 0.284 No 2.766 No 0.469
(1S,28,5R)-2-isopropyl-5- g/mol
methylcyclohexyl ester)
CID:441314 (Control) (Miglitol) 207.22 6 5 3 51.08 82.019 0 Yes 41.462 No 0.815 No 2.257 No 2.239
g/mol
Ligands for Peroxisome proliferator-activated receptor gamma (PDB ID: 8B8Z)
CID: 605,775 (Pentanedioic acid, 320.42 4 1 8 92.67 138.406 0 Yes 95.904 No 0.795 No 2.495 No 0.264
(2,4-di-t-butylphenyl) monoester) g/mol
CID: 605,777 (2,4-Dit-butylphenyl 5- 306.44 3 1 8 92.06 134245 O Yes 93.965 No 0.91 No 2,511 No —-0.192
hydroxypentanoate) g/mol
CID:15764573 (Phthalic acid, di(oct- 390.56 4 0 16 116.30 170.550 1 Yes 91.726 No 1.989 No 1.6 No 1.362
3-yl) ester) g/mol
CID:91720824 (Phthalic acid, 6- 390.56 4 0 16 116.30 170.550 1 Yes 91.146 No 1.721  No 1.298 No 1.278
methylhept-2-yl octyl ester) g/mol
CID:77999 (Control)(Rosiglitazone) 357.43 4 1 7 101.63 150.126 0 Yes 93.757 No 0.107 No 2.692 Yes 0.066
g/mol

*ADMET: absorption, distribution, metabolism, excretion, and toxicity; IA: Intestinal absorption; HD: No. of hydrogen bond donor; HAc: No. of hydrogen bond
acceptor; MW: molecular weight; TC: total clearance; NLV: No. of Lipinski’s rule violations; DL: drug-likeness; MTD; maximum tolerated dose for a human, log mg mg/
(kg.day); SA: surface area; AT: ames toxicity; MoR: Mol. Refractivity, BBB; blood brain barrier.

binding affinity. The ligand, Phthalic acid, 6-methylhept-2-yl octyl ester
acquired the best binding score of —9.58 Kcal/mol, and the other po-
tential bioactive Phytocompounds, such as Phthalic acid, di (oct-3-yl)
ester, Pentanedioic acid, (2,4-di-t-butylphenyl) monoester and 2,4-Dit-
butylphenyl 5-hydroxypentanoate displayed docking score of —9.25,
—8.5, —8.48 Kcal/mol respectively and are shown in Table 8.

BIOVIA Discovery Studio Visualizer tool and Ligplot + version 2.2
was used to observe molecular interaction between selected ligands and
targeted protein. All docked complexes were inputted into Ligplot +
version 2.2, and the molecular interactions (Hydrogen and Hydrophobic
bond) were calculated and shown in Figs. 4, 5, and Table 8.

3.8.6. Analysis of molecular dynamics simulation (MDS) trajectories
Molecular dynamics simulations (MDS) aid in the determination of
the conformational strength of molecules and atoms by exhibiting the
system at an atomistic scale. The MD simulation is an excellent and
unique approach to determining the stability of a ligand in a targeted
protein macromolecule. In this case, a 100 ns MD simulation was

employed to examine the complex structure of the compounds that had
been chosen. This was done to see how well the ligands could bind to the
protein and the active site cavity of the protein. The results of MD
simulation have been described based on RMSF, RMSD, MolSA, SASA,
PSA, intramolecular hydrogen bonds (Intra HB), and protein-ligand
contact analysis (P-L contact).

3.8.6.1. RMSD analysis. The root means square deviation (RMSD) of a
protein-ligand complex system enables the determination of the average
distance caused by a chosen atom’s dislocation over a specified period. It
is mostly the square root of the mean of squared errors that are used to
figure out how much difference there is between two values (observed
value and estimated value). The mean or average value changes from
one frame to another with a range order of 1-5 A or 0.1-0.5 nm is
permissible, while a value outside the acceptable range indicates a sig-
nificant conformational shift in the protein. The RMSD of the drug
candidate Compound CID-102506517 (blue), CID-6327703 (orange),
and the Control Drug (CID-441314) (ash) complex structure have been
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The QSAR result of selected phytocompounds and control ligands for bioactivity prediction for Peroxisome proliferator-activated receptor gamma (PDB ID: 8B8Z)

protein and Alpha Glucosidase Protein (3WY1).

Ligands for Peroxisome proliferator-activated receptor gamma (PDB ID: 8B8Z)

