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ARTICLE INFO ABSTRACT

Keywords: Plant-derived secondary metabolites possess diverse biological activities that are beneficial to humans. Modern
Oxidative stress medications used for diabetes and Alzheimer’s often cause side effects, prompting reliance on traditional al-
Diabetes

ternatives. Therefore, we aimed to uncover the potential of Mazus pumilus in countering diabetes and Alzheimer’s
by in-vitro inhibition of a-amylase and AChE. Additionally, antioxidant activity and phytochemical analyses were
performed. Mazus pumilusThe plant was extracted sequentially using n-hexane, ethyl acetate, dichloromethane,
methanol, and water. The methanolic fraction, notably, manifested marked antioxidant efficacy against DPPH
and ABTS radicals. Subsequently, this extract evinces noteworthy inhibitory attributes against a-amylase and
AChE, respectively, in a competitive manner. Moreover, the bioactive phytoconstituents present in the meth-
anolicextracts were determined through GC-MS analysis, and subsequent computational molecular docking
studies revealed that these compounds strongly bound to the active site of both a-amylase and AChE. The
calculated least binding energies, for a-amylase and AChE, underscore the viability of the molecular interactions.
In conclusion, the antioxidant, antidiabetic, and anti-Alzheimer attributes of Mazus pumilus extract likely
emanate from the synergistic interplay of its bioactive phytoconstituents. A comprehensive in-vitro and in-vivo
study is essential to fully explore the anti-diabetic and anti-Alzheimer potential of secondary metabolites of
Magzus pumilus.

Alzheimer’s
Neurological disorder
Acetylcholinesterase
Secondary metabolites

1. Introduction

Nature has created plant kingdom which is having super power for
curing and treating variety of human and animal diseases. These plants
produce variety of secondary metabolites that has Fstrong therapeutic
properties, offering natural sources for medicines, antioxidants, and
dietary supplements, and promoting overall health and well-being
(Leicach and Chludil, 2014). Various in-vitro and in-vivo studies sug-
gested that plant extract, fruits, and their secondary metabolites can
prevent the diabetes and neurological disorders (Ahmad et al., 2021;
Alvi et al., 2019; Caputo et al., 2023; Hashim et al., 2019; P et al., 2011).

It is widely acknowledged that plants can provide remedies for diseases
and that it is necessary to correctly identify the plant and their secondary
metabolites to use it effectively.

Numerous metabolic and neurological illnesses, such as diabetes
mellitus (DM) and Alzheimer’s disease (AD), are significantly influenced
by oxidative stress. (Bhatti et al., 2022). DM, characterized by impaired
carbohydrate metabolism and insufficient secretion or action of insulin,
resulting in upregulated plasma glucose levels (Waiz et al., 2023).
Persistent hyperglycaemia is responsible for the overproduction of
reactive oxygen species (ROS) and damages macromolecules such as
lipids, proteins, and DNA (Waiz et al., 2023). Diabetes is increasing
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worldwide as more than half a billion people are affected, including
men, women, and children. This number is projected to double to 1.3
billion in the next 30 years (Khan et al., 2023; Waiz et al., 2023).

AD is the prevailing manifestation of dementia, characterized by
prominent symptoms encompassing memory impairment, aphasia,
cognitive decline, visuospatial deficits, and compromised executive
function (Alvi et al., 2019). Several recent studies have established that
aggregation of -amyloid (AB) peptides and tau-neurofibrillary tangles
initiates a cascade of events leading to Alzheimer’s disease (Chen et al.,
2017; Gulisano et al., 2018; Hampel et al., 2021).Some evidence also
suggests that acetylcholinesterase (AChE) may play a key role in
developing senile plaques by accelerating Ap deposition (Garcia-Ayllon
et al., 2011; Inestrosa et al., 1996). Elevated activity of this enzyme
causes depletion of ACh, which impairs synaptic transmission and dis-
rupts neuronal signalling, resulting in AD (Igbal et al., 2021). AD’s exact
cause is unclear, but its pathogenesis is linked to disrupted cholinergic
signalling. Inhibiting AChE is a recognized treatment for AD.

On the other hand, individuals with diabetes have a 65 % higher
chance of developing Alzheimer’s disease than people without the
condition. The relationship of hyperglycaemia and insulin anomalies
with AD seems so robust that it is frequently considered a neuroendo-
crine disorder called “diabetes type 3” (H. Ferreira-Vieira et al., 2016).
Several mutual pathophysiologies are shared by individuals suffering
from chronic DM and AD, such as oxidative stress, inflammation (Haan,
2006), neuronal degeneration, -amyloid accumulation (Ristow, 2004),
phosphorylation of tau protein, and glycogen kinase-3 synthesis (Kro-
ner, 2009).

Antidiabetic medications targeting insulin resistance in brain can
potentially prevent AD and dementia. Despite their efficacy, they do not
reverse complications and often entail notable side effects (Dey et al.,
2002; Wium-Andersen et al., 2019). However, plants and their second-
ary metabolites possess therapeutic potential against several complica-
tions, including diabetes and Alzheimer’s disease (Franco et al., 2002).
As an alternative, natural sources are under investigation for dual-action
compounds against DM and AD to minimize complications. Approaches
addressing oxidative stress, impeding glucose absorption, and inhibiting
a-amylase and AChE to modulate ACh synthesis hold promise for the
effective management of both conditions..

Mazus pumilus, commonly called Japanese Mazus, is a flowering plant
belonging to the Mazaceae family. It has been found in Bhutan, China,
India, Pakistan, and Indonesia. This annual plant thrives in wet grass-
lands, streambanks, and disturbed areas such as cultivated fields and
sidewalks, reaching a height of 30 cm. Its flowers, marked with yellow
spots in the throat, are a mix of purple and white, blooming throughout
the growing season. The herbs hold significant therapeutic value;
traditionally, leaves have been used for epileptic seizures (Sharma et al.,
2013) and also possess antioxidant (Shahid et al., 2013), anti-
inflammatory, anti-nociceptive (Ishtiaq et al., 2018b), antibacterial,
antifungal (Safdar et al., 2015), antipyretic (Ishtiaq et al., 2018a),
anticancer (Priya and Rao, 2016), and hepatoprotective activities (Ish-
tiaq et al., 2018b). The herb was also used in constipation and stimu-
lation of menstrual flow. Leaf juice is also used in typhoid fever (Ishtiaq
et al., 2018a). Previously, the presence of phytochemicals, such as sa-
ponins, tannins, terpenoids, glycosides, sterols, flavonoids, and alkaloids
in the methanolic extract of Mazus pumilus has been reported (Ishtiaq
et al.,, 2018b). Within this context, we for the first time, explored the
potency of Mazus pumilus extract as a dual inhibitor of a-amylase and
AChE. Furthermore, to gain mechanistic insights into their inhibitory
actions, we conducted molecular docking investigations on secondary
metabolites, identified in methanolic (MeOH) extract of Mazus pumilus
using gas chromatography-mass spectrometry (GC-MS).
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2. Material and methods
2.1. Chemicals

The chemicals used in this study such as n-hexane, ethyl acetate
(EtOAc), dichloromethane (DCM), methanol (MeOH), 2,2-diphenyl-1-
picrylhydrazyl (DPPH), 2,4,6-tripyridyl-s-triazine (TPTZ), ascorbic
acid, ferric chloride (FeCls), ferrous sulfate (FeSO4), pancreatic
a-amylase, 5,5-dithiobis (2-nitrobenzoic acid) (DTNB), acetylcholine
iodide (AChI), 9-amino-1,2,3,4-tetrahydroacridine hydrochloride
(tacrine hydrochloride), ABTS, Potassium persulfate (K2S20g), 3,5-Dini-
trosalicylic acid (DNS) and acetylcholinesterase (AChE) were procured
from reputable sources like Hi-Media Sisco Research Lab and Sigma
Aldrich. Notably, every chemical was of an analytical grade.

