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the docked complex (AChE-apiin, AChE-maritimetin-6-
O-glucoside, AChE-paenoniflorin, and AChE-
silychrystin) throughout the 100 ns simulation, showing
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destabilises the complex, while a negative value implies
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Molecular mechanics Poisson-Boltzmann surface area

95-96

Xvii




(MMPBSA) analysis for calculating the binding free
energy of the receptor-ligand complex). (A) The binding
free energy (kJ/mol) of the receptor-ligand complex
(AChE-apiin, AChE-maritimetin-6-O-glucoside, AChE-
paenoniflorin, and AChE-silychrystin) for the 100 ns of
MD simulation trajectories, showing AChE-silychrystin
complex as the strongest binding energy. (B) MMPBSA
analysis revealed that comparable residues of AChE are
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wise breakdown of binding free energy. (C, D, E, and F)
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glucoside, paenoniflorin, and silychrystin, respectively).
The breakdown of the binding free energy from
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nonpolar solvation energy, and polar solvation) is also
displayed. A positive value destabilises the complex,
while a negative value implies the formation of a stable
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Figure 18

Scatter plots derived from PCA (Principal Component
Analysis) display the displacement of alpha carbon (Ca)
atoms along the first and second eigenvectors of receptor-
ligand complex. (A) BACELl-ergocristine. (B) BACE1-
nicotiflorin.  (C) BACEZ1-isorhamnetin-3-O—rutinoside.
(D) BACE1-voacamine. These plots indicate that
voacamine restricts the collective motion of the BACEL
receptor to a greater extent compared to the other

compounds.
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Figure 19

Scatter plots derived from PCA (Principal Component
Analysis) display the displacement of alpha carbon (Ca)
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atoms along the first and second eigenvectors of receptor-
ligand complex. (A) AChE-apiin. (B) AChE-maritimetin-
6-O-glucoside. (C) AChE-paenoniflorin. (D) AChE-
silychrystin. These plots indicate that maritimetin-6-O-
glucoside restricts the collective motion of the AChE
receptor to a greater extent compared to the other

compounds.

Figure 20

Snapshot images depict the motion of top hit ligands
inside the protein binding site of BACE1l at 20 ns
intervals throughout a 100 ns period of molecular

dynamics simulation.
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Figure 21

Snapshot images depict the motion of top hit ligands
inside the protein binding site of AChE at 20 ns intervals
throughout a 100 ns period of molecular dynamics

simulation.
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Figure 22

The impact of the methanolic extract derived from the
seed pod of Parkia timoriana on the body weight, feed,
and water intake of the Wistar rats that were exposed to it
in a single-dose acute toxicity study. (A) The impact on
daily food consumption. (B) The impact on the volume of
water consumed daily. (C) The impact on the body
weight was measured every alternate day for a period of
14 days.
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Figure 23

The effect of a single-dose of PTME on the liver (liver
function test) of Wistar rats that were exposed to it in an
acute toxicity study. (A) The level of AST (aspartate
aminotransferase) showed no significant change between
the treatment groups. (B) The level of ALT (alanine
transaminase) showed no significant change between the
treatment groups. (C) The level of ALP (alkaline
phosphatase) was significantly high in 5000 mg/kg
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treatment group. All values are expressed as mean *
SEM, n = 5. p < 0.05 shows a significant difference (one-
way ANOVA/Tukey’s multiple comparison). Statistically
significant data are represented with different alphabetical
letters.

Figure 24

The effect of a single-dose of PTME on the kidney
(kidney function test) of Wistar rats that were exposed to
it in an acute toxicity study. (A) The level of creatinine
was significantly high in the 5000 mg/kg treatment group.
(B) The level of urea showed no significant change
between the treatment groups. All values are expressed as
mean = SEM, n = 5. p < 0.05 shows a significant
difference  (one-way =~ ANOVA/Tukey’s  multiple
comparison). Statistically significant data are represented

with different alphabetical letters.
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Figure 25

The effect of a single dose of PTME on the
histopathological sections (40x magnification; H & E) of
liver tissue of Wistar rats that were exposed to it in an
acute toxicity study. (A) Control. (B) 1000 mg/kg treated
group. (C) 3000 mg/kg treated group. (D) 5000 mg/kg
treated group. The histopathological section of the 5000
mg/kg treated group showed alterations, with the central
vein showing congestion, slight dilation in the sinusoids,
and damaged hepatocytes. Whereas, the other groups
showed normal liver architecture as the control. PV-
portal vein, CV- central vein, H- hepatocyte, S- sinusoids,

K- Kupffer’s cell, and HA- hepatic artery.
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Figure 26

The effect of a single dose of PTME on the
histopathological sections (40x magnification; H & E) of
kidney tissue of Wistar rats that were exposed to it in an
acute toxicity study. (A) Control. (B) 1000 mg/kg treated
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group. (C) 3000 mg/kg treated group. (D) 5000 mg/kg
treated group. The histopathological section of the 5000
mg/kg treated group showed deteriorated alterations, with
an enlarged Bowman’s space around the glomerulus and
an enlarged PCT. Whereas, the other groups showed
normal structure of glomerulus, Bowman’s capsule, DCT,
and PCT. A slight enlargement in Bowman’s capsule is
seen in 3000 mg/kg treated group. G- glomerulus, B-
Bowman’s capsule, BS- Bowman’s space, DCT- Distal

convoluted tubule, and PCT- Proximal convoluted tubule.

Figure 27

The impact of repeated-dose of the PTME on the body
weight, feed and water intake by the Wistar rats that were
exposed to it in a sub-acute toxicity study. (A) The impact
on the food ingested was measured on an alternate day
basis. (B) The impact on the volume of water consumed
was recorded every other day. (C) The impact on the
body weight was measured on a weekly basis for a period
of 28 days.

165

Figure 28

The effect of a repeated-dose of PTME on the liver (liver
function test) of Wistar rats that were exposed to it in a
sub-acute toxicity study. (A) The level of AST (aspartate
aminotransferase) showed no significant change between
the treatment groups. (B) The level of ALT (alanine
transaminase) showed no significant change between the
treatment groups. (C) The level of ALP (alkaline
phosphatase) showed no significant change between the
treatment groups. All values are expressed as mean *
SEM, n = 5. p < 0.05 shows a significant difference (one-
way ANOVA/Tukey’s multiple comparison). Statistically
significant data are represented with different alphabetical
letters.
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Figure 29

The effect of a repeated-dose of PTME on the kidney
(kidney function test) of Wistar rats that were exposed to
it in a sub-acute toxicity study. (A) The level of creatinine
showed no significant change between the treatment
groups. (B) The level of urea showed no significant
change between the treatment groups. All values are
expressed as mean £ SEM, n = 5. p < 0.05 shows a
significant  difference  (one-way =~ ANOVA/Tukey’s
multiple comparison). Statistically significant data are

represented with different alphabetical letters.
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Figure 30

The effect of a repeated-dose of PTME on the
histopathological sections (40x magnification; H & E) of
liver tissue of Wistar rats that were exposed to it in a sub-
acute toxicity study. (A) Control. (B) 20 mg/kg treated
group. (C) 50 mg/kg treated group. (D) 100 mg/kg treated
group. (E) 300 mg/kg treated group. The 300 mg/kg
treated group's histopathological section showed a liver
with a skewed structure, a congested central vein, and
damaged hepatocytes. Whereas, the other treated groups
showed normal hepatocytes, portal vein, sinusoids, and
hepatic artery, similar to the control group. PV- portal
vein, CV- central vein, H- hepatocyte, S- sinusoids, K-
Kupffer’s cell, HA- hepatic artery, and BD- bile duct.
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Figure 31

The effect of a repeated-dose of PTME on the
histopathological sections (40x magnification; H & E) of
kidney tissue of Wistar rats that were exposed to it in a
sub-acute toxicity study. (A) Control. (B) 20 mg/kg
treated group. (C) 50 mg/kg treated group. (D) 100 mg/kg
treated group. (E) 300 mg/kg treated group. The
histopathological section of the 300 mg/kg treated group
showed significant damage. The kidney architecture of
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the other treated groups, comparable to the control group,
was normal. G- glomerulus, B- Bowman’s capsule, BS-

Bowman’s space.

Figure 32

The methanolic extract of Parkia timoriana seed pod
improved the cognitive impairment in an aluminum
chloride-mediated Alzheimer’s disease rat. (A) The effect
of PTME on the recognition index percentage in a novel
object recognition (NOR) test. (B) The effect of PTME
on the spontaneous alternation percentage (SAP) in a Y-
maze test. All values are expressed as mean = SEM, n =
5. p < 0.05 shows a significant difference (one-way
ANOVA/Tukey’s multiple comparison). Statistically
significant data are represented with different alphabetical

letters.
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Figure 33

The methanolic extract of Parkia timoriana seed pod
lowered lipid peroxidation (measured as MDA level), a
sign of oxidative stress, in the hippocampus of an
aluminum chloride-mediated Alzheimer’s disease rat. All
values are expressed as mean =+ SEM, n = 5. p < 0.05
shows a significant difference (one-way
ANOVA/Tukey’s multiple comparison). Statistically
significant data are represented with different alphabetical

letters.
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Figure 34

The methanolic extract of Parkia timoriana seed pod
increased the anti-oxidant markers (glutathione, GSH,;
glutathione-S-transferase, GST) in the hippocampus of an
aluminum chloride-mediated Alzheimer’s disease rat. (A)
The effect of PTME on the level of GSH in an AD rat.
(B) The effect of PTME on GST levels in an AD rat. All
values are expressed as mean =+ SEM, n = 5. p < 0.05

shows a significant difference (one-way
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ANOVA/Tukey’s multiple comparison). Statistically
significant data are represented with different alphabetical

letters.