PubChem ID Compounds Name Pa Pi Activity
CID-91720824 Phthalic acid,6-methylhept-2-yl octyl ester 0,497 0,058  Glucan endo-1,3-beta-D-glucosidase inhibitor
0,363 0,020 Glucan 1,4-beta-glucosidase inhibitor
0,342 0,125  Diabetic neuropathy treatment
CID-15764573 Phthalic acid, di (oct-3-yl) ester 0,655 0,017 Glucan endo-1,3-beta-Glucan endo-1,3-beta-D-glucosidase
inhibitor
0,616 0,031 Glucan endo-1,6-beta-glucosidase inhibitor
0,506 0,007 Glucan 1,4-beta-glucosidase inhibitor
0,320 0,029 Prunasin beta-glucosidase inhibitor
CID-605777 2,4-Dit-butyl phenyl 5-hydroxy pentanoate 0,642 0,019  Glucan endo-1,3-beta-D-glucosidase inhibitor
0,576 0,004 Glucan 1,4-beta-glucosidase inhibitor
0,354 0,095 Glucan endo-1,6-beta-glucosidase inhibitor
0,318 0,030 Antidiabetic symptomatic
0,368 0,081  Diabetic neuropathy treatment
CID-605775 Pentanedioic acid, (2,4-di-t-butyl phenyl) monoester 0,323 0,026  Alpha-amylase inhibitor
CID-77999(Control) Rosiglitazone 0,955 0,004 Antidiabetic
Ligands for Alpha Glucosidase (PDB ID: 3WY1)
CID-102506517 Diazoacetic acid (1S,2S,5R)-2-isopropyl-5-methyl cyclohexyl 0,472 0,069  Glucan endo-1,3-beta-D-glucosidase inhibitor
ester
CID-441314 (Control) ~ Miglitol 0,486 0,007  Alpha-amylase inhibitor
0,375 0,007 Beta-amylase inhibitor
0,330 0,009 Isoamylase inhibitor

compared with the protein human alpha-glucosidase (PDB ID: 3WY1) to
observe the changes of the order, as shown in Fig. 6 (A). The RMSD for
two compounds was in a range between 1.2 A and 3.7 A with slight
fluctuations that were perfectly acceptable compared to the structure of
the native protein, and for the control drug, the fluctuation range was
1.2 A to 6.0 A. Similarly, in Fig. 6 (B), the RMSD of drug candidate
Compound CID-605775 (blue), CID-605777 (orange), CID-15764573
(ash), CID-91720824 (yellow), and the Control Drug CID-77999 (light
blue) with the protein activated transcription factor (PDB ID: 8B8Z) has
been calculated. The average root means square deviation (RMSD) for
the drug candidate Compound CID-605775 (blue), CID-605777 (or-
ange), CID-15764573 (ash), CID-91720824 (yellow), and the Control
Drug CID-77999 (light blue) was between 1.3 and 5.7 A.

3.8.6.2. RMSF analysis. The RMSF is essential for monitoring local
protein changes because it computes the average change detected across
a large number of atoms and assesses the displacement of a specific
atoms in comparison to the reference structure. This numerical calcu-
lation is similar to root mean square deviation and is significant for
protein characterization because it may be used to evaluate the flexi-
bility and fluctuation of the residues throughout the simulation (Rah-
man et al., 2022; Sarker et al., 2022). Consequently, the RMSF values of
the experimental drug candidate Compound CID-102506517 (blue),
CID-6327703(orange), and the Control Drug (CID-441314) (ash) in
complex with human alpha-glucosidase (PDB ID: 3WY1) were calculated
in order to analyze the alteration in protein structural flexibility caused
by the attachment of the selected ligand compounds to a specific re-
sidual position, as illustrated in Fig. 6(C). Additionally, the RMSF values
of the selected drug candidate Compound CID-605775 (blue), CID-
605777 (orange), CID-15764573 (ash), CID-91720824 (yellow), and
the Control Drug CID-77999 (light blue) with the protein activated
transcription factor (PDB ID: 8B8Z) are illustrated in Fig. 6(D).

It was revealed that the most rigid secondary structural components,
such as alpha-helices and beta-strands, have a minimum observation
rate ranging from total amino acid residues of these targeted two pro-
teins. Since the protein has both N- and C-terminal domains, most of the
protein’s variation may be found at these points. Consequently, it can be
determined that the displacement of a single atom has a low fluctuation
probability in the simulated environment for the ligand compounds
under investigation, as shown in Fig. 6(C) and (D).

11

3.8.6.3. The radius of gyration (Rg) analysis. A protein-ligand interac-
tion complex’s radius of gyration may be defined as the arrangement of
its atoms around its axis. Rg calculation is one of the most essential in-
dicators to look for when predicting a macromolecule’s structural
functioning since it exhibits changes in complex compactness over
simulation time.

As a result, as shown in Fig. 7 (A), the stability of the drug candidate
Compound CID-102506517(blue), CID-6327703(orange), and the Con-
trol Drug (CID: 441314) (orange) in interaction with the target protein
was studied in terms of Rg throughout a 100-ns simulation duration. The
average Rg values for the drug candidate Compound CID-102506517
(blue), CID-6327703(orange), and the Control Drug (CID-441314)
(ash) with the protein human alpha-glucosidase (PDB ID: 3WY1) were
calculated at 2.5, and 3.9, suggesting that when the ligand was bound,
the protein’s binding site did not go through significant structural
modifications.

In Fig. 7(B), the stability of the drug candidate Compound CID-
605775 (blue), CID-605777 (orange), CID-15764573 (ash), CID-
91720824 (yellow), and the Control Drug CID-77999 (light blue) with
selected protein activated transcription factor (PDB ID: 8B8Z) were
calculated; the values were 3.7, and 6.1, showing that the protein’s
binding site does not undergo major structural change upon binding the
selected ligand compounds.