2.2. Preparation of Mazus pumilus extract

Whole plant of Mazus pumilus was collected from local area around
the Integral University, Lucknow, India, in the winter season. The plant
was botanically identified and the specimen of the plant (Voucher No.
IU/PHAR/HRB/23/22) has been submitted to the herbarium. After that
the plant was thoroughly cleaned by washing to remove any filth or dust
particles and shed dried for seven days before being ground into a
powder. Using Soxhlet apparatus, the dried powder (25 g) was extracted
using n-hexane, DCM, EtOAc, MeOH, and water. After filtering, the
crude extract was scraped out and kept at The — 20 °C for further use
(Hashim et al., 2013). The formula below was used to calculate the %
yield of the various extracts:

Weight of crude extract

%yield = x 100 D

Weight of raw material
2.3. Determination of phytochemicals

Mazus pumilus extracts were qualitatively analyzed for phytocon-
stituents, including phenols, glycosides, and steroids.. Briefly, qualita-
tive analysis of phenols was performed using the ferric chloride (FeCls)
test, in which a few drops of 5 % FeCls were added to the extract solu-
tion. A dark green or bluish-black color appeared. The presence of gly-
cosides was revealed by the Keller-Killani test. Briefly, in the filtered
extract solution, 1.5 mL of glacial acetic acid, 1 drop of 5 % FeCls, and
concentrated H,SO4 were added. A blue solution appeared in the acetic
acid layer. Furthermore, the presence of phytochemicals in plant extract
was analysed according to the previously described methods (Harborne,
1998; Shaikh and Patil, 2020).

2.4. Free radical scavenging activity

2.4.1. 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay

The DPPH assay described by Brand-Williams et al. (Brand-Williams
et al., 1995) was used to evaluate the free radical neutralizing ability of
Mazus pumilus extract which represents its antioxidant potential. The
reference standard, ascorbic acid, serving as a point of comparison. The
absorbance was recorded at 517 nm using Eppendorf Bio-Spectrometer
kinetic. The equation described below was used to compute the per-
centage of DPPH inhibition.

AAbsorbance of control — Aabsorbance of test sample

DPPH =
% A Absorbance of control

x 100 (2)

2.4.2. ABTS scavenging assay

The 2.45 millimolar (mM) of potassium persulfate was mixed to
obtain a 7 mM concentration of ABTS stock solution. The solution was
diluted in order to obtain an absorbance of 0.70 at 734 nm (nm) before
the experiment. The absorbance was recorded on an Eppendorf Bio-
Spectrometer kinetic. The varied concentrations of the extracts [100
Apl (pL)] was mix with the 900 pL of working solution of ABTS, followed
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by incubation at 37 °C for 30 min (Re et al., 1999). Ascorbic acid was
used as the reference standard. The percentage inhibition calculation
followed the same formula as the DPPH calculation.

2.4.3. Ferric reducing antioxidant power

The standard protocol (Benzie and Strain, 1996) with slight modi-
fications (Alvi et al., 2016) was used to determine the total antioxidant
potential. Briefly, 300 mM sodium acetate buffer (pH-3.6), 10 mM of
2,4,6-tripyridyl-s-triazine (TPTZ) and 20 mM of ferric chloride (FeCls3)
was mixed in a ratio of 10:1:1 to prepare FRAP reagent. 3 mL of FRAP
reagent mixed with 100 pL of varied concentration of extract and
incubated in dark for 30 min at 37 °C. The Eppendorf Bio-Spectrometer
kinetic was used to take optical density (OD) at 593 nm. The standard
curve of FeSO4 has been used for reckoning of results, indicated as pmol
Fe (II)/g dry weight of Mazus pumilus plant powder.

2.5. Estimation of a-Amylase inhibitory potential of Mazus pumilus

The sequentially extracted Mazus pumilus extract was screened for
inhibitory potential against a-amylase using a standard protocol (Akhter
et al., 2013). Briefly, PBS buffer (20 mM; pH 6.7) containing 6.7 mM of
NaCl was used to prepare the enzyme (5 units/mL). After that varied
concentration of standard acarbose or extract were added except in the
blank. This mixture was incubated for 20 min at 37 °C. Then the starch
solution (0.5 % w/v) was added and further incubated at 37 °C for an
additional 15 min. At the end of incubation, DNS reagent was added to
the reaction mixture and heated at 100 °C in a water bath for 10 min.
The pH of the buffer was measured using Labman pH meter (Model-NU-
PH10) Absorbance was taken at 540 nm using Eppendorf Bio-
Spectrometer kinetic. The inhibition rate was calculated by using the
following equation:

% inhibition = 100 — % reaction 3)

where % reaction = (mean product in sample/mean product in
control) x 100.

2.6. Estimation of Anti-Acetylcholinesterase potential

The acetylcholinesterase test was performed according to the
method described by Ellman et al. (1961) (Ellman et al., 1961). Briefly,
10 mM DTNB (33 pL), 1 mM AChI (100 pL), 50 mM Tris HCI buffer (767
pL; pH 8.0), and different doses of extract (100 pL) were mixed in a 2 mL
cuvette, which is served as blank. The AChE solution (0.28 U/mL, 300
pL) was added in the test reaction by replacing equal volume of buffer.
Tacrine was served as the standard. The pH of the buffer was adjusted
using Labman pH meter (Model-NU-PH10). The Enzyme activity was
monitored on Eppendorf Bio-Spectrometer kinetic for 20 min by taking
the absorbance at 405 nm at 1-minute intervals. The following equation
was used to compute the percentage of enzyme activity inhibition.

A Absorbance of control — A Absorbance of sample

%inhibition = x 100

A Absorbance of control

G

2.7. Elucidation of a-Amylase inhibition mode by the MeOH extract of
Mazus pumilus

In order to comprehend the mechanism by which the Mazus pumilus
(MeOH extract) inhibits a-amylase activity, the inverse values of ve-
locity and substrate concentration was plotted (Lineweaver-Burk plot)
on a graph. The protocol of the reaction was the same as a-amylase in-
hibition as mentioned in section 2.5. Herein varied concentration of
substrate ranging from 0.625 to 5 mg/mL was used to evaluate the effect
on Vyax and Ky,
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2.8. Assessment the mode of inhibition of AChE activity by the MeOH
extract of Mazus pumilus

The Mazus pumilus extract was used in the kinetic investigation at
three distinct concentrations (0.0, 50, and 100 g/mL of reaction) and at
three different substrate concentrations (0.5, 1.0, and 2.0 mM). AChI
hydrolysis by AChE in the presence or absence of an inhibitor, was
monitored for 20 min at 405 nm. At 1-minute intervals, the absorbance
was measured, and the inhibition mode was elucidated with the help of
Michaelis-Menten kinetics (Igbal et al., 2021).