Figure 35

PTME decreased the level of acetylcholinesterase
(AChE) in an aluminum chloride-mediated Alzheimer’s
disease rat. All values are expressed as mean £ SEM, n =
5. p < 0.05 shows a significant difference (one-way
ANOVA/Tukey’s multiple comparison). Statistically
significant data are represented with different alphabetical

letters.
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Figure 36

Neuroprotective effect of PTME on neuroinflammation in
the hippocampus of an aluminum chloride-mediated
Alzheimer’s disease rat. (A) NF-kB. (B) TNF-a. (C) IL-6.
All values are expressed as mean + SEM, n = 5. p < 0.05
shows a significant difference (one-way
ANOVA/Tukey’s multiple comparison). Statistically
significant data are represented with different alphabetical

letters.
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Figure 37

PTME treatment reduced apoptosis in the hippocampal
region of an aluminum chloride-mediated Alzheimer's
disease rat. (A) Active caspase-3. (B) BCL-2. (C) Bax.
All values are expressed as mean + SEM, n =5. p < 0.05
shows a significant difference (one-way
ANOVA/Tukey’s multiple comparison). Statistically
significant data are represented with different alphabetical

letters.
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Figure 38

Ameliorative effect of PTME on the AD pathological
markers in the hippocampal region of an aluminum
chloride-mediated Alzheimer’s disease rat. (A) BACE1.
(B) AB. (C) Tau. All values are expressed as mean +
SEM, n = 5. p < 0.05 shows a significant difference (one-
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way ANOVA/Tukey’s multiple comparison). Statistically
significant data are represented with different alphabetical

letters.

Figure 39

PTME administration improved the histopathological
alterations in the hippocampus of an aluminum chloride-
mediated Alzheimer’s disease rat. (A) Group 1, or the
control group, showed viable, well-defined neuronal cells
with a distinct nucleus (arrow). (B) Group 2 or AICl3
group showed a large number of damaged, distorted,
irregular neuronal cells (arrowhead) with shrunken
cytoplasm and dark pyknotic nuclei. (C) Group 3 or AICls
+ Pts group showed a bit of improvement from damaged
neurons (arrowhead), as a greater number of normal
neurons (arrow) were seen compared to group 2. (D)
Group 4 or AICI3 + Pty group showed a remarkable
decrease in the number of injured or damaged cells and
an increase in the number of viable neuronal cells.
Arrow- viable and well-defined neuronal cells.
Arrowhead- damaged, distorted, and irregular neuronal

cells.

177

XXV




LIST OF TABLES

Table No.

Table caption

Page No.

Table 1

The phytocompounds present in the methanolic extract of
Parkia timoriana seed pod were identified using GC-MS
(gas chromatography-mass spectrometry) and LC-MS

(liquid chromatography-mass spectrometry) studies.

39-40

Table 2

The values of LDsp (Rattus), LCso (Pimephales promelas;
Daphnia magna), and 1GCso (Tetrahymena pyriformis) of
the phytocompounds found in the methanolic extract of
Parkia timoriana seed pod were determined utilising the
TEST software (Toxicity Estimation Software Tool) on the
basis of a QSAR model (quantitative structure—activity

relationship).

41-43

Table 3

The predicted values of bioaccumulation factor,
mutagenicity, and developmental toxicity of the
phytocompounds found in the methanolic extract of Parkia
timoriana seed pod were derived utilising the TEST

software (Toxicity Estimation Software Tool).

44-45

Table 4

Prediction of different toxicity parameters (oral toxicity,
carcinogenicity, reproductive toxicity, NOAEL, and
repeated dose toxicity) and drug-likeness properties
(Lipinski rule of five and cytochrome-P450 Metabolism)
on the basis of QSAR model (quantitative structure—
activity relationship) utilising different software (Toxtree,
VEGA HUB, and OECD QSAR).

46-49

Table 5

Prediction of different biological activities of the
phytocompounds found in the methanolic extract of Parkia

timoriana seed pod using PASS (wayZ2drug).

50-52

Table 6

Phytocompounds, found in methanolic extract of Parkia

timoriana seed pods, used as ligands for molecular docking

101-105

XXVi




analysis against BACE1 and AChE protein receptors.

Table 7

Predicted ADMET (absorption, distribution, metabolism,
excretion, and toxicity) properties of the phytocompounds
found in the methanolic extract of Parkia timoriana seed
pod using SwisSADME and Molinspiration tools.

106-108

Table 8

Prediction of pharmacokinetic properties, water solubility,
and lipophilicity of the phytocompounds from the
methanolic extract of Parkia timoriana using SwissADME
and Molinspiration tools.

109-111

Table 9

Predicted pharmacokinetic properties, medicinal chemistry,
and drug-like qualities of the phytocompounds from the
methanolic extract of Parkia timoriana using SwissADME
and Molinspiration tools.

112-114

Table 10

The binding affinity values of each phytocompound
(ligand) found in Parkia timoriana seed pods docked
against BACE1 and AChE receptors acquired using the

autodock vina tool.

115-116

Table 11

The predicted affinity for binding and interaction between
the residues of the BACE1L receptor and the most potent
phytocompounds (ligands) of Parkia timoriana seed pods.

117

Table 12

The predicted affinity for binding and interaction between
the residues of the AChE receptor and the most potent

phytocompounds (ligands) of Parkia timoriana seed pods.

118

Table 13

Examination of the stability, compactness, and fluctuation
of the most potent phytocompounds found in methanolic
extract of Parkia timoriana seed pods docked with the
BACEL1 receptor.

119

Table 14

Examination of the stability, compactness, and fluctuation
of the most potent phytocompounds found in methanolic
extract of Parkia timoriana seed pods docked with the
AChE receptor.

120

XXVii




Table 15

Total binding energy (kJ/mol) analysis by MMPBSA
approach of the most potent phytocompounds found in
methanolic extract of Parkia timoriana seed pods docked
with the BACEL1 receptor.

121

Table 16

Total binding energy (kJ/mol) analysis by MMPBSA
approach of the most potent phytocompounds found in
methanolic extract of Parkia timoriana seed pods docked
with the AChE receptor.

122

Table 17

The effect of a single-dose methanolic extract of Parkia
timoriana seed pod on the physical observations of Wistar
albino rats exposed to it in an acute toxicity study.

178

Table 18

The impact of a single-dose methanolic extract of Parkia
timoriana seed pod on the body weight and relative organ
weight of Wistar albino rats exposed to it in an acute

toxicity study.

179

Table 19

The impact of a single-dose methanolic extract of Parkia
timoriana seed pod on the haematological parameters of
Wistar albino rats exposed to it in an acute toxicity study.
All values are expressed as mean £ SEM, n = 5. *p < 0.05
shows a significant difference (one-way ANOVA/Tukey’s
multiple comparison). Statistically significant data are

represented with different alphabetical letters.

180

Table 20

The impact of a single-dose methanolic extract of Parkia
timoriana seed pod on the biochemical analysis of Wistar
albino rats exposed to it in an acute toxicity study. All
values are expressed as mean £ SEM, n = 5. *p < 0.05
shows a significant difference (one-way ANOVA/Tukey’s
multiple comparison). Statistically significant data are

represented with different alphabetical letters.

181

Table 21

The effect of a repeated-dose methanolic extract of Parkia

timoriana seed pod on the physical observations of Wistar

182

XXVilii




albino rats exposed to it in a 28 days sub-acute toxicity

study.

Table 22

The effect of a repeated-dose methanolic extract of Parkia
timoriana seed pod on the body weight and relative organ
weight of Wistar albino rats exposed to it in a sub-acute

toxicity study.

183

Table 23

The effect of a repeated-dose methanolic extract of Parkia
timoriana seed pod on the haematological parameters of
Wistar albino rats exposed to it in a sub-acute toxicity
study. All values are expressed as mean + SEM, n =5, *p <
0.05 shows a significant difference  (one-way
ANOVA/Tukey’s multiple comparison). Statistically
significant data are represented with different alphabetical

letters.

184

Table 24

The impact of a repeated-dose methanolic extract of Parkia
timoriana seed pod on the biochemical analysis of Wistar
albino rats exposed to it in a sub-acute toxicity study. All
values are expressed as mean + SEM, n = 5. *p < 0.05
shows a significant difference (one-way ANOVA/Tukey’s
multiple comparison). Statistically significant data are
represented with different alphabetical letters.

185

XXiX




LIST OF ABBREVIATIONS

Ach Acetylcholine

AD Alzheimer’s disease

ADMET | Absorption, distribution, metabolism, excretion, and toxicity
AICl3 Aluminum chloride

ALP Alkaline phosphatase

ALT Alanine transaminase

APP Amyloid precursor protein

ARIA Amyloid-related imaging abnormalities

AST Aspartate aminotransferase

ATSDR | Agency for toxic substances and disease registry
AR Amyloid-beta

BACE1 | Beta-site amyloid precursor protein cleaving enzyme 1
BBB Blood brain barrier

BCF Bioconcentration factor

Bcl-2 B cell leukemia/lymphoma-2

BDNF Brain-derived neurotrophic factor

BSI Botanical survey of India

BuChE Butyrylcholinesterase

CADD Computer-aided drug design

CCL Chemokines like C-C motif chemokine ligand
CE-MS Capillary electrophoresis—mass spectrometry
CNS Central nervous system

Cv Central vein

CXCL CXC motif chemokine ligand

DTNB 5,5'-dithiobis(2-nitrobenzoic acid)

ELISA Enzyme-linked immunosorbant assay

ESOL Estimated SOLubility

ETA Expected time of arrival

FAD Familial Alzheimer’s disease

XXX




FTIR Fourier-transform infrared spectroscopy
GAFF General AMBER force field

GC-MS | Gas chromatography—mass spectrometry
GGT Gamma-glutamyl transferase

GHS Globally harmonised classification system
Gl Gastrointestinal absorption

GPX Rlutathione peroxides

GR Glutathione reductase

GSH Glutathione

GSK-3p | Glycogen synthase kinase 3/

GST Glutathione-S-transferase

H Hepatocyte

HA Hepatic artery

Hb- Haemoglobin

HBA Hydrogen bond acceptor

HBD Hydrogen bond donor

HCT Hematocrit

IGCso Inhibition growth concentration 50%
iLOGP Implicit log P

iINOS Inducible nitric oxide synthase

Isaec International serious adverse events consortium
K Kupfter’s cell

LCso Lethal concentration 50%

LC-MS Liquid chromatography—mass spectrometry
LDso Lethal dose 50%

LINCS LINear constraint solver

LPO Lipid peroxidation

MAPK Mitogen-activated protein kinase

MCH Mean corpuscular haemoglobin

MCHC Mean corpuscular haemoglobin concentration

XXXI




MCI Moderate cognitive impairment

MCV Mean cell volume

MDA Malondialdehyde

MR Molar refractivity

MW Molecular weight

NCBI National centre for biotechnology information
NCEs New chemical entities

NFTs Neurofibrillary tangles

NF-«xB Nuclear factor-kappaB

NIST National institute of standards and technology
NMDA N-methyl-D-aspartate

NMR Nuclear magnetic resonance

NO Nitric oxide

NOAEL | No observed adverse effect level

NOR Novel object recognition

OECD Organisation for economic co-operation and development
0OSDD Open-source drug discovery