Additionally, oxygen and nitrogen are the only atoms that contribute
to the polar surface area (PSA) of a structure. Here, all the drug candi-
date Compound CID-102506517 (blue), CID-6327703(orange) and the
Control Drug (CID-441314) (ash) with the targeted proteins human
alpha-glucosidase (PDB ID: 3WY1) and the drug candidate Compound
CID-605775 (blue), CID-605777 (orange), CID-15764573 (ash), CID-
91720824 (yellow), and the Control Drug CID-77999 (light blue) with
the targeted proteins activated transcription factor (PDB ID: 8B8Z) dis-
played a strong PSA value with the targeted protein (Fig. 8C and D),
respectively.

3.8.6.4. Evaluation of intramolecular bonds. During 100 ns simulation
period, the protein complexed with selected ligands and their intermo-
lecular interactions have been explored using the “Simulation In-
teractions Diagram (SID)”.These interactions (or ‘contacts’) of the drug
candidate Compound CID-102506517 (blue), CID-6327703(orange),
and the Control Drug (CID-441314) (ash) with the targeted proteins
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Ground State First Excited Energy

A

‘ Band Gap )
0.175548 a.u

E (HOMO) = 0.244952 E (LUMO) = -0.069404

B

Band Gap
<_0.168792 a.u >

E (HOMO) = -0.490206 E (LUMO) = -0.321414

C

‘ Band Gap )
0.157328 a.u

E (HOMO) = -0.210409 E (LUMO) = -0.053081

Fig. 2. The HOMO and LUMO energy score and structure of the 2 docked compounds were compared with control drug (C) for Alpha Glucosidase protein (PDB ID:
3WY1) protein.
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HOMO-LUMO, Softness and Hardness Studies of the selected two Compounds and control drug for Alpha Glucosidase protein (PDB ID: 3WY1) protein.

Ligands for Alpha Glucosidase (PDB ID: 3WY1)

Molecules (chair) ¢HOMO eLUMO Gap H (Hardness, Gap/2) S (Softness, 1/Hardness)
CID-102506517 —0.244952 —0.069404 0.175548 0.087774 11.39289539
CID-6327703 —0.490206 —0.321414 0.168792 0.084396 11.84890279
CID-441314 (Control) —0.210409 —0.053081 0.157328 0.078664 12.71229533

Ligands for Peroxisome proliferator-activated receptor gamma (PDB ID: 8B8Z)

CID-605775 —0.227911 —0.008276 0.219635 0.1098175 9.106016801
CID-605777 —0.227033 —0.005782 0.221251 0.1106255 9.039507166
CID-15764573 —0.25189 —0.048864 0.203026 0.101513 9.85095505
CID-91720824 —0.25189 —0.048354 0.203536 0.101768 9.82627152

CID-77999 (Control) —0.203625 —0.034123 0.169502 0.084751 11.79927081

human alpha-glucosidase (PDB ID: 3WY1) and Compound CID-605775
(blue), CID-605777 (orange), CID-15764573 (ash), CID-91720824
(yellow), and the Control Drug CID-77999 (light blue) with the tar-
geted proteins activated transcription factor (PDB ID: 8B8Z) have been
described and displayed in Fig. 9 and Fig. 10. All compounds generated
various intermolecular connections via hydrophobic, Water Bridge,
hydrogen, and ionic bonds and maintained these connections until the
simulations concluded, allowing the formation of a stable binding with
the targeted protein.

3.8.7. Post MDS thermal MMGBSA calculation

For Alpha Glucosidase (PDB ID: 3WY1) MM-GBSA calculations of the
chosen compounds CID: 102506517, CID:6327703 and CID: 441,314
(Control) generated negative MM-GBSA AG bind (NS) scores of —51.58,
—80.43 and —57.84 Kcal/mol, respectively and for PRARG (PDB ID:
8B8Z) compound CID: 605775, CID:605777, CID:15764573, CID;
91,720,824 and the control drug (CID:77999) produced the negative
MM-GBSA AG bind (NS) score of —97.86, —128.61, —107.71, —113.26
and —117.99 respectively. Furthermore, the analysis of binding free
energy values for each docked complex of 3WY1-ligands and 8B8Z-li-
gands revealed the performance of AG Bind vdW (Van der Waal’s
interaction energy), AG Bind lipo (Lipophilicity energy), AG Bind
Coulomb (Coulomb energy) in the complex stability. These results
examined the strong binding of target compounds such as CID:6327703,
CID: 102,506,517 in contrast to control drug (CID: 441314) of Alpha
Glucosidase (Fig. 11A) and CID: 605775, CID: 605777, CID: 15764573,
CID: 91720824, by comparison the control drug (CID: 77999) of
(Fig. 11B).

4. Discussion

Rangamati Hill track area in Bangladesh is habitat of several indig-
enous people, of whom 49 % prefer self-made medicine to prescriptions
from authorized doctors (Saha et al., 2022). As a potential alternative to
pharmacological products, plant-derived compounds are increasingly
gaining attention for their low side effects (Fatima et al., 2021). Indig-
enous medicine utilizes 80 % of associated medicinal plants (Fabricant &
Farnsworth, 2001). M. sinensis and A. villosus are traditionally used to
treat diabetes and hepatitis in the Chakma community. This study aims
to investigate important phyto-chemicals such as alkaloids, flavonoids,
phenols, carbohydrates etc., that could treat diabetes and related dis-
eases (Bhat, 2021a).