2.9. Gas Chromatography-Mass spectrometry analysis of the MeOH
extract

The phytoconstituents present within the MeOH extract, demon-
strating the most pronounced inhibitory efficacy against a-amylase and
acetylcholinesterase =~ (AChE), were discerned through Gas
Chromatography-Mass Spectrometry (GC-MS) analysis. Using a Shi-
madzu QP 2010 Ultra GC-MS instrument, the material was loaded into a
Restek column (30 m 0.25 mm) with a film thickness of 0.25 m. The
carrier gas’s helium flow rate was fixed at 1 mL per minute. To identify
the compounds, the mass spectra peaks were matched to the reference
National Institute of Standards and Technology (NIST) libraries.

2.10. ADME and drug-likeness studies of selected ligands

The pharmacokinetic profiling and drug-likeness properties of
selected ligands were depicted using the web-based tool Swiss ADME, as
defined in earlier studies (Daina et al., 2017). Briefly, the SMILES of
compound of the interest was copied from the PubChem database and
pasted (contains one molecule per line) with an optional molecule name
separated by one space in the given box. Then was clicked on the run to
calculate the results.

2.11. Predicted toxicity of the selected compounds

The toxicity assessment was executed using the ProTox-II platform.
This online web-based server specializes in predicting the toxicological
profiles of small molecules. The analysis was conducted on November
25, 2022. The platform furnishes comprehensive information concern-
ing compound toxicity, encompassing parameters such as LDs, Carci-
nogenicity, Immunotoxicity, Mutagenicity, Cytotoxicity, and
hepatotoxicity (Banerjee et al., 2018).

2.12. Ligand’s structure retrieval and preparation

The 3D structures of the selected compounds were retrieved from the
PubChem database. Each substance is listed with an inimitable creden-
tials numeral, namely, CID. The retrieved 3D structure.sdf file was
visualized via BIOVIA Discovery Studio Visualizer and saved into the.
pdb file format. The retrieved.sdf files were incorporated in the Maestro
workspace, and all ligands were minimized with the help of the LigPrep
module by applying the OPLS_2005 force field for molecular docking
studies. The Epik module was utilized for the possible ionization and
tautomerization of selected structures at pH 7.0 +/— 2.0 (David et al.,
2018; Sheikh et al., 2023).

2.13. Retrieval and preparation of target protein for docking

The 3D structures of both enzymes (target proteins) were obtained
from the PDB database on June 2023 by entering their protein IDs
(a-amylase:3BAJ, AChE:1ACJ) (Berman et al., 2000). The retrieved
target protein was visualized and examined using the BIOVIA Discovery
Studio Visualizer 2022. We prepared our docking target protein using
the protein preparation wizard’s Schrodinger’s Maestro module. The
assignment of hydrogen bonds (H-bonds), bond orders, addition of
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Fig. 1. The percentage yield of plant extract. Significance was determined as
*p < 0.05, **p < 0.01, ***p < 0.001 versus zero percent.

Table 1
Phytochemical constituents of M. pumilus fractions.
n-Hexane DCM EtOAc MeOH Aqueous

Cardiac glycosides - ++ +++ + -
Steroids - - - + _
Phenols ++ + - +++ ++
Flavonoids +++ + — 4 +
Tannins - - - + +
Saponins - - - 44+ n
Terpenoids - ++ + - _
Quinones - - — _
Coumarins 44+ -+ _ 4t
Phlobatannins - - - -
Anthocynins - - - + _

hydrogen atoms, optimization and minimization of proteins, removal of
water beyond five angstroms from the het group, and conversion of
selenomethionines to methionines are important steps in the prepara-
tion. Further, pH 7.0 +/— 2.0 were used to fill the loop and then pre-
processed with the protein. The OPLS_2005 force field was applied to
refine the targeted protein, converging complete heavy atoms to a root
mean square deviation (RMSD) of 0.30, with the help of the protein
preparation module Maestro v12.8. The SiteMap tool identifies highly
potential binding pockets of ligands on proteins.

2.14. Receptor grid generation

The Sitemap tool (Goodford’s GRID algorithm) in the Maestro v12.8
module was used to determine the available regions in the target binding
site for ligands (Goodford, 1984; Mutlu, 2014). The highest site score and
volume to create a grid on the binding site were carefully chosen—a van
der Waal’s radius scaling of 1.0, with 0.25 partial charges cut-off by
default. The receptor grid was generated using the ’pick to identify the
ligand molecule’ in the Glide module (Ansari et al., 2022; Patschull et al.,
2012).

2.15. Molecular docking studies

To execute the flexible ligand molecular docking studies, we used
Maestro’s Glide module to access GC-MS-identified compounds’ bind-
ing pattern against the target proteins a-amylase and AChE. The previ-
ously prepared receptor grid file and prepared ligand file were input into
the Glide module of protein-ligand docking, and by leaving all the fields
in default mode, the job was submitted. Post molecular docking, the
ligand binding position examination and data construction were per-
formed with the help of Maestro 12.8 and Discovery Studio Visualizer
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2022 (Accelrys Software Inc. San Diego) software.

2.16. Statistical analysis

For entire biochemical measurements, the experiments were per-
formed in triplicate, and statistics were provided as mean + SD.

3. Result and discussion
3.1. Phytochemical screening of Mazus pumilus plant extract

Natural products and their derivatives have long been recognized as
valuable reservoirs of therapeutic agents and structural diversity.
Fundamentally, the process of discovering new drugs entails identifying
novel chemical entities that possess the necessary attributes of drugg-
ability and medicinal chemistry. Prior to the emergence of high-
throughput screening and the post-genomic era, over 80 % of pharma-
ceutical compounds consisted either of natural products or were influ-
enced by molecules derived from nature, which also encompassed semi-
synthetic analogs (Katiyar et al., 2012). Therefore, in our study, the
whole plant of Mazus pumilus was extracted using n-Hexane, EtOAc,
DCM,MeOH, and water. The percent yield of extraction is presented in
Fig. 1. Initially, qualitative phytochemical analysis was performed to
revealed the presence or absence of different class of phytochemicals in
the particular extract. Our results demonstrated that the MeOH extract
has a rich amount of phenols and flavonoids compared to other extract
(Table. 1). A previous study also reported the same in methanolic ex-
tracts (Ishtiaq et al., 2018b).