PAINS Pan-assay interference compounds

PASS Prediction of activity spectra for substances
PCA Principal component analysis

PDB Protein data bank

Pdbqt Protein data bank, partial charge, and atom type
P-gp Permeability glycoprotein

PHG Polyherbal granules

PME Particle mesh ewald

p-STAT3 | Phosphorylated signal transducer and activator of transcription-3
PTME Methanolic extract of Parkia timoriana see pod
PV Portal vein

PyRx Python prescription

QSAR Quantitative structure activity relationship

XXXii




RB Rotatable bond

RBC Red blood cells

RCSB Research collaboratory for structural bioinformatics
RI Recognition index

ROS Reactive oxygen species

S Sinusoids

SAP Spontaneous alternation percentage

SAR Structure activity relationship

SASA Solvent accessible surface area

SBDD Structure-based drug design

SDF Structure-data file

SEM Standard error of the mean

SMILES | Simplified molecular input line entry system

TBA Thiobarbituric acid

TCA Trichloroacetic acid

TERIS Teratogen information system

TFAM Mitochondrial transcription factor-A

TFC Total flavonoid content

TLRs Toll-like Receptors

TNF Tumour necrosis factor
TPSA Topological polar surface area
UFF- Universal force field

UPLC Ultra performance liquid chromatography

ULN Upper limit of normal

WBC White blood cells

XXXiii




CHAPTER-1

1.1. GENERAL INTRODUCTION

1.1.1. Introduction to Alzheimer’s disease (AD)

Alzheimer’s disease (AD) is a neurodegenerative disease that is the most prevalent and
complex type of dementia, exhibiting a variety of cognitive deficits, altered personality
traits, and aberrant behaviour (Alzheimer’s association, 2024; Ravi et al., 2018). The
World Health Organisation (WHO) projects that there will be 139 million dementia
patients worldwide by 2050, up from 55 million in 2019 (WHO, 2023). Additionally,
it is predicted that the expenses related to dementia would double, reaching $2.8

trillion by 2030 from US$1.3 trillion annually in 2019 (Long et al., 2023).

The two main pathogenic markers seen in AD are neurofibrillary tangles (NFTs) and
senile plaques, although the precise processes causing these changes are yet unknown.
Senile plaque is produced when extracellular AP peptide aggregate, while aberrant
hyperphosphorylated tau protein deposits result in NFTs. In addition, AD has been
associated with mitochondrial malfunction, neuroinflammatory, impaired
neurotransmissions, hormonal changes, and cell cycle abnormalities (Tarragon et al.,

2013; Lam et al., 2016).

Alois Alzheimer was the first to document AD in 1907. Despite the fact that the idea
of dementia has been around for many years, the key clinical condition and related
neurodegenerative alterations were first identified in the last century. In 1907, Alois
Alzheimer meticulously documented the symptoms of Auguste Deter, a 51-year-old
lady in his care at an asylum in Frankfurt, Germany (Alzheimer et al., 1995). The
account of the symptoms by Alzheimer's is most likely the first neuropsychological
description of AD. Alzheimer performed a microscopic examination of Auguste
Deter's brain after her death using the novel silver staining histology method. He saw
the amyloid angiopathy, NFTs, and senile plaques that are now recognised as the key
markers of the disease (Bondi et al., 2018). By 1911, physicians in both Europe and
the US were diagnosing patients based on Alzheimer's descriptions (Mauer and
Mauer, 2003).



1.1.2. Different stages of Alzheimer’s disease

Alzheimer's disease-related dementia is typified by AD’s biomarker together with
observable memory, language, cognitive, or behavioural symptoms that affect the
ability of a person to function in everyday life (Villemagne et al., 2013). People with
Alzheimer's disease often suffer a variety of symptoms that alter over time. The degree
of neuronal loss in various brain regions is reflected in these symptoms. Alzheimer’s
disease has three stages: mild, moderate, and severe. The rate at which mild, moderate,
and severe dementia symptoms progress varies from patient to patient (Mahdi et al.,
2019). While most people with mild AD are able to operate independently in many
fields, they will probably need assistance with certain activities in order to maintain
their safety and maximise their independence. In addition to work, they might still be
able to drive and engage in their favourite hobbies. It could take them longer to do
everyday chores (Alistair and Steve, 2009). However, individuals with moderate AD
struggle more with memory loss and language difficulties, are more prone to
confusion, and find it more difficult to do multistep chores like getting dressed and
taking a shower. They could sometimes lose their ability to urinate, start having trouble
identifying loved ones, and exhibit behavioural and psychological changes, including
anxiety and suspicion. As AD progresses to a severe degree, individuals lose their
ability to accomplish everyday tasks like eating, walking around, dressing, and taking
a shower on their own. Their verbal communication skills are significantly impaired,
and they will probably need 24-hour care (Alzheimer’s Association, 2024; Alistair
and Steve, 2009).

1.1.3. Different hypotheses of Alzheimer’s disease
1.1.3.1. Cholinergic hypothesis

The cholinergic hypothesis predates all of the other proposed explanations for AD
aetiology (Devi and Ohno, 2012). This theory proposes that the deficiency of the
neurotransmitter acetylcholine is the root cause of Alzheimer's disease. Researchers
have proposed the cholinergic hypothesis for over 30 years, which states that the
cognitive loss seen in Alzheimer's disease patients is caused by aberrant neurons that

carry acetylcholine. Neurons essentially produce acetylcholine (ACh), which plays a



crucial role in transmitting sensory-related information and physiological functions
like sleep, learning, stress response, alertness, memory, and attention. Researchers
have identified cholinergic neuron damage as a significant pathogenic modification

that correlates with AD's cognitive decline (Francis et al., 1999; Terryet al., 2003).
1.1.3.2. Amyloid hypothesis

The amyloid hypothesis is currently the most frequently recognized and researched
theory in existence, despite the fact that the precise aetiology of AD is still up for
debate (Mohandas et al., 2009). Among the most important features of AD
pathophysiology is unquestionably the existence of amyloid plaques. This hypothesis
states that APP's proteolytic cleavage forms amyloid plaques, which are essential to
AD pathogenesis. Research indicates that the majority of the material in amyloid
plaques in AD is polypeptides (about 4 kDa), typically synthesised in soluble form.
Studies have shown that the AP protein has several isoforms, the majority of which are
between amino acids 39 and 43. 56 amino acids make up the ectodomain of the two
APP isoforms, APP751 and APP770 (Hardy and Selkoe, 2002; Skovronsky et al.,
20006).

In addition, research has shown that the two most prevalent isoforms are AB42 and
AB40 (Golde et al., 2000). It has been discovered that the abnormal processing of APP
leads to the formation of imbalanced insoluble AP isoforms. Cluster formation forms
amyloid protein aggregates, including oligomers and protofibrils. It has been proposed
in earlier research that this is caused by the conversion of A monomers to AB
oligomers prior to accumulation (Kayed et al., 2003). Over time, the oligomers cause
harm to neurons. Hence, in the early stages of Alzheimer's disease, substantial amounts
of insoluble and probably AB42 oligomers cause synaptic damage (Sanchez-Varo et

al., 2012).
1.1.3.3. Tau hypothesis

The tau hypothesis states that when tau protein is overly phosphorylated, it changes
from normal tau to PHF (paired helical filament) and NFTs (Mohandas et al., 2009;
Swerdlow et al., 2004). At one point, research on AD concentrated on Af. Researchers

have only just started to pay attention to tau proteins since several investigations have
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demonstrated that tau proteins are among the important components of NFTs.
Hyperphosphorylation is one of the post-translational modifications that tau
undergoes; this process significantly affects the integrity of microtubules and
contributes to tau protein buildup in Alzheimer's disease (Duan et al., 2017).
According to previous research, the process of hyperphosphorylation involves changes
in tau protein structure. The conversion of tau monomer to tau oligomer follows,
resulting in the formation of paired helical filaments and NFTs (Patterson et al., 2011;

Lasagna-Reeves et al., 2010).
1.1.4. Risk factors of Alzheimer’s disease

Alzheimer's disease mostly affects those individuals who are typically aged 65 and
above, known as late-onset Alzheimer's disease. It's believed by experts that
Alzheimer's, similar to many other prevalent chronic illnesses, arises due to a
combination of factors rather than a solitary cause. There are some exceptions, such as
instances of Alzheimer's linked to trisomy 21 in Down syndrome and rare occurrences
of the disease associated with particular genetic mutations (Alzheimer’s association,

2024).

Age- The primary risk factors associated with Alzheimer's disease revolve around
advancing age. The prevalence of Alzheimer's disease significantly rises as individuals
grow older. Alzheimer's dementia specifically affects 5% of those aged 65 to 74, 13.2%
of those aged 75 to 84, and 33.4% of those aged 85 or above (Hebert et al., 2013).
However, it's crucial to understand that Alzheimer's disease is not a typical aspect of

aging, and simply being older does not cause this condition (Nelson et al., 2011).

Genetics- Researchers have identified numerous genes that either raise or lower the
risk of Alzheimer's disease. In 2022, they discovered 31 new genes that seem to
influence biological processes associated with Alzheimer's disease (Bellenguez et al.,
2022). Among the many genes that elevate the risk, APOE-e4 has the most significant
impact on the likelihood of developing late-onset Alzheimer's disease. APOE encodes
a protein responsible for transporting cholesterol in the blood. Every individual inherits
one of the three APOE gene variants (e2, e3, or e4) from each parent, leading to six

possible APOE pairings (e2/e2, e2/e3, e2/e4, e3/e3, e3/e4, and e4/e4). Carrying the e4



allele of the APOE gene heightens the risk of developing Alzheimer's disease
compared to the e3 or e2 alleles, although it does not make the disease inevitable. In
contrast, the €2 allele may lower the risk when compared to the e3 or e4 alleles. Persons
with the e2 allele who develop Alzheimer’s typically do so later in life than those
lacking this allele. Experts believe that the e3 allele has no significant impact on the
risk of Alzheimer's disease. Typically, the probability of developing Alzheimer’s
disease rises with inheriting a single copy of the e4 variant, and this risk escalates even
more with inheriting two copies of the e4 variant, as opposed to inheriting only copies

of'the e2 or 3 variants (Nelson et al., 2011; Bellenguez et al., 2022; Loy et al., 2014).