A range of solvents with varying degrees of polarity, including n-
hexane, ethyl acetate, and ethanol, were used in our study to extract
compounds of unknown types (Altemimi et al., 2017; Doughari, 2012;
Pandey & Tripathi, 2014). We obtained six extracts (three from each
plant; M. sinensis and A. villosus) to determine flavonoid and phenol
contents (Feudjio et al., 2020). According to other previous research,
usually, ethanol extracts have a higher phenolic content than other
solvent residues (Babbar et al., 2014; Nakamura et al., 2017) in A.vil-
losus; as new findings, we have noticed that the phenolic content of ethyl

acetate extract of M. Sinensis surpassed rest of the two extracts. Addi-
tionally, n-hexane fractions surpassed ethyl acetate fractions in
M. sinensis and A. villosus for flavonoid contents. Both, Phenolic and
flavonoid compounds are capable in glucose homeostasis mechanism
(Al-Ishaq et al., 2019; Deka et al., 2022) as well as performed inhibitory
activities on alpha glucosidase and PPAR-y (Proenca et al., 2017; Salam
et al., 2008; Swargiary et al., 2023).

Table S1a-f, presents the FTIR analysis results of the extracts, It were
observed that the N-hexane extract of M. sinensis corresponding to
phenol’s O—H bending, aromatic compounds’ C—H bending, esters and
aldehydes’ C=O stretching, carbon dioxide’s O—C=O stretching, car-
boxylic acids’ O—H stretching, aldehyde and alkane stretching, amine
salt stretching, and carboxylic acid and alcohol stretching. A variety of
functional groups were found in the peaks of ethyl acetate and ethanol
extracts, including phenols, alcohols, amines, aromatic compounds,
§-lactones, primary and secondary amines, amine salts, alkyl aryl ethers,
esters, carboxylic acids, and nitro compounds. Moreover, the extracts of
A. villosus in hexane, ethyl acetate, and ethanol represent different
phytochemical groups / functional groups, including carboxylic acids,
amines, amides, sulfur derivatives, polysaccharides, organic hydrocar-
bons, and halogens, play a significant role in their medicinal properties
(Maobe et al., 2021). These phytochemicals have been reported to have
a high efficacy in hypoglycemic and hepatic function, making them
potential therapeutic agents for the treatment of diabetes (Lu et al.,
2010).

In previous investigations of GC we have found number of peaks for
ethyl acetate and ethanol extract where n- hexane fractioned extracts for
both plants haven’t performed any significant peaks. Considering the
previous analysis of GC we have decided to skip n- hexane fractioned
extracts for further investigation on GC-MS. GC analysis of n- hexane
fractioned extract for Allophylus villosus and Mycetia sinensis have shown
in figure S3 which reported only the solvent, on the other hand, GC
report of ethyl acetate and ethanol fractioned extract leads us to further
investigation on GC-MS. Allophylus villosus chromatogram has plotted in
figure S3 (a) where figure S3 (b) represent the peak of Mycetia sinensis,
both of the plants performed only solvents of n-hexane and ethanol. As
the better investigation, GC-MS chromatographic analysis was con-
ducted to identify phytochemicals with the potential to treat diabetes
(Dada-Adegbola et al., 2022; Tittikpina et al., 2022). Therefore, we
conducted GC-MS analysis to identify the phytochemicals, along with
their molecular masses, molecular formulas, and chemical identities,
from ethyl acetate and ethanol extracts of M. sinensis, and A. villosus. A
total of 24 chemicals were identified in M. sinensis extracts, whereas 19
were identified in A. villosus extracts. In both ethyl acetate and ethanol
extracts of M. sinensis, diazo acetic acid, 2-isopropyl-5-methylcyclohexyl
ester, tetraethyl silicate, and phthalic acid, 6-methylhept-2-yl octyl
ester, were commonly found. Both ethyl acetate and ethanol extracts of
A. villosus contained diethyl-borinic acid, trichloromethane, tetraethyl
silicate, pentanoic acid, 5-hydroxy-, and 2,4-di-t-butylphenyl esters. As
these phytochemicals are identified, they can be explored further for
their therapeutic properties as well as their potential to be developed
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Ground State First Excited Energy
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Fig. 3. The HOMO and LUMO energy score and structure of the 4 docked compounds were compared with control drug (E) for Peroxisome proliferator-activated
receptor gamma (PDB ID: 8B8Z).
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The binding affinity between macromolecule Alpha Glucosidase (PDB ID: 3WY1) and selected phytocompounds and control drug. The intermolecular interaction

between them and their binding affinity.