3.2. Determination of antioxidant potential via inhibition of DPPH and
ABTS free radical and FRAP assay

Oxidative stress is responsible for several chronic complications,
such as DM (Giacco and Brownlee, 2010). However, Nevertheless,
oxidative stress and DM are determinant factors that play significant
roles in the development of various diseases, including cardiovascular
disease, diabetic neuropathy, and AD. (Nabi et al., 2021, 2019). In fact,
hyperglycaemia also induces oxidative stress and inflammation that
causes damage to the tissues (Waiz et al., 2022). Therefore, we inves-
tigated the antioxidant potential of sequentially extracted Mazus pumilus
extract by inhibiting DPPH, ABTS free radicals, and ferric-reducing
ability. The percent inhibition of these free radicals by different Mazus
pumilus extracts is shown in Fig. 2. The MeOH extract exhibited signif-
icant inhibition of DPPH and ABTS with ICsg values of 19.45 + 1.32 and
20.54 + 1.81 pg/mlL, respectively (Table 2). Although, the reference
standard ascorbic acid ICsg value against DPPH and ABTS were 16.20 +
1.72 and 22.08 + 1.02 pg/mL, respectively. Our findings suggestsug-
gested that the MeOH extract has an almost effect similarsimilar effect
compared to that of the standard in inhibiting these free radicals
(Table 2). (Table 2). Free radicals possess unpaired electrons through
which they interact with and modify lipids, proteins, and DNA, inducing
oxidative stress that contributes to several human diseases. Therefore,
the utilization of external antioxidants can aid in managing oxidative
stress. Plants containing bioactive compounds such as phenols and fla-
vonoids can assist in mitigating oxidative stress. These compounds serve
as vital antioxidant components because they can neutralize free radi-
cals by donating hydrogen atoms to them. Moreover, they exhibit
favorable structural attributes for scavenging free radicals (Amarowicz
etal., 2004). Additionally, the FRAP value was also evaluated and found
to be significantly higher in MeOH extract, (378.50 + 6.98) umol Fe(II)/
g. The remarkable antioxidant potential of the MeOH extract might be
attributed to the palpable presence of phenols and flavonoids, which are
believed to be the majority of the antioxidant properties of plants (Dai
and Mumper, 2010; Hashim et al., 2013).
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Fig. 2. Percent inhibition of DPPH and ABTS radical via different extract of Mazus pumilus. The data are expressed as mean + SD obtained after three paral-

lel experiment.

Table 2
ICsp values of different extract of M. pumilus against DPPH and ABTS radicals,
a-amylase and AChE.

Activity Extract/Standard ICs0 (pg/ml*)
DPPH n- hexane NA
DCM 47.50 + 2.24
EtOAc NA
MeOH 19.45 + 1.32
Aqueous 69.21 + 1.49
Ascorbic acid 16.20 + 1.72
ABTS n- hexane 43.96 + 2.61
DCM 65.34 + 2.23
EtOAc NA
MeOH 20.54 +£1.81
Aqueous 74.66 + 3.52
Ascorbic acid 22.08 £ 1.02
a-amylase inhibition n- hexane NS
DCM 201.83 £+ 3.73
EtOAc NS
MeOH 72.74 + 2.83
Aqueous NS
Acarbose 42.79 +£1.43
Acetylcholinesterase inhibition n- hexane NA
DCM 172.75 £ 2.32
EtOAc NA
MeOH 156.29 + 4.53
Aqueous 318.89 £+ 5.65
Tacrine 3.27 £ 0.34

The data is represented as + SEM. *Microgram/milliliter.

3.3. Determination of a-amylase and AChE inhibition and kinetics studies

To control hyperglycaemia, a number of therapeutic methods have
been developed, in which key enzyme inhibition is widely accepted
(Tundis et al., 2010). Altered carbohydrate-metabolizing enzymes
(a-amylase and o-glucosidase) are responsible for elevated blood
glucose levels in DM patients (Date et al., 2015; Yadav, 2013). a-amylase
active at neutral to mildly acidic pH, catalyzes polysaccharide (starch
and glycogen) hydrolysis into glucose for digestion. Elevated a-amylase
leads to increased sugar levels, and regulating it can reduce hyper-
glycaemia (Khan et al., 2022) and help to manage further complications,
such as diabetic retinopathy, nephropathy, and neuropathy. Epidemio-
logical research has shown that those with DM are more likely to
develop AD (Barbagallo, 2014; Silva et al., 2019). The most prevalent
and widely accepted treatment strategy for AD is to maintain the ACh
level in the post-synaptic neuronal junction via inhibition of AChI,
which breaks down ACh into acetate and choline, helps in the accu-
mulation of AB, and colocalizes with hyperphosphorylated tau (P-tau)
within neurofibrillary tangles (H. Ferreira-Vieira et al., 2016). This
study explored the a-amylase and AChE inhibitory potential of various
sequentially extracted Mazus pumilus extracts. Our results showed that

the MeOH extract had significant inhibitory potential against both
a-amylase and AChI. (Table 2). The percent inhibition of a-amylase and
AChE by different extracts of Mazus pumilus is presented in Fig. 3. These
results are in line with previous studies that reported the remarkable
inhibitory potential of these enzymes in more polar plant extracts
(Akhter et al., 2013; Iftikhar et al., 2019; Kidane et al., 2018). Hence, the
capacity of the MeOHextract to inhibit enzymes could potentially be
attributed to the existence of diverse secondary metabolites including
phenols, and flavonoids. Undoubtedly, the standard drugs for DM
(carbohydrate metabolizing enzyme inhibitors, glinides, sulfonylureas,
and thiazolidinediones) (Nathan et al., 2009) and AD (tacrine, done-
pezil, rivastigmine, and galantamine) (H. Ferreira-Vieira et al., 2016)
are more effective at lower concentrations. Still, their long-term use
causes several adverse effects, including hepatotoxicity, nephrotoxicity,
and hypoglycaemia (Chaudhury et al., 2017; Colovic et al., 2013).
However, numerous studies have reported that antihyperglycemic drugs
reduce the risk of dementia (Campbell et al., 2018; Michailidis et al.,
2022). Currently, no FDA-approved medication is capable of simulta-
neously addressing hyperglycaemia and Alzheimer’s disease by target-
ing both a-amylase and AChE. In this context, sequentially extracted
Mazus pumilus extracts display notable effects against diabetes and
Alzheimer’s disease by specifically targeting a-amylase, and AChE holds
significant importance.

We also investigated enzyme kinetics to unravel the MeOH extract’s
inhibitory mechanism on a-amylase and AChE. Our findings revealed
that the MeOH extract functioned as a competitive inhibitor of
a-amylase, similar to the behaviour of the standard acarbose. In the case
of AChE, this extract also exhibited competitive inhibition, in contrast to
the standard tacrine, which demonstrated a non-competitive nature.
This distinction is evident from the Lineweaver-Burk double reciprocal
plot of 1/V vs. 1/[S] (Fig. 4). These outcomes were consistent with
previous research on standard compounds. It is noteworthy that plant
extracts often manifest competitive and non-competitive inhibition due
to the presence of diverse bioactive compounds. Non-competitive inhi-
bition is characterized by a decrease in Vyax without affecting Ky, dis-
tinguishing it from competitive inhibition, where Vp,x remains
unchanged, and Ky, increases (Rodriguez and Towns, 2019).