According to estimates, mutations in any of three particular genes—the amyloid
precursor protein, presenilin 1, and presenilin 2—cause Alzheimer's dementia in 1%
or less of cases (Bekris et al., 2010). In this case, symptoms typically appear before
age 65 and can sometimes emerge as early as age 30. Therefore, persons with these
mutations may be described as having early-onset Alzheimer's disease. People who
inherit a mutation in one of these specific genes are nearly certain to develop
Alzheimer's if they live to a typical age (Goldman et al., 2011). Nonetheless, there
have been rare instances where individuals with one of these mutations do not exhibit
symptoms until much later in life (Lopera et al., 2023; Arboleda-Velasquez et al.,
2019).

Family history- A family history of Alzheimer’s disease is not required for someone to
acquire the disease. However, persons with whose first-degree relative (a parent or
sibling) who has or had Alzheimer’s disease are at a higher risk of developing it
compared to those without a first-degree relative with the disease (Green et al., 2002;
Loy et al., 2014). The risk increases further for those with more than one first-degree

relative affected by Alzheimer’s disease (Lautenschlager et al., 1996).

Age, genetics, and family history are unchangeable risk factors, but we can alter certain
other risk factors to decrease the likelihood of dementia. Modifiable risk factors
include education, diet, physical activity, social and mental engagement, blood
pressure, and smoking. The Lancet Commission report suggests that these modifiable

risk factors could link to 40% of dementia cases (Livingston et al., 2020). In 2022, a



study linked eight modifiable risk factors to almost 37% of dementia cases in the US,
with midlife obesity being the most prevalent, followed by a lack of physical activity

and lower educational qualifications (Nianogo et al., 2022).
1.1.5. Treatment of Alzheimer’s disease

Currently, Alzheimer's disease has no known treatment and no known means of
prevention. Research centres worldwide are focusing on finding ways to cure or
prevent dementia, given that over 55 million people worldwide suffer from
Alzheimer's and other dementias, which have a terrible impact on people's lives

(Alzheimer’s association, 2024; WHO, 2023).

There are now eight medications on the market that can treat Alzheimer's disease
(Alzheimer’s association, 2024). Lecanemab and aducanumab alter the fundamental
biology of AD and slow its progression. Their involvement in removing plaques and
protofibrils, a kind of beta-amyloid that contributes to plaque formation, is crucial in
this regard. The drug company of aducanumab has formally withdrawn the drug earlier
this year (Bioten, 2024). Lecanemab is not a panacea for Alzheimer's disease and may
not be suitable for every person with the illness. People with mild dementia or
moderate cognitive impairment (MCI) as a result of Alzheimer's disease are the only
ones for whom safety and efficacy have been shown (van Dyck et al., 2023). There
are potential negative effects associated with anti-amyloid medications like lecanemab
and aducanumab. Serious allergic reactions, infusion responses, headaches, falls, and

ARIA (amyloid-related imaging abnormalities) are all possible side effects.

The cognitive symptoms may be alleviated by five of the eight medications:
galantamine, rivastigmine, donepezil, memantine, and a combination of donepezil and
memantine. Neither do they alter the fundamental brain alterations that lead to AD,
nor do they mitigate or halt the progression of the illness. Increasing the number of
neurotransmitters in the neurons is how they, except for memantine, cure the
symptoms. Memantine prevents the overstimulation and potential harm to neurons
caused by high amounts of the glutamate neurotransmitter. Nausea and headaches are
among the possible adverse effects of these five medications. These aren't the only

potential negative consequences (Alzheimer’s association, 2024).



Brexpiprazole is one of the eight medications that have been authorised by the Food
and Drug Administration (FDA) to treat agitation that may arise in Alzheimer's
patients. Sixty percent of mild cognitive impairment patients and seventy-six percent
of AD patients report agitation as a symptom of their condition (Van der Mussele et
al., 2015). It is believed that brexpiprazole reduces agitation by acting on the brain's
dopamine and serotonin protein receptors. These drugs have a reputation for increasing
the risk of stroke and mortality in older patients suffering from dementia-related
psychosis (Ralph and Espinet, 2018; Maust et al., 2015).

Apart from these eight medications, clinical studies have shown the effectiveness of
suvorexant in treating sleep disorders, namely insomnia, which may affect individuals
with mild to severe AD. Suvorexant inhibits orexin, a type of neurotransmitter
involved in the sleep-wake cycle. Potential negative effects may include, but are not
limited to, a decrease in mental clarity and impaired motor synchronization (including
driving), an intensification of depression or thoughts of suicide, abnormalities in sleep
patterns, paralysis during sleep, and altered breathing patterns (Alzheimer’s

association, 2024).
1.1.6. Parkia timoriana (Tree bean)

Parkia timoriana (DC.) Merr., also commonly known as tree bean, is a versatile tree
belonging to the Leguminosae family and the Mimosoideae sub-family. This species
is the most prevalent Parkia in the Indo-Pacific region, ranging from northeast India to
Irian Jaya. It is a medium-height tree, reaching 10—12 meters, with numerous branches,
and holds significant commercial and ecological value in the region (Singha et al.,
2021). The indigenous people of northeast India use the pods and seeds of this tree as
vegetables, chutneys, and salads at various stages of development or dry them in the
sun for use during the off-season. It is a superior source of carbohydrates, proteins,
minerals, and vitamins when compared to other legumes (Saha et al., 2007; Seal,
2011). The tree is well-suited to diverse agro-climatic regions, thriving in both cold
hilly areas and hot plains. It typically grows wild in forests, Jhum fields, and backyards
across northeast India without requiring special care. This tree is valued for its high

medicinal and nutritional properties (Thangjam, 2014).



Tree bean can serve as an excellent source of a variety of nutrients and supplements.
The seeds of P. timoriana are abundant in protein- globulins and albumins; minerals-
phosphorus, manganese, magnesium, zinc, potassium, and iron; essential amino acids
— tyrosine, phenylalanine, leucine, and isoleucine; and fatty acids- linoleic and oleic
acids. The essential amino acid composition found in the kernel of P. timoriana is
similar to the essential amino acid requirement pattern outlined by FAO/WHO/UNU
(1985) for preschool children (Longvah and Deosthale, 1998; Angami et al., 2018).

Tree bean has demonstrated a wide range of medicinal properties, including
antioxidant, antiviral, antidiabetic, insecticidal effects, antibacterial, immune-
boosting, and antiproliferative. Additionally, it has been used in the treatment of colon
cancer, skin and liver diseases, ulcers, eyes, hypertension, and leprosy. In addition to
containing antioxidants that help prevent various diseases, tree bean can also enhance

children's learning abilities (Sheikh et al., 2016; Tapan, 2011; Angami et al., 2018).

1.2. OBJECTIVES

e GC-MS and LC-MS analysis of phytocompounds of P. timoriana and
evaluation of phytocompounds toxicity using in silico tools.

e Molecular docking and molecular dynamics simulation of phytocompounds
from P. timoriana to BACEI and cholinesterase protein receptor: an in silico
therapeutic intervention study on Alzheimer’s disease.

e Biological evaluation of P. timoriana in ameliorating learning and memory

processes in an aluminum chloride induced Alzheimer’s disease rat model.



CHAPTER-2
2.1. INTRODUCTION
2.1.1. Computational toxicology

Since time immemorial, plants have been widely recognised as a source of medicine
for various human diseases (Siddiqui et al., 2020). Despite the discovery of numerous
plant-derived drugs, the exploration of new bioactive compounds remains necessary
to expand the range and find less toxic, more effective medications (Noumi et al.,

2020; Reddy et al., 2020).

Herbal medications have recently garnered significant interest due to their safety and
cost-effectiveness. Bioactive compounds, which are secondary metabolites of plants,
can produce pharmacological and toxicological effects in living organisms (Loépez-
Vallejo et al., 2011). Additionally, the pharmaceutical industry utilises medicinal
plants in drug manufacturing. However, safety and efficacy are the two primary issues
that hinder the use of plants before commercialization (van Wyk and Prinsloo, 2020).
Preclinical toxicity and adverse drug reactions account for approximately one-third of
product failures (Van Norman, 2020). Screening each phytocompound for toxicity
through in vitro and in vivo techniques is challenging. However, computational
techniques are crucial for studying the toxicity and properties of both chemical and
natural compounds, as they facilitate early drug development by enabling the early
detection of substances lacking experimental data. These methodologies also provide

a substitute for toxicity studies conducted on animal models (Pognan et al., 2023).

In silico prediction approaches use the physiochemical features of a substance to
estimate its activity in a given biological system. QSAR (quantitative structure activity
relationship) and SAR (structure activity relationship) are mathematical models that
predict the relative structures' activities in a compound (Kar and Leszczynski, 2019).
Various agencies, including those in the health care, agrochemical, food, and
educational sectors, predominantly employ QSAR and SAR methods to assess the
toxicity of a significant naturally occurring compound with clear annotation. QSAR
and SAR programmes are considered to be efficient, significant, and enhanced

prediction tools for studying biological systems. They have the potential to provide
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valuable approaches for furthering our comprehension of the potentially detrimental

effects of phytocompounds (Sripriya et al., 2021; Marak et al., 2023).
2.1.2. GC-MS and LC-MS analyses

Quantitative plant metabolomics is a technique that enhances our understanding of
plant metabolism and biochemistry by providing precise measurements of known
metabolite concentrations in plant samples. These measurements are then subjected to
bioinformatics and statistical analysis (Fiehn et al., 2000). The primary analytical
tools used in quantitative plant metabolomics investigations are MS (mass
spectrometry) and NMR (nuclear magnetic resonance). Due to its superior sensitivity
compared to NMR, MS is the preferred technology in most metabolomics research on
plants. When combined with advanced chromatographic methods such as LC-MS, GC-
MS, and CE-MS, it enables the separation and characterization of the vast array of
compounds found in plants (Fernie et al., 2007; Jorge et al., 2016). These methods
rely on a chromatograph to isolate the metabolites based on their distinct
chromatographic characteristics (Theodoridis et al., 2011). This enables an expansion
in the quantity of metabolites that may be analysed using an MS instrument while
maintaining sensitivity. Metabolites' physicochemical characteristics and the nature of
the stationary phase interact with the chromatograph to establish the elution order in
the system. Typically, the examination of volatile organic chemicals, lipids, and
molecules that may be modified is conducted with GC-MS analysis. Conversely, LC-
MS is the method of choice for analysing most semi-polar metabolites. Consequently,
the two methods are distinct in the kinds and quantities of metabolites that they can

detect (Zhang et al., 2012).