Ligands for Alpha Glucosidase (PDB ID:3WY1)

Ligands PubChem CID  Compounds Name Docking Score

Amino Acid Involved Interaction

Number (Keal/mol) Hydrogen Bond Hydrophobic Bond Interaction
Interaction

CID: 6,327,703 Phenyl isocyanide, 4,4-methylenebis —7.88 Val102, Tyr65, Asp202, Asp333, Arg400, Gly228, Phe297,

Glu271, Phel66, Thr203, His105
CID:102506517 Diazo acetic acid (15,2S,5R)-2-isopropyl- -7.73 Glu271-2.96 f\, Arg400, Asp333, Phel66, His105, Asp202, Thr203, Gly273,
5-methylcyclohexyl ester Arg200-2.97 A Phe206

CID:441314 (Control) Miglitol —7.42 Arg200-2.99 A, Asp333, His332, Tyr389, Ile146, Glu271, Gly273, Thr203,

Arg200-2.83 A, Tyr65

Ligands for Peroxisome proliferator-activated receptor gamma (PDB ID: 8B8Z)

Arg400-3.16 A,
Gly228-2.94 A,
Gly228-3.21 A,
Asp202-2.63 A

CID: 91,720,824 Phthalic acid, 6-methylhept-2-yl octyl —9.58
ester

CID: 15,764,573 Phthalic acid, di(oct-3-yl) ester —9.25

CID: 605,775 Pentanedioic acid, (2,4-di-t- -8.5
butylphenylO mono-ester

CID:605777 2,4-Dit-butylphenyl 5- —8.48
hydroxypentanoate

CID:77999 Rosiglitazone —7.42

(Control)

Ser342-3.23 A,
Ser342-3.14 A

His266, Gly284, Phe287, Phe264,

Arg288, Leu330, 11e326, Met329, Ala292, Ile341, 11e281,
Ala285
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into new drugs (Proestos & Komaitis, 2013; Proestos et al., 2006).
Furthermore, both plant extracts were evaluated for their bioactivity
regarding oral glucose tolerance, serum creatinine, and serum alkaline
phosphatase.

Following the protocol of Bari et al., 2020 (Bari et al., 2020), 14
groups of Swiss albino mice were tested for oral glucose tolerance. As
part of this study, every group was given extracts of M. sinensis and
A. villosus, including n-hexane, ethyl acetate, and ethanol extracts of
various doses from comparison with control. There was a significant
difference between the experimental and control groups regarding blood
glucose levels, indicating the extracts were effective (Benedé-Ubieto
et al.,, 2020) as well as the glucose inhibition percentages were
remarkable (Figure S4). Significant reductions were observed in groups
receiving 250 mg/kg doses of all extracts after 30 min, whereas groups
receiving 500 mg/kg doses showed significant reductions after 60 min.
Compared to the 250 mg/kg dose and the initial value, the 500 mg/kg
dose showed a more pronounced antihyperglycemic effect. Both plant
extracts were shown to be significantly anti-hyperglycemic overall.
Amino acids, polysaccharides, flavonoids, phenolic, alkaloids, couma-
rins, inorganic ions, and guanidine’s, among other secondary metabo-
lites, have been found to be anti-hyperglycemic by (Zilani et al., 2018).
In the tested extracts, phenols, flavonoids, and other phytochemicals
may improve glucose homeostasis and B-cell function (Fenercioglu
et al., 2010).

As the diabetes complications for Kidneys and liver, in this study,
blood serum creatinine levels were examined for the 14 groups, and
results were significant (p <=0.05) for all groups except Group A, Group
E, Group K, and Group L. The creatinine test does not show a significant
effect of Glibenclamide (Erejuwa et al., 2010). The standard group also
showed insignificant results in this study compared to the control group,
suggesting that anti-hyperglycemic actions may sometimes be accom-
panied by side effects (Erejuwa et al., 2010). Despite this, A. villosus and
M. sinensis extracts performed well among the 12 treatment groups, and
the results suggest that these extracts do not adversely affect kidney
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function. In addition, serum alkaline phosphatase levels were assessed in
12 different treatment groups using M. sinensis and A. villosus extracts.
Significant results were observed in Groups B, I, J, K, and L. The [ and J
groups were administered 500 mg and 250 mg of ethyl acetate extracts
of M. sinensis, respectively, while the K and L groups received 500 mg
and 250 mg of ethanol extracts, respectively. Previously, n-hexane-
derived extracts from A. villosus have been found to have significant
hepatoprotective effects (Gazor et al., 2017). This study explored the
phytochemical composition, anti-hyperglycemic activity, and effects of
A. villosus and extracts on the kidney and liver. Besides exhibiting sig-
nificant anti-hyperglycemic effects, the extracts also showed normal
serum creatinine levels, indicating that they did not adversely affect
renal function. The extracts also significantly reduced serum alkaline
phosphatase levels, indicating hepatoprotective effects. The observed
bioactivities may be mediated by various phytochemicals, including
flavonoids and phenolic compounds. Therefore, A. villosus and
M. sinensis can be used to develop antidiabetic agents with favorable
safety profiles. The active compounds are responsible for these benefi-
cial effects have been investigated in further research through in-silico
approaches.

In recent times, in silico drug design plays an important role in the
drug development process. It reduces the cost of identifying potential
drug candidates by lowering the usage of animal models in pharma-
ceutical experiments by analyzing multiple techniques. These tech-
niques include homology, visualization, molecular docking, and
molecular dynamics study (Brogi et al., 2020; Wadood et al., 2013).
High-quality drug candidates can be produced by analyzing the data
obtained from multiple techniques used in silico drug development.
However the current drug development process is highly costly and
generally faces many unwanted failures in various stages. The scarcity of
safety and effectiveness is the main reason for failure, which is usually
associated with absorption, distribution, metabolism, excretion, and
toxicity properties. For this purpose, ADMET profiling is used for rapid
ADMET test of the selected compounds to reduce the failure of the drug
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Fig. 4. Post docking Protein-Ligand interaction between Alpha Glucosidase (PDB ID: 3WY1) and selected phytocompounds and control ligands. On the left 3D figures
and on the right 2D figures remain. A) 3WY1-CID:102506517B) 3WY1-CID:6327703C) 3WY1-CID:441314 (Control Drug).

development process (Biswas et al., 2022a; Dong et al., 2018; Hasan
et al., 2022a; Hasan et al., 2022b). Forty-three compounds were ob-
tained from M. sinensis & A. villosus, of which eight compounds,
including six selected compounds and two control, the ADMET proper-
ties are computed by web-based servers such as SwissADME and pkCSM
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detailed in Table 5.