3.4. Identification of compounds via GC-MS analysis

The MeOH extract was also subjected to GC-MS analysis to identify
the potential bioactive compounds that might be accountable for the
aforementioned observed effects. Initially, 36 compounds were identi-
fied (Table3), of which three major compounds (5, 16, and 36) were
found with % areas of 26.11, 8.02, and 8.29, respectively (Supplemen-
tary file 1). Incredibly, we are the first to uncover the compound
detected through GC-MS in the MeOH extract of Mazus pumilus. Mazus
pumilus (Table 3).
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Fig. 3. Percent inhibition graph of a-amylase and AChE by different extract of Mazus pumilus. MeOH extract was found to be most significant when compared to the
other solvent extracts. All the experiments were performed in triplicate and data are expressed as mean =+ SD..
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Fig. 4. Enzyme Kinetics studies of a-amylase and AChE in the presence or absence of inhibitor.Mazus pumilus The reference drugs acarbose and tacrine was served as
reference standard. The inhibition modes were assessed using varying concentrations of substrate and inhibitors, the Lineweaver-Burk plot generated from 1/S vs. 1/
V values. These plots indicate that the MeOH extract competitively inhibits a-amylase and AChE activities.

3.5. Pharmacokinetic profiling of the detected compounds

Based on our findings, we hypothesize that the bioactive compounds
present in the MeOH extract derived from Mazus pumilus, whether acting
individually or in synergy, play a significant role in mitigating oxidative
damage and impeding the actions of a-amylase and AChE. Nevertheless,
the most pivotal phase in drug development involves forecasting the
pharmacological attributes of a chemical entity, a process that can be
effectively facilitated using diverse Al-based tools (Jiménez-Luna et al.,
2020). Among these methodologies, ADMET holds prominence as it aids

in pre-emptively assessing pharmacokinetic and toxicological charac-
teristics, thereby preventing the unnecessary expenditure of time, re-
sources, and human effort (Ahmad et al., 2021). This study evaluated
drug-like attributes of GC-MS-identified compounds—the assessment of
Lipinski’s rule of five, bioactivity profile, and ADMET properties
(Mahgoub et al., 2022). The five distinct criteria outlined in Lipinski’s
rule, which include a molecular weight below 500 Da, fewer than five
hydrogen bond donors (HBD), fewer than ten hydrogen bond acceptors
(HBA), and a Log P (partition coefficient between octanol and water)
below 5, were individually appraised for each compound. In the early
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Table 3
GC-MS predicted compounds with their molecular weight, formula, peak area (%), and respective PubChem IDs.
S. PubChem Compounds Name and Structures Chemical Molecular R.T.* Area Class of the
No. ID Formula Weight % compound
1. 567,578 \)\ CsHp2Ny 100 11.156 3.45 Hydrazone
~- N
N X
Isobutyraldehyde methylhydrazone
2. 12,391 N N Cis5Hsp 212 20.286 0.69  Aliphatic
(C HZ) 1 hydrocarbon
Pentadecane
3. 300,668 | | C12H2205Si2 254 22.224 0.57 Phenol
N, .~
_Si 0 o Si_

Resorcinol, 2TMS derivative

4. 587,968 [0} C11H15803 198 22.780 0.74 Spiroacetal
° : :><
o

1,5-Dioxaspiro [5.5] undecan-9-one, 3,3-dimethyl
5. 7311 OH Cy4H250 206 23.233 26.11 Phenol

2,4-Di-tert-butylphenol

6. 65,575 C15H260 222 23.666 1.07 Sesquiterpene
OH

Cedrol

7. 18,815 /\ /\ C1gH3,Cl 288 23.815 0.53 Alkyl-halide
(CHy),5 ClI

Octadecane, 1-chloro-
8. 627,489 | _ Cy3H;503 222 24.642 1.17  Phenol
~

o Si

.NH

\ /

—n
—

3-tert-Butyl-4-hydroxyanisole, acetate

9. 11,006 PN CieHas 226 25499  0.59  Alkane
(CH)14
Hexadecane
10. 12,620 N N CaoHy60 326 30.080 2.43 Fatty alcohol
HO™ (ciy)y,

Behenic alcohol

(continued on next page)
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S. PubChem Compounds Name and Structures Chemical Molecular R.T.* Area Class of the
No. ID Formula Weight % compound
11 5,364,523 (CH2)9 CaoH400 296 30.956 2.43 Fatty alcohol
7 \=_ OH
/
(CHy)g
Eicosen-1-ol, cis-9-
12. 6782 j/ C16H2204 278 31.458 3.33  Phthalates
(0)
(6]
ol
(0]
Phthalic acid, diisobutyl ester
13. 8834 O M Cy3H2402 212 31.833 0.86 Terpenoid
\)k =
(0]
Citronellyl propionate
14. 545,303 C17H2403 276 32.454 2.79 Spiro
09 0
7,9-Di-tert-butyl-1-oxaspiro (4,5) deca-6,9-diene-2,8-dione
15. 8181 O C17H3402 270 32.838 2.41 Lipid
e
\ O
(CHy)1,
Hexadecanoic acid, methyl ester
16. 62,603 C18H2803 292 32.937 8.02 Esters
HO
O\

(0]

Benzenepropanoic acid, 3,5-bis(1,1-dimethylethyl)

-4-hydroxy-, methyl ester

stages, a subset of 19 compounds (s.no. 1,3,4,5,6,8,12,13,14,15,16,
17,19,20,22,27,31,34,35,36) exhibited the potential for either high in-
testinal absorption, blood-brain barrier permeability, or both (Table 4).

(continued on next page)

In which compound no. 15,19,20,22,27 is violated the one of the Lip-
inski’s rules that is MlogP < 4.15. However, this violation was not suf-
ficient to exclude these compounds from the study. Other compounds
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Table 3 (continued)

S. PubChem Compounds Name and Structures Chemical Molecular R.T.* Area Class of the
No. ID Formula Weight % compound
17. 3026 (0] C16H2204 278 33.470 2.66 Phthalic acid esters
/\/\
(0]
O\/\/
(0}
Dibutyl phthalate
18. 54,722,209 0 o C3sHesOs 652 33.664 254  Ester
0 oA chy,
o o
(0]
(CHy)y2
OH OH

(+)-Ascorbic acid 2,6-dihexadecanoate
19. 5,284,421 / C19H3402 294 36.203 1.17 Ester

(CH»), (H,C);—COOCH;
9,12-Octadecadienoic acid (Z,Z)

-, methyl ester
20. 5,367,462 / Cy9H3502 292 36.204 1.73 Ester

(H2C)7_COOCH3

9,12,15-Octadecatrienoic acid, methyl ester
21. 5,280,435 /\)\ CaoH400 296 36.544 1.63 Terpenoid
/

Phytol
22. 110,444 (0) Ci19H3g02 298 36.849 0.82 Ester

e

C171‘135)J\0

Methyl isostearate

23. 68,406 C27H55 \/OH CogHsg0 410 38.137 0.58 Alcohol
Octacosanol
24. 11,172 \ 0) / C18H5400Sig 666 38.261 0.35 Organosilicon
N\ O 0./
\ .0 0./
0..0..0._.0