The NMR approach is used more often as a specific tool for determining the structure
in metabolomics investigations of plants (Kim et al., 2011). The primary drawback of
the NMR apparatus is the restricted number of specified metabolites that can be
detected in complicated biological samples, often ranging between 20 and 50. The GC-
MS analysis may detect 100 metabolites, but in the case of the LC-MS analysis, the

number of metabolites can reach up to 500 metabolites. Despite CE-MS having a better
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separation efficiency than GC-MS and LC-MS, it is not often used in metabolomics

research due to its limited reproducibility (Williams et al., 2013).
2.1.3. Polyphenols

Polyphenols are a significant category of bioactive plant compounds, encompassing
various subgroups like flavonoids, phenolic acids, stilbenes, and lignans (Manach et
al., 2005). In recent years, interest in dietary polyphenols has surged due to numerous
epidemiological studies suggesting that diets abundant in plant-derived
phytochemicals, especially polyphenols, confer significant health benefits to humans
(Pandey and Rizvi, 2009). Among polyphenols, flavonoids are one of the most
extensively researched groups. They are structured based on a 15-carbon skeleton
consisting of a chromane ring connected to another aromatic ring. Flavonoids can be
further classified into various subgroups, such as flavan-3-ols, flavanones, flavones,

flavonols, isoflavones, and anthocyanins (Corcoran et al., 2012; Butiuk et al., 2016).

Polyphenols were initially believed to exert their primary effects through direct
antioxidant activity. However, this isn't thought to be as important in real life because
these compounds don't usually reach high enough levels in most tissues to have a big
effect on free radical scavenging (Forman et al., 2014; Fraga and Oteiza, 2011).
However, researchers have identified numerous other potential biochemical and
molecular mechanisms. These include effects on various signalling pathways, such as
regulating fat metabolism and nuclear transcription, and controlling the synthesis of
inflammatory cytokines like interleukin-6, interleukin-1p, and tumour necrosis factor

o (Kim et al., 2014; Fraga et al., 2018).

Polyphenols can influence the assembly, structure, and function of the cell’s protein.
This can occur at three distinct levels: (i) by enhancing the transcription of protein
encoded genes at the genomic level; (ii) by regulating protein translation, post-
translational alterations, and their correct folding and assembly at the expression level;
and (iii) by enhancing the activity of enzymatic reactions at the functional level

(Hajieva, 2017).

The therapeutic effects of dietary polyphenols may also be attributed, at least partially,

to a reciprocal interaction with the gut microbiome. Polyphenols have the ability to
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influence the makeup of the gut microbiome, which is known to have positive effects
on health. Additionally, the gut microbiome is able to break down polyphenols into

bioactive molecules that have therapeutic advantages (Fraga et al., 2019).
2.1.4. Median lethal dose (LDso), Median lethal concentration (L.Cso), and IGCso

J. W. Trevan developed the median lethal dose (LDso) test in 1927 to determine the
dosage of a chemical that causes 50% mortality in a certain animal species. Before
proceeding with further toxicity testing, it often serves as the initial test for any
chemical. It is used to assess the possible risks of substances to human health. Although
death is the ultimate outcome, certain chemicals may exhibit non-lethal acute effects
as indicators of toxicity (Erhirhie et al., 2018). Evaluating the acute toxicity of
chemicals is necessary to determine the negative consequences that may arise from
accidental or intentional contact. Long-term toxicity investigations and other animal-
based research use the results of acute toxicity tests to determine doses (Clemedson

et al., 2000; Erhirhie et al., 2018).

An acute toxicity test can determine the toxicity of the test chemical. Compounds that
have an LDso below 5 mg/kg are classified as very dangerous, while compounds with
an LDso exceeding 15,000 mg/kg are considered generally safe (Loomis and Hayes,

1996).

Median lethal concentration (LCso) is the concentration of a substance in water or air
that is expected to cause the death of 50% of the test animals. LCso is a quantitative
measure of the amount of a harmful substance in the environment that is required to
cause death in 50% of the individuals being tested. The LDso number might vary based
on the method of exposure (Michael et al., 2014).

The concentration of a chemical that, during a certain time frame, inhibits the growth
of 50% of the test population (Zetrahymena pyriformis) predicted using the acute
aquatic toxicity model is the IGC50 (PirSelova et al., 1996).

2.1.5. Bioconcentration factor

The bioconcentration factor (BCF) measures the ability of environmental

contaminants to accumulate via exposure to water (Wassenaar et al., 2020). Adequate
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bioconcentration factor data is crucial for assessing the toxicological risk of
environmental contaminants (Arnot and Gobas, 2006). The evaluation and
understanding of the toxicity and mode of action of compounds are important. Field
and laboratory tests are often carried out to gather BCF data on environmental
contaminants (Palladini et al., 2022). Nevertheless, the data obtained from field
research is unavoidably influenced by many biological and environmental variables,
while the laboratory method is costly, time-consuming, and subject to growing ethical
scrutiny. In addition, the experimental methods are insufficiently proactive in
addressing the growing issue of swiftly addressing new emerging toxins. Hence, the
use of computational methods is anticipated to be the preferred choice for addressing
the lack of BCF and toxicological information regarding both existing and newly

identified pollutants (Pavan et al., 2008; Raies and Bajic, 2016).
2.1.6. Mutagenicity

Currently, our immediate environment is marked by a multitude of natural and
artificial substances that are foreign to our bodies, known as xenobiotics. Exposure of
humans to environmental toxins by ingesting, inhalation, or dermal contact may lead
to significant health repercussions. The manner in which a certain xenobiotic affects
the body, especially DNA, is determined by the absorbed dosage and the biochemical

features of the xenobiotic, including persistence, toxicity, and latency (Baker, 2016).

In the realm of current drug discovery, the mutagenicity of a compound is an important
characteristic that might limit the development of a specific chemical at all phases of
drug development owing to its strong association with carcinogenicity (Custer and
Sweder, 2008; Kramer et al., 2007). Several studies have shown significant interest
in using in silico prediction of compound mutagenicity to aid in the early discovery of
possible mutagenic compounds. This approach aims to minimise the time and cost

involved in hit to lead optimisation (Xu et al., 2012; Kazius et al., 2005).

The Ames test, developed by Bruce Ames in the early 1970s, is an extensively used
assay for assessing the mutagenic properties of a chemical (Ames et al., 1973; Ames
et al.,, 1972). The Ames test is a bacterial revertant mutation assay that simulates

human metabolism. It is designed to detect compounds that have the potential to cause
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genetic damage and frameshift mutations in the environment. The test is known for its

high sensitivity to such substances (Mortelmans and Zeiger, 2000).
2.1.7. Carcinogenicity

The investigation into the processes of substance carcinogenesis and the assessment of
the safety of both existing and novel chemicals are becoming more important and
necessary in order to safeguard human health. Carcinogens are classified into two
groups based on their mode of action: (a) genotoxic carcinogens, which damage DNA
and are often the first step in cancer development; and (b) non-genotoxic carcinogens,
which indirectly cause DNA damage and are generally negative in the standard testing

assays (Woo and Lai, 2003).

Assessing the genotoxicity of a pharmaceutical medicine is an essential need
throughout its development process. The Ames test, a technique for assessing inherited
mutagenic events in bacterial DNA, is very prevalent for determining mutagenic
activity and remains the most precise in vitro assay for predicting carcinogenicity in

rats (Kirkland et al., 2005).

There is a collection of computational models that may be used to predict genotoxicity.
These models are mostly built using data from in vitro tests that have been gathered
over time. One kind of system, known as an expert system, uses human input (SAR)
to build the model, while the other uses a computer algorithm to build the model,

known as a QSAR (quantitative structure-activity relationship) (Naven et al., 2010).
2.1.8. Reproductive and developmental toxicology

The field of toxicology as a whole is beginning to acknowledge the significance of
toxicity for reproduction and development. Evaluating the potential harm to
development and reproduction is crucial for assessing the safety of novel
pharmaceuticals and environmental substances. A considerable proportion of
therapeutic candidates in the field of drug development have been unsuccessful in
preclinical trials owing to their detrimental impact on embryonic development and

reproductive capacity (Boverhof and Zacharewski, 2006; Liihe et al., 2005).
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2.1.9. Biological activity prediction

Natural ingredients are extensively employed, particularly in China, India, and Russia,
as medicines (Kong et al., 2009; Vaidya and Devasagayam, 2007). Naturally
occurring substances are uniquely suited for their interactions with biological systems
since they were generated by Mother Nature herself. Consequently, they are regarded
as useful resources for the exploration of new drugs (Ertl et al., 2008). From 1981 to
2006, more than 70% of the NCEs (new chemical entities) that were brought in as
drugs were derived from natural materials (Newman and Cragg, 2007). The intricate
and varied structures of natural chemicals provide the foundation for altering many
biological targets (Morphy and Rankovic, 2009). The simultaneous targeting of
several activities by natural substances may result in either antagonistic or synergistic
effects. Computer-aided approaches may prove to be very beneficial for the biological
activity assessment of natural products since there are numerous recognised
pharmacological targets and natural compounds may interact with many targets in a

pleiotropic manner (Rollinger et al., 2006).
2.2. REVIEW OF LITERATURE
2.2.1. Computational toxicology

The study by Valerio et al. (2007) evaluated the effectiveness of a high-throughput
QSAR prediction model in determining the cancer-causing potential of tiny, organic,
naturally occurring compounds present in the human diet. This work showcases the
effective use of QSAR predictive modelling to accurately anticipate the presence of
natural carcinogens in the human diet. The accuracy of the predictions was confirmed
by an external authentication test. The high-throughput method that utilises
discriminant analysis is useful for evaluating the risk and determining the priority of
food additives, untested natural products, and dietary constituents. This method is
particularly effective when combined with experimental evidence of carcinogenic
potential in rodents, structural-based alert classification, and other predictive

toxicology approaches.