Quantum Mechanics has been utilized for further assessment of small
molecules. In this case, HOMO and LUMO aid in understanding kinetic
stability and chemical reactivity. HOMO-LUMO gap energy calculations
were done in order to measure molecular forcefulness. All the substances
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Fig. 5. Post docking Protein-Ligand interaction between Peroxisome proliferator-activated gamma (PDB ID: 8B8Z). On the left 3D figures and on the right 2D figures
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Fig. 6. (A) The graphs show the RMSD values for the three ligand molecules in complex with the targeted protein human alpha-glucosidase (PDB ID: 3WY1) in 100
ns MDS assessments, where the selected three ligands, the candidate Compound CID-102506517, CID-6327703 and the Control Drug (CID-441314) is associated with
the protein are exhibited by blue, orange and ash color. and (B) The graphs show the RMSD values for the five ligand molecules in complex with the targeted protein-
activated transcription factor (PDB ID: 8B8Z) in 100 ns MDS assessments, where the selected five ligands, the Compound CID-605775, CID-605777, CID-15764573,
CID-91720824, and the Control Drug (CID-77999) is associated with the protein are exhibited by blue, orange, ash, yellow and light blue color (C) The RMSF values
for the three ligand molecules in complex with the targeted protein human alpha-glucosidase (PDB ID: 3WY1) in 100 ns MDS assessments, where the selected three
ligands, the candidate Compound CID-102506517, CID-6327703 and the Control Drug (CID-441314) is associated with the protein are exhibited by blue, orange and
ash color. (D) The RMSF values for the five ligand molecules in complex with the targeted protein-activated transcription factor (PDB ID: 8B8Z) in 100 ns MDS
assessments, where the selected five ligands, the Compound CID-605775, CID-605777, CID-15764573, CID-91720824, and the Control Drug (CID-77999) is asso-
ciated with the protein are exhibited by blue, orange, ash, yellow and light blue color. (For interpretation of the references to color in this figure legend, the reader is
referred to the web version of this article.)

have more significant than 0.15 gap energy, indicating dynamically When a protein is in a complex with ligands, molecular dynamic
opposed to undertake a chemical reaction, and are called bioactive modeling can be used to ensure the compactness of the protein-ligands
components. Molecular docking is used to anticipate the binding complexes. Additionally, it is capable of determining the stability of
configuration of the ligands centrally located to the protein and the protein-ligand complexes in a given environment, such as the human
association between protein and ligands. Maestro program was used to body. There is a way to figure out how stable the compound is by looking
determine binding affinity of the selected phytocompounds through at the RMSD value. The RSMF value is also used to figure out how much
using site-specific super molecular docking to calculate binding score the protein-ligand complex changes over time. In this investigation, we
(David et al., 2018). For a target Alpha Glucosidase (PDB ID:3WY1), 43 used the Schrodinger package software (Desmond Application) to run a
compounds from M. sinensis & A. villosus and control drug Miglitol (CID- 100-ns Molecular Dynamic Simulation (MDS) with the physiological and
441314) was selected, the control drug acquired —7.42 Kcal/mol. physicochemical parameters of interest (Abdullah et al., 2023; Ahmed
Selected phytocompounds such as Phenyl isocyanide, 4,4-methylenebis et al., 2023; Andalib et al., 2023; Sohel et al., 2022). There have been
(CID-6327703) and Diazo acetic acid (1S,2S,5R)-2-isopropyl-5-methyl- different ways to look at this simulation trajectory of the simulation tool.
cyclohexyl ester displayed —7.88 and —7.73 Kcal/mol respectively It has been used to look at things like the root mean square deviation
represented in Table 8. For Peroxisome proliferator-activated receptor (RMSD) and root mean square fluctuation (RMSF). The radius of gyra-
gamma protein (PDB ID: 8B8Z), control drug Rosiglitazone and 43 tion (Rg), hydrogen bond number, solvent accessible surface area
phytocompounds are used for molecular docking. The control drug (SASA), MolSA, and PSA have also been looked at. In complex systems,
Rosiglitazone shows —9.43 Kcal/mol binding affinity and the four the lowest root means square deviation (RMSD) values suggest the best