Cyclononasiloxane, octadecamethyl-

(continued on next page)
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S. PubChem Compounds Name and Structures Chemical Molecular R.T.* Area Class of the
No. ID Formula Weight % compound
25. 519,601 N/ \/ \/ CooHeo010Si10 740 40.646 0.25  Organosilicon
JSi LSiUSiL
Q O O 0
—Si. —Si
/9 o
—Si. Si—
' s(')' 5 g‘ '
) DR ) I 1—
/00N
Cyclodecasiloxane, eicosamethyl-
26. 26,197 N | B C3H7oNOgP 677 41.293 0.36 Phospholipid
+
;
0.,.0
| A
O
(0}
(0)
0 PN
Clezs/\ﬂ/ 0" Cy3Hy
(0}
Dimyristoyllecithin
27. 8343 Co4H3504 390 43.956 0.59 Phthalates
(0]
(6]
{0)
(0]
Bis(2-ethylhexyl)
phthalate
28. 8206 (0] C16Hs5,ClO 274 44.488 1.20  Lipid

C13H27/\)J\Cl

Palmitoyl chloride

10

(continued on next page)
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S. PubChem Compounds Name and Structures Chemical Molecular R.T.* Area Class of the
No. ID Formula Weight % compound
29. 566,696 00 C44Hge03 662 47.464 1.95  Lipid
/\)lok/\/clsH37
CioH39
Docosanoic anhydride
30. 5,497,165 o) O C3oH7205 620 52.864 1.96 Glycerides
0 0~ Cy7H3;
OH
(CH,),
S
CgH,y7
9-Octadecenoic acid (Z)
-, 2-hydroxy-1,3-propanediyl ester
31. 91,742,317 C1oHag05 288 55.647 0.33  Steroid
N-O
- O‘ N
Androstane-3,17-dione,
(5.beta.)
32. 630,970 F F CgH3Fel 340 55.677 0.23 Aromatic Halo-
F F compounds
F F
1
3-5-di (Trifluoromethyl) iodobenzene
33. 12,532 C1gH3sN 265 57.380 0.31 Lipid
AN
CysHjq
Octadecanenitrile
34. 519,794 _ CyoH95Sis 222 58.683 0.12 Organosilane
Si_
s
Si_
I
1,2-Bis(trimethylsilyl)
benzene
35. 17,175 Cl CsHgCly 208 50.866  0.44  Alkyl-halide

/\/\)<Cl
Cl Cl

Pentane, 1,1,1,5-tetrachloro-

11

(continued on next page)
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S. PubChem Compounds Name and Structures Chemical Molecular R.T.* Area Class of the
No. ID Formula Weight % compound
36. 14,572,930 C42He304P 662 60.166 8.29 Terpenes

Tris

(2,4-di-tert-butylphenyl) phosphate

*Retention time.

Table 4

Physiochemical properties of GC-MS predicted compounds. Where Log P represents the lipophilicity, HIA-Human intestinal absorption, BBB-Blood brain barrier

potential, HBA-Hydrogen bond acceptor, HBD-Hydrogen bond donors.

S.No. PubChem ID Log P HIA BBB HBA HBD Rotatable Bonds Violation
1. 567,578 1.65 High Yes 1 1 2 0
2. 12,391 4.5 Low No 0 0 12 1
3. 300,668 3.84 High Yes 2 0 4 0
4. 587,968 2.28 High Yes 3 0 0 0
5. 7311 3.08 High Yes 1 1 2 0
6. 65,575 3.03 High Yes 1 1 0 0
7. 18,815 5.22 Low No 0 0 16 1
8. 627,489 3.84 High Yes 1 1 4 0
9. 11,006 4.67 Low No 0 0 13 1
10. 12,620 5.73 Low No 1 1 20 1
11. 5,364,523 5.15 Low No 1 1 17 1
12. 6782 3.31 High Yes 4 0 8 0
13. 8834 3.57 High Yes 2 0 8 0
14. 545,303 291 High Yes 3 0 2 0
15. 8181 4.41 High Yes 2 0 15 1
16. 62,603 3.75 High Yes 3 1 6 0
17. 3026 2.97 High Yes 4 0 10 0
18. 54,722,209 7.58 Low No 8 2 34 2
19. 5,284,421 4.61 High No 2 0 15 1
20. 5,367,462 4.94 High Yes 2 0 14 1
21. 5,280,435 4.71 Low No 1 1 13 1
22. 110,444 5.12 High No 2 0 16 1
23. 68,406 7.2 Low No 1 1 26 1
24. 11,172 6.01 Low No 9 0 0 1
25. 519,601 6.55 Low No 10 0 0 1
26. 26,197 2.54 Low No 8 0 36 1
27. 8343 4.77 High No 4 0 16 1
28. 8206 4.49 Low No 1 0 14 1
29. 566,696 10.4 Low No 3 0 42 2
30. 5,497,165 8.8 Low No 5 1 36 2
31. 91,742,317 4.04 High Yes 4 0 2 0
32. 630,970 2.43 Low No 6 0 2 1
33. 12,532 4.64 Low No 1 0 15 1
34. 519,794 3.27 Low Yes 0 0 2 0
35. 17,175 2.4 Low Yes 0 0 4 0
36. 14,572,930 6.93 Low No 4 0 12 2

that were not found to have any of the above-mentioned potentials were
eliminated at this stage.

3.6. Toxicity assessment of the selected compounds

Furthermore, the Selected compound was subjected to the toxicity
assessment using the ProTox-II platform ((Banerjee et al., 2018). Our

12

results depicted that all of the substances fell within the range of Clas-
sified LD50 value (Table 5). Furthermore, compounds 1, 7, 16, 18, and
19 were active against carcinogenicity, whereas compounds 6 and 12
demonstrated immunotoxicity—notably, compound 11 displayed hep-
atotoxicity. In contrast, compounds numbered 5 and 17 were found to be
associated with hepatotoxicity, immunotoxicity, carcinogenicity, and
mutagenicity, respectively. As a result, these compounds were
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Table 5

Toxicity assessment of the Selected compounds.
S.No. PubChem ID LDsq (mg/kg) Toxicity Class Hepatotoxicity Carcinogenicity Immunotoxicity Mutagenicity Cytotoxicity
1. 567,578 460 4 Inactive Active Inactive Inactive Inactive
2. 300,668 300 3 Inactive Inactive Inactive Inactive Inactive
3. 587,968 10,000 6 Inactive Inactive Inactive Inactive Inactive
4. 7311 700 4 Inactive Inactive Inactive Inactive Inactive
5. 65,575 1190 4 Active Inactive Active Inactive Inactive
6. 627,489 25 2 Inactive Inactive Active Inactive Inactive
7. 6782 10,000 6 Inactive Active Inactive Inactive Inactive
8. 8834 5000 5 Inactive Inactive Inactive Inactive Inactive
9. 545,303 900 4 Inactive Inactive Inactive Inactive Inactive
10. 8181 5000 5 Inactive Inactive Inactive Inactive Inactive
11. 62,603 5000 5 Active Inactive Inactive Inactive Inactive
12. 3026 3474 5 Inactive Active Inactive Inactive Inactive
13. 5,284,421 20,000 6 Inactive Inactive Inactive Inactive Inactive
14. 5,367,462 20,000 6 Inactive Inactive Inactive Inactive Inactive
15. 110,444 5000 5 Inactive Inactive Inactive Inactive Inactive
16. 8343 1340 4 Inactive Active Inactive Inactive Inactive
17. 91,742,317 1400 4 Inactive Active Inactive Active Inactive
18. 519,794 1535 4 Inactive Active Inactive Inactive Inactive
19. 17,175 800 4 Inactive Active Inactive Inactive Inactive

Table 6

The amino acid residues that stabilize the complex structure of ligand and target (a-amylase).