Sripriya et al. (2021) predicted the toxicity of three plant species using the QSAR

prediction model. The study examined the methanolic extracts of Carissa carandas,
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Epiphyllum oxypetalum, and Canthium angustifolium using GC-MS analysis. A total
of 27 compounds were found, and their toxicity was assessed using the QSAR-TEST
software. The toxicity ranking of the compounds, from highest to lowest, was as
follows: Daphnia magna > Tetrahymena pyriformis > Pimephales promelas > Rat
(oral). All chemicals exhibited non-bioaccumulative properties, with the majority
demonstrating developmental toxicity. There was just one chemical that exhibited
mutagenic properties. Chemicals are considered possible carcinogens if they show

positive results in the Ames mutagenicity test (Griffiths et al., 2000).

Damayanti et al. (2015) used in silico toxicity prediction to predict the potential
harmful effects of antioxidant food additives. Utilising programmes such as Toxtree,
the OECD QSAR Toolbox, Admet Predictor, and TEST, it assessed the acute and
chronic toxicity, carcinogenicity, ADI (acceptable daily intake), mutagenicity, and
reproductive toxicity values of metabolites. Out of the forty-two antioxidant food
additives that were evaluated, six were found to be carcinogens, two to be mutagens,
eight to be hazardous to reproduction, and one to be both mutagen and reproductively
toxic. The research used LD50 prediction to predict acute toxicity, with ethoxyquine
exhibiting the lowest LD50 value (937.84 mg/kg) and dilauryl thiodipropionate
demonstrating the highest (13367.79 mg/kg). The paired t-test approach was used to
compare the prediction with the experimental data. The prediction of chronic toxicity
was conducted by estimating the NOEL value, and the ADI value was then derived
based on the NOEL value. The ADI values ranged from 0.38 mg/kg bw/day for
carnosic acid to 1.35 mg/kg bw/day for calcium ascorbic acid and calcium disodium
ethylene diamine tetraacetate. An early assessment of the safety of antioxidant food

additives was given by the prediction techniques.
2.2.2. Biological activity prediction

Chuckles et al. (2022) studied the prediction of biological activity of compounds
identified from Cycas pectinata Buch.-Ham using the PASS (Prediction of Activity
Spectra for Substances) prediction tool. The analysis of C. pectinata phytochemicals
using LC-MS, FTIR, and NMR revealed the existence of 32 significant

phytochemicals with specific biological properties such as antioxidant, f-adrenergic
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receptor kinase, anti-neoplastic, cholesterol antagonist, testosterone 17p-
dehydrogenase, and Cytochrome P450 enzyme digestion, as predicted by PASS
analysis. The compounds showed a Pa (probable activity) value greater than a Pi

(probable inactivity) value.

The study by Chy et al. (2019) conducted PASS prediction research to evaluate the
biological activity of chemicals derived from Piper sylvaticum (Roxb.) leaves, namely
as antibacterial, antiparasitic, and anthelmintic drugs. The PASS prediction examined
six key compounds of P. sylvaticum, namely piperine, sylvone, piperlonguminine,
sylvatine, sylvamide, and sylvatesmin. The results showed that all of these compounds
had greater Pa values compared to Pi in terms of their antibacterial, antiparasitic, and
anthelmintic properties. The discovery aligns with laboratory and animal research,
which has shown that P sylvaticum leaves have anthelmintic and antibacterial
characteristics. Piperlonguminine and piperine are the most promising candidates for
emerging as novel anthelmintic and antibacterial drugs, as shown by a prior study that
attributed anthelmintic and antibacterial properties to these compounds (Naz et al.,

2012).

Alam et al. (2021) evaluated the metabolites present in Sterculia foetida seeds using
GC-MS analysis, and different experimental and computational analyses were
performed to assess the antipyretic, anti-arthritic, thrombolytic, analgesic, and
cytotoxic actions. The GC-MS analysis detected a total of 29 components, mostly
including esters, terpenoids, phenols, and various other organic compounds. Seven
specific compounds were examined to determine their antithrombotic, cytotoxic, anti-
nociceptive, anti-inflammatory, antipyretic, and other biological actions. All of the
potent activities had a greater active Pa value compared to the Pi value, as measured
by the PASS online programme. Several other biological activities were also identified.
The overall analyses revealed that using 1-azuleneethanol acetate in a comprehensive

manner might be advantageous for the future advancement of therapeutic applications.
2.2.3. Phytochemical analysis

Fathalla et al. (2019) studied to identify and describe the active components present in

the ethyl acetate fraction of Senna tora seeds, which are recognised for their biological
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effects. The phenolic chemicals, mostly obtained from the ethyl acetate fraction, were
verified by GC-MS and LC-MS analysis. The detected chemicals consist of 10-
hydroxy-5-methoxy-2-methyl-1, Chrysarobin, Isotorachrysone, Parietin,
Rubrofusarin, Cumbiasin B, Griseoxanthone-B, 4-anthracenedione, and
Chrysophanol. GC-MS and LC-MS analyses are very sensitive techniques used to
detect many components in plants. These approaches demonstrate that the ethyl acetate
fraction includes the most potent ingredients. The presence of bioactive chemicals in
seeds supports their use in folk and traditional medicine and verifies their ability to

protect the liver (Fathalla et al., 2015).

Alencar Filho et al. (2020) studied the phytochemical analysis of Alternanthera
brasiliana, sometimes referred to as 'penicillin', used for its anti-inflammatory and
wound curative properties. This work used LC-MS/MS and GC-MS analysis to detect
the phytochemicals present in the species. A total of 27 chemicals were detected, with
five identified using liquid chromatography-mass spectrometry (LC-MS), all of which
were flavonoids. The other 22 compounds were identified using gas chromatography-
mass spectrometry (GC-MS), and they included hydrocarbons, different types of
terpenes, derivatives of vitamins, phytosterols, and carotenoids. Significantly, this
work has identified 23 previously unreported chemicals for this species, therefore

making a noteworthy addition to the understanding of its chemical composition.

Sen et al. (2013) estimated the total content of flavonoids, phenols, and anti-oxidant
properties in Meyna spinosa leaves. The methanol extracts had the greatest
polyphenolic concentration and demonstrated superior antioxidant activity compared
to petroleum ether and ethyl acetate extracts. The methanol extract demonstrated
significant reducing power and high antioxidant activity, successfully inhibiting LPO
(lipid peroxidation) and hemolysis by oxidative stress, comparable to standard
references. The findings demonstrated a clear and direct relationship between the
polyphenolic content and the antioxidant activity, suggesting that the polyphenolic
content is likely the primary factor contributing to the antioxidant properties of the
plant. The current investigation has shown that the methanolic extract of M. spinosa

has significant promise as a natural source of antioxidants.
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Truong et al. (2019) assessed the effects of several solvents on the extraction
efficiency, phytochemical composition, anti-inflammatory, and antioxidant properties
of Severinia buxifolia. The study revealed that solvents have a substantial influence on
the extraction yield, chemical constituents, and biological properties. The solvent
methanol had the greatest efficacy, leading to the largest extraction yield and the
highest concentrations of phenolic, flavonoid, terpenoid, and alkaloid compounds. The
methanolic extract demonstrated significant anti-inflammatory and antioxidant
properties, with antioxidant activity surpassing that of ascorbic acid by threefold and
anti-inflammatory activity equivalent to that of aspirin. Thus, methanol is suggested
as the ideal solvent for extracting abundant phytochemicals, anti-inflammatory, and

antioxidant compounds.
2.3. MATERIALS AND METHODS
2.3.1. Collection, identification and extraction of Parkia timoriana seed pods

Seed pods of Parkia timoriana were obtained from Tanhril village in Aizawl,
Mizoram. The species bearing the accession number 1016 was identified by the BSI
(Botanical Survey of India), Eastern Regional Centre, Shillong. The seed pods were
air-dried at normal room temperature and then crushed into a fine powder using an
electric grinder (Figure 1). The powdered seed pod (100 g) was immersed in methanol
(400 ml) at room temperature for at least 72 hours using a cold maceration process
(Kuete et al., 2006). The mixture was occasionally shaken. The extract was filtered
through Whatman filter paper No.1, then subjected to evaporation in an oven at a
temperature of 40°C until all the liquid had evaporated. The resulting dry extract was
then kept at a temperature of 4°C until used (Sen et al., 2013).

2.3.2. Total flavonoid content

The total flavonoid content was quantified using the method reported by Zhang et al.
(2012), with minor adjustments. A volume of 2.5 mL of the extract was transferred into
a 10 mL test tube, followed by the addition of 0.15 mL of a 5% NaNO: solution. The
solution was well mixed and left undisturbed for 6 minutes at room temperature. Then,
0.15 mL of a 10% AICI3 solution was added to the test tube, thoroughly mixed, and

left for another 6 minutes at room temperature. A volume of 2.2 millilitres of 1M
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sodium hydroxide (NaOH) was added, well mixed, and left at room temperature for a
duration of 12 minutes. A spectrophotometer was used to measure the absorbance at a
wavelength of 510 nm. In order to generate a calibration curve, quercetin was used as
the standard, with concentrations ranging from 0 to 400 ug/mL. The total flavonoid
content (TFC) was quantified and reported as quercetin equivalents in mg QE/g (mg

quercetin equivalent/g) of the dried extract.
2.3.3. Total phenol content

A solution was prepared by dissolving 0.2 g of extract in 10 mL of distilled water,
using a ratio of 1:50 (w/v). This solution was then used to determine the total phenolic
and flavonoid content. The Folin-Ciocalteu reagent technique (Sen et al., 2013) was
used to quantify the total phenolic content in the extract of P. timoriana seed pod. 0.5
mL of the extract was added to a test tube containing 2.5 mL of Folin-Ciocalteu reagent
(10% v/v) and 2.0 mL of Na,CO3 (2% w/v). The tubes were vigorously agitated. The
solution was allowed to incubate for 60 minutes at ambient temperature. The
spectrophotometer was used to measure the absorbance at a wavelength of 765 nm. To
generate a calibration curve, gallic acid was used as the standard, with concentrations
ranging from 0 to 450 pg/mL. The total phenolic content (TPC) was quantified as gallic
acid equivalents in mg/g (mg GAE/g) of the dried extract.