selected phytocompounds such Phthalic acid, 6-methylhept-2-yl octyl stability of the compounds, whereas the higher root means square
ester 9CID: 91720824), Phthalic acid, di(oct-3-yl) ester (CID: fluctuation (RMSF) values indicate the lower compactness of the pro-
15764573), Pentanedioic acid, (2,4-di-t-butylphenyl) mono-ester (CID: tein-ligand complex (Al Saber et al., 2022; Biswas et al., 2023a; Biswas
605775) and 2,4-Dit-butylphenyl 5-hydroxypentaneoate (CID: 605777) et al., 2023b). The drug candidate Compound CID-102506517 (blue)
displayed the binding affinity —9.58, —9.25, —8.5 and 8.48 Kcal/mol showed the potent RMSD and RMSF values with the targeted proteins
respectively and was shown in Table 8. In the next step, Ligplot + human alpha-glucosidase (PDB ID: 3WY1) compared to the Control Drug
(version 2.2) was used to visualize 2D protein-ligand interaction and (CID-441314) (ash). On the other hand, CID-605777 (orange) showed
additional tools such as Biovia Discovery Studio were also used for 3D potent RMSD and RMSF values with the targeted proteins activated
protein-ligand visualization. transcription factor (PDB ID: 8B8Z) compared to the Control Drug CID-
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Fig. 7. (A) The graphs show the radius of gyration (Rg) values for the three ligand molecules in complex with the targeted protein human alpha-glucosidase (PDB ID:
3WY1 in 100 ns MDS assessments, where the selected three ligands, the Compound CID-102506517, CID-6327703 and the Control Drug (CID-441314) is associated
with the protein are exhibited by blue, orange and ash colour (B) The graphs show the radius of gyration (Rg) values for the five ligand molecules in complex with the
targeted protein-activated transcription factor (PDB ID: 8B8Z) in 100 ns MDS assessments, where the selected five ligands, the Compound CID-605775, CID-605777,
CID-15764573, CID-91720824, and the Control Drug CID-77999 is associated with the protein are exhibited by blue, orange, ash, yellow and light blue colour. (C)
The graphs show the SASA values for the three ligand molecules in complex with the targeted protein human alpha-glucosidase (PDB ID: 3WY1) in 100 ns MDS
assessments, where the selected three ligands, the Compound CID-102506517, CID-6327703 and the Control Drug (CID-441314) is associated with the protein are
exhibited by blue, orange and ash colour and (D) The graphs show the SASA values for the five ligand molecules in complex with the targeted protein-activated
transcription factor (PDB ID: 8B8Z) in 100 ns MDS assessments, where the selected five ligands, the Compound CID-605775, CID-605777, CID-15764573, CID-
91720824, and the Control Drug CID-77999 is associated with the protein are exhibited by blue, orange, ash, yellow and light blue colour. (For interpretation of the
references to color in this figure legend, the reader is referred to the web version of this article.)

77999 (light blue) (Fig. 6).

The stability of the protein structure is tested by measuring the
center of mass from its C and N terminals, and this data helps researchers
better understand how proteins fold when Rg is determined (Jabin et al.,
2023; Khan et al., 2023; Khan et al., 2021). With both the targeted
proteins human alpha-glucosidase (PDB ID: 3WY1) and activated tran-
scription factor (PDB ID: 8B8Z), the lower Rg value indicates great
compactness, while the higher value indicates disassociation of the
compounds from the protein. In our research study, the drug candidate
Compound CID-102506517 (blue) had a standard Rg value compared to
the Control Drug (CID-441314) (ash) with the targeted proteins human
alpha-glucosidase (PDB ID: 3WY1). And for activated transcription
factor (PDB ID: 8B8Z), both drug candidates Compound CID-605775
(blue) and CID-605777 (orange) had a lower Rg value compared to
the Control Drug CID-77999 (light blue) (Fig. 7A and Fig. 7B). In
addition, the simulation trajectories were used to figure out how the
drug-like molecules changed in size over time. The solvent-accessible
surface area (SASA) of the protein-ligands complex was also calcu-
lated. The higher the SASA value, the less stable structure, and the lower
the SASA value, the more tightly packed the water molecules and amino
acid residues are in the protein-ligands complex (Biswas, Hany Rumi,
et al., 2022). According to the SASA result from the MDS trajectory, the
drug candidate Compound CID-102506517 (blue) exhibited lower SASA
values with proteins human alpha-glucosidase (PDB ID: 3WY1)
compared to the Control Drug (CID-441314) (ash) (Fig. 7C), whereas in
case of activated transcription factor (PDB ID: 8B8Z), both drug
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candidate Compound CID-605777 (orange), and the Control Drug CID-
77999 (light blue) presented almost the same SASA value and some-
times Compounds-605777 (orange) show lower SASA value (Fig. 7D). In
the graph of PSA and MolSA validation, both drug candidates, Com-
pound CID-102506517 (blue) and CID-6327703 (orange), possessed a
potential value than the Control Drug (CID-441314) (ash) with the
targeted proteins human alpha-glucosidase (PDB ID: 3WY1) (Fig. 8A and
Fig. 8B). Moreover, in the graph of PSA and MolSA validation, both drug
candidates Compound CID-605775 (blue), CID-605777 (orange), CID-
15764573 (ash), CID-91720824 (yellow) possessed the potential value
than the Control Drug (CID-77999 (light blue) with the targeted proteins
human activated transcription factor (PDB ID: 8B8Z) (Fig. 8C and
Fig. 8D) Furthermore, the “Simulation Interaction Diagram (SID)” was
used to explore intermolecular interactions between proteins in complex
with specified ligands over the length of 100 ns simulation. During the
simulation, all ligands formed various intermolecular interactions by
hydrophobic, water bridge, hydrogen, and ionic bond and maintained
these interactions until the simulation was completed, facilitating the
formation of formation of a stable binding with the targeted two proteins
(Figs. 9 and 10). After MDS (Molecular Dynamics Simulation), we
calculated binding free energy (thermal MM-GBSA) of all the com-
pounds with the target receptor and all compounds possessed potent
binding free energy compared to the control drug (Fig. 11).