S. CID Binding Interacting amino acid

No. energy

1. 587,968 —6.109 GLU233, HIE299, ASP300, ALA198, ASH197, ARG195, TYR62, TRP59, TRP58, LEU162, THR163, LEU165.

2. 7311 -5.713 ARG195, ASH197, TRP58, TRP59, HIE101, TYR62, GLN63, LEU162, THR163, LEU165, HIP305, ASP300, HIE299.

3. 545,303 —4.854 TYR151, ARG195, ASH197, ALA198, VAL98, HIE101, HIE299, ASP300, TYR62, TRP59, TRP58, LEU165, THR163, LEU162, HIP305.

4. 300,668 —4.395 HIE299, ASP300, GLU233, ILE235, ARG195, ASH197, ALA198, HIS201, LEU162, THR163, LEU165, GLN63, TYR62, GLU60, TRP59, TRP58,
HIP305.

5. 8834 —0.698 VAL98, HIE101, ALA198, ASH197, ARG195, LEU162, THR163, LEU165, GLN63, TYR62, TRP59, TRP58, HIP305, ASP300, HIE299, GLU233.

6. 5,284,421 —0.304 HIS201, LYS200, ALA198, ASH197, ARG195, LEU162, LEU165, GLN63, TYR62, GLU60, TRP59, TRP58, HIE101, HIE299, ASP300, GLU233,
ILE235, GLU240, TYR151.

7. 110,444 —0.108 HIS201, LYS200, ALA198, ASH197, ARG195, ILE235, GLU233, LEU162, THR163, LEU165, HIE101, GLY104, ILE51, GLN63, TYR62, TRP59,
TRP58, HIE299, ASP300, GLU290, TYR151.

8. 5,367,462  —0.275 TYR151, HIS201, LYS200, ALA198, ASH197, ARG195, ILE235, GLU233, LEU162, THR163, GLY164, LEU165, HIE101, GLY104, ALA106,
VAL106, ILE51, GLU63, TYR62, HIP305, TRP59, TRP58, ASP300, HIE299.

9. 8181 —0.405 TYR151, HIS201, LYS200, ALA198, ASH197, ARG195, ILE235, GLU233, HIE101, HIE299, ASP300, TRP58, TRP59, GLU60, TYR62, GLN63,
LEU165, LEU162.

10. 41774* —7.872 TYR151, ILE235, GLN233, HIS201, LYS200, ALA198, ASH197, ARG195, ASP300, HIE299, LEU162, THR163, GLY164, LEU165, VAL107,
GLY104, GLU63, TYR62, TRP59, TRP58, HIP305, GLY306.

*Standard.

disregarded at this point for additional docking investigation.

3.7. Molecular docking studies

The chosen compounds present in the MeOH extract were docked
within the active pocket of a-amylase and AChE. The docking analyses
have been widely used to identify the molecular targets of plant extract
constituents (Ahmad et al., 2022, 2021).Investigation of the interaction
between ligands and a target protein using molecular docking is an
essential tool for understanding the underlying processes determining
their inhibitory and binding capabilities. In this attempt, we observed
that selected compounds occupied the active pocket of the a-amylase
and AChE. The binding energy values were ranging from — 0.405 to —
6.109 kcal/mol (Table 6) and — 1.967 to — 8.007 kcal/mol for
a-amylase and AChE, respectively. In contrast, the standard drugs
acarbose and tacrine showed binding energies of — 7.872 and — 11.519,
respectively, for a-amylase and AChE. Our results demonstrated that
2,4-Di-tert-butylphenol most efficiently occupied the catalytic sites of
a-amylase and AChE, with binding affinities of — 6.109 and — 8.007,
respectively (Table 6 and 7). The 13 amino acid residues (ARG195,
ASH197, TRP58, TRP59, HIE101, TYR62, GLN63, LEU162, THR163,
LEU165, HIP305, ASP300, HIE299) and docked complex of AChE with
same ligand was surrounded by 20 residues (MET436, ILE439, HIS440,
GLY441, TYR442, GLH199, SER200, TYR130, GLY117, GLY118,

13

SER122, TRP84, ASP72, SER81, GLY80, TRP432, TYR334, LEU333,
PHE331, PHE330) (Figs. 5 and 6). The polyhydroxy acarbose molecule
was interacted with the ILE 235, ASP 300, and THR 163 amino residues
by their active sites of the protein as well as the ligand’s hydroxy groups.
On the contrary, 2,4-di-tert-butylphenol ligand was interacted with the
TRP 58 residue of amino acid by the pi-electrons and generated pi-pi
stacking forces. The tacrine (1,2,3,4-tetrahydroacridin-9-amine) ligand
was docked with the acetylcholinesterase protein using Schrodinger.
After docking, we found that the active sites of the tacrine molecule,
which is used as a ligand, interacted with various amino acid residues by
hydrogen bonding, metal coordination, pi-pi stacking, etc. In the docked
complex, the ligand has a primary amino group at the C-9 position of
tacrine that was bonded to the three amino acid residues (ASP 72, SER
81, and TRP 84) by hydrogen bonding.. Similarly, secondary amine,
which is present at the acridin ring of tacrine, was also bonded to the
HIS440 residue through hydrogen bonding. Moreover, pi-pi stacking
was also observed among the pi-electrons circulation and the PHE 330
and TRP 84 protein residues. In the docked complex of 2,4-Di-tert-
butylphenol and AChE, we noted only two types of interactions:
hydrogen bonding and pi-pi stacking. The SER 112 residue is interacted
with the help of hydrogen bonding which is possible by the hydroxyl
group, presented at the para-position of the 2,4-di-tert-butylphenol
ligand. Moreover, two amino acid residues, TRP 84 and PHE 330, also
interacted with the pi-electrons by pi-pi stacking. While all the chosen
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Interacted amino acid residues with active pocket of AChE.

S. CID Binding Interacting amino acid

No. energy

1. 587,968 —6.444 TYR334, MET436, PHE330, TRP432, GLH199, SER200, GLY119, GLY118, GLY117, ILE444, TYR442, GLY441, HIS440, ILE439, TYR130,
TRP84, SER81, GLY80.

2. 7311 —8.007 MET436, ILE439, HIS440, GLY441, TYR442, GLH199, SER200, TYR130, GLY117, GLY118, SER122, TRP84, ASP72, SER81, GLY80, TRP432,
TYR334, LEU333, PHE331, PHE330.

3. 545,303 —-5.227 TYR121, PHE330, PHE331, TYR334, GLY335, LEU282, TRP279, SER286, ILE287, PHE288, ARG289, PHE290.