2.3.4. Gas chromatography-mass spectrometry analysis

The PT seed pod extracts were analysed using the GC-MS-2010 (Shimadzu, Japan).
The analysis was performed in EI mode at an electron ionisation energy of 70 eV. A
Restek-5MS column with dimensions of 30 x 0.25 mm and a film thickness of 0.25 m
was used. The carrier gas used was pure helium gas with a purity of 99.99 percent,
flowing at a constant rate of 1 mL/min. A high ionisation energy of 70 eV (electron
volts), a scan period of 0.2 s, and fragments ranging from 40 to 650 m/z were chosen
for the detection of the GC-MS spectrum using an electron ionisation energy
technique. The injector temperature was maintained at a constant value of 260 °C, and
a 2 pL injection volume was used with a split ratio of 10:1. The flow control mode
exhibited linear behaviour at a pressure of 99.3 kPa. The flow rate is 1.21 mL/min in

the column, with an overall flow rate of 16.3 mL/min. The initial temperature of the
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column oven was set at 120 °C for a duration of two minutes. It was then increased by
10 °C each minute until it reached 280 °C. Finally, it was further raised to 300 °C and
maintained at that temperature for 20 minutes. The chromatogram and mass spectra
were analysed using the Xcalibur™ software integrated into the GC-MS/LC-MS
equipment. The phytochemical contents of the test samples were determined by
comparing their retention time (min), mass spectral patterns, peak height, and peak
area with those compounds stored in the NIST library (National Institute of Standards
and Technology), which contains over 62,000 patterns, and Dr. Duke's ethnobotanical

phytochemical databases (Duke, 2000).
2.3.5. Liquid chromatography-mass spectrometry analysis

The Acquity UPLC H-Class (Acquity Ultra Performance Liquid Chromatography)
equipment was used, consisting of an auto sampler and a binary pump (Waters, USA)
equipped with a 10L loop. An investigation was conducted to separate phytochemicals
using various chromatographic conditions, such as mobile phase composition,
injection volume, flow rate, and gradient programmes. Various mobile phase
combinations, such as methanol-water, acetonitrile-water, and acetonitrile-0.1% (v/v)
formic acid aqueous solution, were tested in the gradient programme at a flow rate of
1.5 mL/min. The mobile phase consists of a 0.1% (v/v) aqueous solution of formic
acid (A) and acetonitrile (B) at a flow rate of 1.5 mL/min. The ideal conditions for
separation were determined to be a column pressure ranging from 0 to 300 bar and a
column temperature of 30 °C. The compounds were separated at a temperature of 30
°C using an Acquity CSH C18 column with dimensions of 2.1 mm by 100 mm and a
particle size of 1.7 m. Two solvents, namely 0.1% (v/v) formic acid in water (A) and

methanol (B), were used to create a gradient elution at a flow rate of 1.5 ml/min.

The gradient programme started with an initial concentration of 5% (B) and remained
constant for 1 minute. It then increased to 30% (B) from 6 to 12 minutes, 60% (B)
from 12 to 16 minutes, and 80% (B) from 16 to 20 minutes. Finally, it returned to 5%
(B) from 26 to 30 minutes. On the other hand, the concentration of component D
started at 95% and remained constant for 1 minute. It then decreased to 70% from 6 to

12 minutes, 40% from 12 to 16 minutes, and 20% from 16 to 20 minutes. Finally, it
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returned to 95% after 26 to 30 minutes. The sample injection volume was 10 pL. The
MS analysis was conducted on the Water UPLC-TQD Mass Spectrometer (XEVO
TQD#QCA1232) using data-dependent automated switching between MS and MS/MS
collection modes. The spectra were recorded using both positive and negative

ionisation modes, with a mass acquisition range of 150-2000 m/z.
2.3.6. Toxicity prediction by QSAR-TEST

The toxicity of the phytocompounds found in Parkia timoriana seed pods was
evaluated using QSAR-TEST (Version 5.1.2), a tool created by the US EPA (Martin,
2020). This programme uses many QSAR tactics, such as hierarchical, single-model,
group contribution, nearest neighbour, and consensus mode of action approaches, to
accurately assess the toxicity of a chemical for each specific endpoint (Martin et al.,
2008). The TEST programme has models for predicting different toxicities: 96-hour
fathead minnow and 48-hour Daphnia magna to test median lethal concentration
(LCs0) (Martin and Young, 2001; U.S.E.P.A., 2016). Tetrahymena pyriformis, a
single-celled organism, is to show a 50 percent growth inhibition concentration
(IGCsp). Median lethal dose (LDso) prediction using rats (Zhu et al., 2009). Also,
bioconcentration factor (BCF), developmental toxicity (Cassano et al., 2010), and

mutagenicity (Ames’s test) (Benfenati et al., 2009).

The LCso endpoint for fathead minnows (Pimephales promelas) is the concentration
(mg/L) of a substance in water that results in the death of 50% of the exposed
organisms after 96 h. The data set for the D. magna LCso endpoint, which measures
the amount of substance in water that causes the death of half of exposed D. magna
after 48 hours, as well as the 96-hour fathead minnow LCso, was retrieved from the
ECOTOX aquatic toxicity database. The D. magna LCso data set contained a total of
541 compounds. The model's endpoint was -Logl0 (LCso mg/L). The T. pyriformis
IGCso endpoint refers to the concentration of a substance that inhibits 50% of the
development of the protozoan ciliate after a duration of 40 hours. The IGCsp training
set was obtained, and chemicals were included in the final 7 pyriformis 1GCso dataset.
The modelled endpoint was the negative logarithm of the IGCso concentration in mg/L.

The oral rat LDso endpoint refers to the quantity of the chemical, measured in mg/kg
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of rat body weight, that is fatal to 50% of the rats when ingested orally. The dataset for
this endpoint was built by downloading data from the ChemIDplus database, resulting
in the acquisition of 13548 items. The oral rat LDso data collection included a total of
7413 chemicals. The modelled endpoint was the LDso value expressed as -Logl0
(LDso mol/kg).

The criteria for mammalian and aquatic toxicity metrics, as established by ATSDR (the
agency for toxic substances and disease registry), were associated with the predicted
levels of toxicity for the chemical compounds. The toxicity metrics are classified into
five categories: X (extreme toxicity), A (extremely high toxicity), B (high toxicity), C
(moderate toxicity), and D (low toxicity). The BCF is a measure of the ratio between
the concentration of a chemical in biota due to absorption via the respiratory surface
and the concentration of the chemical in water in a stable state (Zhao et al., 2008).
The data was compiled using many databases. Once the salts, mixtures, and ambiguous
compounds have been removed by filtration, the resulting dataset consists of 676
chemicals. The modelled endpoint was the logarithm (base 10) of the bioconcentration
factor (BCF). The EURAS BCF Gold Standard Database was used to forecast the
bioaccumulation factor by applying QSAR-TEST. The developmental toxicity was
anticipated based on the TERIS (Teratogen Information System), CAESAR project,
and FDA rules. The mutagenicity of the substances was determined by analysing their

response to the Ames test using a specific dataset.
2.3.7. Toxicity prediction by VEGA HUB, OECD QSAR and Toxtree

The toxicological properties, including repeated dose toxicity (HESS), oral toxicity,
and Lipinski rule oasis, were predicted using the OECD QSAR toolbox
(https://gsartoolbox.org/download/) (Suarez-Torres et al., 2020). The web

programme VEGAHUB (www.vegahub.eu) was used to predict carcinogenicity, ADI,

no observed adverse effect level (NOAEL), and developmental toxicity. The Toxtree
platform, which is an open-source tool, was used to predict drug metabolism mediated

by cytochrome P450.
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2.3.8. Biological activity prediction

The PASS prediction online tool (https://www.way2drug.com/passonline/) was used

to predict the different biological activities such as dementia treatment, cytochrome
P450 stimulant, antioxidant, anti-inflammatory, neurotrophic factor enhancer,
amyloid-B aggregation inhibitor, acetylcholine stimulant, and Alzheimer disease
treatment. The PASS programme calculates the anticipated activity spectrum of a
phytocompound, providing a prediction of likely activity (Pa) and probable inactivity
(Pi). Pa and Pi have values that range from 0.000 to 1.000. Only the biological
activities with a Pa value greater than the Pi value are considered for a specific
phytocompound. Pa > 0.7 suggests a high probability of experimental pharmacological
action, while values between 0.5 and 0.7 indicate a reduced probability. If the value of
Pa is < 0.5, it indicates a reduced probability of the activity being found via trials.
However, it might also imply the possibility of detecting a completely new molecule

(Goel et al., 2011).
2.4. RESULTS

2.4.1. Gas chromatography-mass spectrometry and liquid chromatography-mass

spectrometry analysis

The GC-MS analysis identified nine phytocompounds from the methanolic extract of
Parkia timoriana seed pod, namely, 3,7,11-Trimethyl-2,4-dodecadiene, 1,1,3,3.,4-
Pentamethyl-6-t-butyl-2,3-dihydroindene,  Patchouli  alcohol, 4-Isopropyl-3,4-
dimethylcyclohexa-2,5-dienone, Bisabolene, 1 H-Purin-6-amine,N-((3-
fluorophenyl)methyl)-, 1-(4-Isopropylphenyl)-2-methylpropyl acetate,
Tricyclo[4.3.0.0(7,9)]nonane,2,2,5,5,8,8-hexamethyl-,(1.alpha.,6.beta.,7.alpha.,9.al
pha.)-, and 5-Ethyl-3-methyl-3,4-nonadien-6-yne (Table 1; Figure 2).