Our research findings asserted that 2,4-Dit-butylphenyl 5-hydrox-
ypentanoate and Diazo acetic acid (1S,2S,5R)-2-isopropyl-5-methyl-
cyclohexyl ester obtained from M. sinensis & A. villosus through GC-MS
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Fig. 8. (A) The graphs show the MolSA values for the three ligand molecules in complex with the targeted protein human alpha-glucosidase (PDB ID: 3WY1) in 100
ns MDS assessments, where the selected three ligands, the Compound CID-102506517, CID-6327703 and the Control Drug (CID-441314) in associated with the
protein are exhibited by blue, orange and ash color (B) The graphs show the MolSA values for the five ligand molecules in complex with the targeted protein activated
transcription factor (PDB ID: 8B8Z) in 100 ns MDS assessments, where the selected five ligands, the Compound CID-605775, CID-605777, CID-15764573, CID-
91720824, and the Control Drug CID-77999 in associated with the protein are exhibited by blue, orange, ash, yellow, light blue color. (C) The graphs show the PSA
values for the three ligand molecules in complex with the targeted protein human alpha-glucosidase (PDB ID: 3WY1) in 100 ns MDS assessments, where the selected
three ligands, the Compound CID-102506517, CID-6327703 and the Control Drug (CID-441314) in associated with the protein are exhibited by blue, orange and
color. (D) The graphs show the PSA values for the five ligand molecules in complex with the targeted protein activated transcription factor (PDB ID: 8B8Z) in 100 ns
MDS assessments, where the selected five ligands, the Compound CID-605775, CID-605777, CID-15764573, CID-91720824, and the Control Drug CID-77999 in
associated with the protein are exhibited by blue, orange, ash, yellow, light blue color. (For interpretation of the references to color in this figure legend, the reader is

referred to the web version of this article.)

have medicinal effects against Alpha Glucosidase and Peroxisome
proliferator-activated gamma-mediated diabetes. After the investigation
in in-vitro, in-vivo, and in silico analysis have confirmed that these
phytocompounds can be used as an antidiabetic agent for treating type-2
diabetes mellitus.

5. Conclusion and future perspectives

This present study demonstrated that traditional uses of Mycetia
sinensis and Allophylus villosus by the largest ethnic Chakma community
in Bangladesh to treat diabetes led us to discover new anti-
hyperglycaemic agents from two Novel plants of Bangladesh with
their bioactivities as well as using computer-aided drug development
approaches. The scientific evidence for the presence of chemical
equivalent of phenolic compounds, and flavonoids performed antioxi-
dant properties of these Noble plants, as well as FTIR analysis confirmed
phytochemical functional group contained in both M. sinensis &
A. villosus. GC-MS analysis demonstrated the specific phytochemicals
present in these Nobel plants with their molecular weights, chemical
identity, and area percentages. In light of the bio-activity study of
different fractioned extracts like n-hexane, ethyl acetate, and ethanol
extract performed, an oral glucose tolerance test where ethyl acetate and
ethanol extracts of M. sinensis significantly reduce blood glucose levels
and all fractions of A. villosus extracts have performed significantly
blood reduction compared with control groups on Swiss Albino mice. As
significant observations for liver and kidney complications occurred for
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excess glucose level performed Serum Creatinine and Serum Alkaline
Phosphatase tests on Swiss Albino mice. Furthermore, the Computer
Aided Drug Development approaches with several parameters demon-
strated that the compounds retrieved from these two plants possessed
potential antagonist activity against two diabetes metabolic proteins.
Correlating the study, the bio-active phytochemicals from Mycetia
sinensis and Allophylus villosus performed antioxidant properties with
anti-hyperglycemic activities with no side effects or diabetes complica-
tions, as well as inhibitory performance on two diabetes metabolic
proteins Alpha-Glucosidase and Peroxisome Proliferator-Activated Re-
ceptor Gamma. The study could confirm that these two plants could be
non-promising drug sources from nature for the treatment of Diabetes.
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Fig. 9. During the 100 ns simulation duration, the intermolecular interactions between ligands and protein were analysed, as seen in the stacked bar charts. The

figure represents the interaction of three ligands with targeted protein human alpha-glucosidase (PDB ID: 3WY1) where (A) The Compound CID-102506517, (B) CID-

6327703 and (C) The Control Drug (CID-441314).
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CID-605775, (B) CID-605777, (C) CID-15764573, (D) CID-91720824, (E) The Control Drug CID-77999.

8B8Z), where (A) The Compound
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Fig. 11. Post simulation binding free energy (Thermal MMGBSA) calculation of the selected phytocompounds with the targeted proteins. Here, Fig. 11(A) -The
selected compounds with human alpha-glucosidase (PDB ID: 3WY1); 11(B) -The chosen compounds with peroxisome-activated transcription factor (PDB ID: 8B8Z).
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