4. 300,668 -5.157 TYR334, LEU333, PHE331, PHE330, TRP432, TYR130, GLH199, SER200, GLY117, GLY118, GLY119, TYR121, SER122, ASP72, TRP84,
SER81, GLY80, MET436, ILE439, HIS440, GLY441, TYR442, ILE444.

5. 8834 -3.196 TYR334, LEU333, PHE331, PHE330, GLH199, SER20, TYR121, GLY119, GLY118, GLY117, PHE288, PHE290, TYR442, GLY441, HIS440,
ILE439, MET436, TRP84, SER81, GLY80, TRP432.

6. 5,284,421 -3.716 PHE330, PHE331, TYR334, GLY117, GLY118, GLY119, TYR121, SER122, GLN199, SER200, ILE287, PHE288, ARG289, PHE290, LEU282,
TRP279, TRP84, ASP72, TRP432, SER81, GLY80, ILE439, HIS440, GLY441, TYR442.

7. 110,444 —2.224 TRP432, GLY80, SER81, TRP84, MET436, ILE439, HIS440, GLY441, TYR442, GLY117, GLY118, GLY119, TYR121, SER122, GLH199,
SER200, ALA201, PHE290, ARG289, TRP279, PHE288, ILE287, GLY335, TYR334, PHE331, PHE330.

8. 5,367,462 -1.977 TRP432, PHE330, PHE331, LEU333, TY334, GLY335, ILE287, PHE288, ARG289, PHE290, LEU282, TRP279, SER122, TYR121, GLY119,
GLH199, SER200, GLY118, GLY117, TYR442, GLY441, HIS440, ILE439, TRP84, SER81, GLY80.

9. 8181 —1.967 ILE444, TYR442, GLY441, HIS440, ILE439, MET436, TRP84, SER81, GLY80, TRP432, PHE330, PHE331, TYR334, ILE287, PHE288, ARG289,
PHE290, LEU282, TRP289, TYR121, GLY119, GLY118, GLY117, ALA201, SER200, GLH199.

10. 1935* —-11.519 TRP432, SER81, PHE330, TRP84, ILE444, TYR442, GLY441, HIS440, ILE439, MET436, GLH199, SER200, GLY119, GLY118, GLY117,
TYR130, TYR334, ASP72.

*Standard.

a-amylase

YR
151

T e
235

g
I

Gl
L2

Acarbose

T Va /

) Charged (negative) Polar

) Charged (positive)

Glycine Water
Hydrophobic Hydration site
) Metal

2,4-Di-tert-butylphenol

) Unspecified residue

HIE

-2
ASP 7
300‘
HIP
305 / g
ARG
OH 195
ASH
\ 197
TRP
58
LEU
165 e
TRP
59
THR Ll
163 101
S~ & TYR
162 GLN

63 — 02

—e Pi-cation
— Salt bridge
Solvent exposure

Distance

— H-bond

» Halogen bond
Metal coordination

X, Hydration site (displaced) e—e Pi-Pi stacking

Fig. 5. The 2D image represents the in-silico binding pattern of (A) acarbose and (B) 2,4-Di-tert-butylphenol within the active pocket of a-amylase crystal structure.

compounds engaged with the catalytic sites of both target enzymes,
leading to the inhibition of their activities, it remains uncertain whether
all or only a subset of these compounds contribute to the effective
inhibitory action of the extract. Further extending the in-silico study, we
have performed the molecular docking with crystal structure of human
Angiotensin Converting Enzyme (ACE), PDB ID- 108A. ACE play a vital
role in the control of blood pressure. Emerging empirical data suggests
that pharmacological interventions targeting the renin-angiotensin
system (RAS) offer distinctive advantages, not only for individuals’
post-myocardial infarction and those suffering from congestive heart
failure, but also for individuals with hypertension concomitant with the
cardiometabolic syndrome and type 2 diabetes mellitus (McFarlane

14

et al., 2003). Our results depicted that 4 compounds occupied the active
pocket of ACE in which 2,4-Di-tert-butylphenol was the best with highest
binding affinity of —6.030 Kcal/mol (Table. 8). The complex structure
was stabilized by 18 amino acid residues; TYR523, PHE457, PHE527,
TYR520, HIE513, LYS511, GLN281, TRP279, ASP377, VAL380,
ALA354, GLU162, HIS353, HIS383, GLU384, GLU411, ZN701, ASP415
(Fig. 7). Nevertheless, the outcomes of our laboratory-based and
computational investigations underscore the potential of the MeOH
extract from Magzus pumilus to have antidiabetic and anti-Alzheimer
properties.
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Table 8
The amino acid residues interacting with the active pocket of ACE to stabilize the
interaction.

TYR
7
Oy 523

S.
No.

CID

Binding
energy

Interacting amino acid GLU

1.

587,968

—4.835

TYR520, TYR523, ZN701, ALA354, HIS353,

PHE
457

PHE

LYS511, HIE513, GLN281, THR282, VAL379,
VAL380, HIS383, ASP415, ASP453, LYS454,
PHE457, PHE527.

TYR523, PHE457, PHE527, TYR520, HIE513,
LYS511, GLN281, TRP279, ASP377, VAL380,
ALA354, GLU162, HIS353, HIS383, GLU384,
GLU411, ZN701, ASP415.

PHE527, TYR520, TYR523, PHE457, THR282,
GLN281, TRP279, ASP377, VAL179, VAL380,
GLN369, HIS353, LYS511, HIS383, ALA354, HIE.
513, GLU162, GLU384, GLU411, HIS387,
ZN701, VAL518.

LYS454, TYR523, ASP415, PHE457, TYR520,
GLN281, TRP279, HIE513, LYS511, GLN369,
HIS353, ALA354, GLU169, ASP377, VAL379,
VAL380, HIS383, GLU384, PHE527.

2. 7311 —6.030

3. 545,303 -5.119

4. 300,668  —4.641

4. Conclusion

Mazus pumilusBased on the results obtained from our in-vitro and in-
silico investigations, we have concluded that Mazus pumilus extract and
its secondary metabolites could fend against diabetes and Alzheimer by
impeding the o-amylase and AChE. Furthermore, it is unequivocally
evident that the MeOH extract exhibits robust antioxidant efficacy
against DPPH (IC50:19.45 + 1.32 ug/mL) and ABTS radical (ICs0:20.54
+ 1.81 pg/mL).The study was substantiated through molecular docking
studies involving compounds identified via GC-MS with the crystal
structures of a-amylase and AChE. The binding energies for a-amylase
and AChE were ranging from — 0.405 to — 6.109 kcal/mol and — 1.967

15

GLU TYR

38i‘ 520
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HIS
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281
OH
~
T LYS
ALA 511
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TRP
VAL
380 279

GLN GLU
369 162 '

Fig. 7. 2D image representation of stabilized complex structure of ACE by 2,4-
Di-tert-butylphenol.

to — 8.007 kcal/mol, respectively. Consequently, utilizing the full
spectrum of these compounds/extracts could serve as a promising
strategy for mitigating oxidative stress and hyperglycaemia, along with
addressing Alzheimer’s. However, it is imperative to conduct in-vivo
investigation to grasp the roles of these extracts and their bioactive
components.
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