The LC-MS analysis revealed that the phytocompounds present in the methanolic
extract of Parkia timoriana seed pod were mostly composed of flavonoids, alkaloids,
and terpenoids. A total of fifty-two phytocompounds were detected in the LC-MS
analysis in both positive (Figure 3) and negative (Figure 4) total ion modes. The
identified phytocompounds using MS/MS parent ion fragmentation were twenty-nine

from positive total ion mode and twenty-three from negative total ion mode. Sixteen
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alkaloids were detected, including voacamine, guan-fu base Y, scopolamine,
ergocristine, napelline, quinine, hydroxygardnutine, cycloheximide, isocorydine,
speciosine, anabasamine, gardnerine, vincamine, rauwolscine, nantenine, and
hirsutine. The methanolic extract of Parkia timoriana seed pod contained ten
flavonoids, namely luteolin-8-C-glucoside, artocarpin, nicotiflorin, isoschaftoside,
procyanidin B1, rotenone, isorhamnetin-3-o-rutinoside, silychrystin, apigenin, and
apiin. Additionally, six terpenoids, namely azadirachtin, 4,4'-diaponeurosporene,
ginkgolide C, paeoniflorin, loganin, and soyasapogenol B base, were also detected in
the extract. In addition, the presence of several other phytocompounds such as
demethoxycurcumin, maritimetin-6-O-glucoside (phenols); E-resveratrol trimethyl
ether (polyphenols); ginsenoside F3, and alpha-hederin (saponins); linolenic acid, and
1-dodecanoyl-2-(11Z-eicosenoyl)-glycero-3-phospho-(1'-sn-glycerol) (fatty acids);
taurodeoxycholate, lithocholenic  acid, taurocholic acid (bile acids);
phosphatidylcholine, phophatidylethanolamine, 1,2-diarachidonoyl-sn-glycero-3-
phosphoethanolamine (phospholipids); ouabain (cardiac glycoside); and 3-oxo-c8-

homoserine lactone were also detected (Table 1).
2.4.2. Total flavonoid and phenol content

The methanolic extract of P. timoriana seed pods has a total phenol concentration of
421.64 + 3.38 mg GAE/g of extract (gallic acid equivalent/gram). The plant's total
flavonoid concentration was measured to be 280.893 + 4.31 mg QE/g of extract
(quercetin equivalent/gram). These measurements were determined using a standard
curve with the equation y= 0.0028x + 0.2331 and a coefficient of determination (r2)
0f 0.9756 for flavonoid, and y= 0.0072x - 0.0035 and r2 for phenol.

2.4.3. Toxicity prediction using QSAR-TEST
2.4.3.1. LCs0 96-hr (Fathead minnow)

Voacamine, isoschaftoside, speciosine, soyasapogenol B base + O-DDMP, O-HexA-
HexA, artocarpin, apigenin  glucoside arabinoside, nicotiflorin, 4,4'-
diaponeurosporene, isorhamnetin-3-O-rutinoside, procyanidin B1, silychrystin, 1-
dodecanoyl-2-(11Z-eicosenoyl)-glycero-3-phospho-(1'-sn-glycerol), ginsenoside F3,

demethoxycurcumin, rotenone, and ergocristine all fall under the category of
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extremely toxic (category X) because of their very low LCso values (0.0007-0.053
mg/L) against fathead minnow for 96 h. The following phytocompounds, namely,
alpha-hederin, bisabolene, hirsutine, maritimetin-6-O-glucoside, E-resveratrol
trimethyl ether, rauwolscine, 3,7,11-Trimethyl-2,4-dodecadiene, lithocholenic acid,
gardnerine, linolenic acid, isocorydine, tricyclononane 2,2,5,5,8,8-hexamethyl
(1.alpha., 6.beta.,7.alpha.,9.alpha.), azadirachtin, apiin, 1,1,3,3,4-pentamethyl-6-t-
butyl-2,3-dihydroindene, nantenine, luteolin-8-C-glucoside, hydroxygardnutine,
quinine, phosphatidylethanolamine (22:1/20:1), ouabain, napelline, and taurocholic
acid have all been classified as category A due to their very high toxicity to fathead
minnow. The LCso value for these compounds after 96 hours of exposure ranges from
0.16 to 4.61 mg/L. 1-(4-Isopropylphenyl)-2-methylpropyl acetate, Patchouli alcohol,
Taurodeoxycholate, Guan-fu base Y, Anabasamine, Vincamine,
Phosphatidylcholine(14:0/18:3n6), Taurochenodeoxycholate, and [3-hexadecoxy-2-
[(9Z,11E)-13-hydroxy octadic a-9,11-dienoyl]oxypropyl] 2-(trimethylazanium yl)
ethyl phosphate all fall under the category of high toxicity (category B). 4-Isopropyl-
3.,4-dimethylcyclohexa-2,5-dienone, 1H-Purin-6-amine,N-((3-fluoropheny l)methyl),
Cycloheximide, and Phosphatidylethanolamine 18:0-22:6 were found to have
moderate toxicity (category C). Only as few as three phytocompounds (3-oxo0-C8-
homoserine lactone, phosphatidylcholine 15:0/18:1(11Z), and loganin) were found to
have low toxicity (category D) (Table 2).

2.4.3.2. LCs0 48-hr (Daphnia magna)

Tricyclononane 2,2,5,5,8,8-hexamethyl(1.alpha.,6.beta.,7.alpha.,9.alpha.), 1-
dodecanoyl-2-(11Z-eicosenoyl)-glycero-3-phospho-(1'-sn-glycerol)], Phophatidyl
ethanolamine (22:1/20:1), Phophatidylethanolamine (18:0-22:6), 4.4'-
diaponeurosporenel-(5Z,8Z2,11Z,14Z, 17Z-eicosapentaenoyl)-2-(9 Z-nonadecenoyl)-
glycero-3-phosphoserine, and 1,2-diarachidonoyl-sn-glycero-3-phosphoethanolamine
showed extremely high toxicity (category X) on the basis of their LCso (0.0001-0.049
mg/L) against D. magna after 48 hr. Thirteen phytocompounds (3,7,11-trimethyl-2,4-
dodecadiene, phosphatedylcholine (14:0/18:3n6), bisabolene, procyanidin BI,
1,1,3,3,4-Pentamethyl-6-t-butyl-2,3-dihydroindene, nantenine, voacamine,

speciosine, artocarpin, silychrystin, rotenone, isocorydine, 3-hexadecoxy-2-
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[(9Z,11E)-13-hydroxy octadica-9,11-dienoylJoxy propyl] 2-(trimethylazaniumyl)
ethylphosphate, and phosphatedylcholine (15:0/18:1(11Z)) showed very high toxicity
(category A), with their LCso ranging from 0.11-0.92 mg/L. On the other hand, the
phytocompounds 4-isopropyl-3,4-dimethyl cyclohexa-2,5-dienone, patchouli alcohol,
1-(4-Isopropylphenyl)-2-methylpropyl acetate, 1H-purin-6-amine,N-((3-fluoropheny
l)methyl), azadirachtin, taurodeoxycholate, quinine, E-resveratrol trimethyl ether,
guan-fu base Y, ergocristine, vincamine, anabasamine, lithocholenic acid, rauwolscine,
linolenic acid, hydroxygardnutine, hirsutine, gardnerine, taurocholic acid, and
taurochenodeoxycholate were predicted to be highly toxic (category B) with LC50
value 1.12 — 6.76 mg/L against D. magna after 48 hr (Table 2).

2.4.3.3. 1GCso 48hr (Tetrahymena pyriformis)

No phytocompounds of the methanolic extract of Parkia timoriana seed pod were
predicted to have extreme toxicity (category X) against 7. pyriformis for 48 h. Three
compounds (bisabolene, 3,7,11-Trimethyl-2,4-dodecadiene, and linolenic acid)
predicted very high toxicity (category A) against 7. pyriformis (category A), having an
IGCso value of 0.54, 0.33, and 0.43 mg/L, respectively. The majority of the
phytocompounds, namely tricyclo[4.3.0.0(7,9)]nonane2,2,5,5,8,8-
hexamethyl(1.alpha.,6.beta.,7.alpha.,9.alpha), 5-ethyl-3-methyl-3,4-nonadien-6-yne,
1,1,3,3,4-pentamethyl-6-t-butyl-2,3-dihydroindene, 4-1sopropyl-3,4-
dimethylcyclohexa-2,5-dienonel-(4-Isopropylphenyl)-2-methylpropyl acetate,
napelline, 1- dodecanoyl-2-(11Z-eicosenoyl)-glycero-3 phospho-(1'-sn-glycerol),
ginsenoside F3, taurodeoxycholate, quinine, E-resveratrol trimethyl ether,
demethoxycurcumin, ergocristine, artocarpin, guan-fu base Y, lithocholenic acid,
rauwolscine, speciosine, rotenone, isocorydine, gardnerine, hydroxygardnutine,
nantenine, ouabain, phophatidylethanolamine (22:1/20:1), 4,4'-diaponeurosporene, 1-
(52,8Z,11Z,- 14Z,17Z-eicosapentaenoyl) -2-(9 Z-nonadecenoyl)- glycero-3-
phosphoserine, phophatidylethanolamine (18:0/22:6), 1,2- diarachidonoyl-sn-glycero-
3-phosphoethanolamine,  procyanidin ~ Bl, hirsutine,  phosphatidylcholine
(14:0/18:3n6), 3-hexadecoxy-2-[(9Z,11E)-13-hydroxy octadic a-9,11-dienoyl]oxy
propyl] 2-(trimethylazaniumyl) ethyl phosphate, alpha-hederin,

taurochenodeoxycholate, taurocholic acid, and soyasapogenol B base + O-DDMP, O-
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HexA-HexA, had high toxicity (category B) with an estimated IGCso value between
2.37 and 9.64 mg/L (Table 2).

2.4.3.4. LDso oral (rat)

Phytocompounds from the methanolic extract of P. timoriana seed pod did not fall
under the categories of either category X (extreme toxicity) or category A (severe
toxicity) in the oral toxicity prediction in rats. Additionally, only two phytocompounds,
including isocorydine and cycloheximide showed high toxicity (category B) in rats
(oral), with predicted LDso values of 6.91 and 8.88 mg/kg, respectively. Among the 61
compounds identified from the methanolic extract of P. timoriana seed pod, 40 had
LDso values greater than 500 mg/kg and were therefore classified as non-toxic to rats
based on the toxicity scale (mammalian) of ATSDR, EPA. Napelline, quinine,
voacamine, rotenone, rauwolscine, hirsutine, and gardnerine showed low toxicity
(category D) with LDso values ranging between 180.63 mg/kg and 457.91 mg/kg.
However, ginsenoside F3, ginkgolide C, azadirachtin, guan-fu base Y, ergocristine,
anabasamine, ouabain, hydroxygardnutine, soyasapogenol B base + O-DDMP, O-
HexA-HexA, and alpha-hederin fell under category C with moderate toxicity and LDso
values ranging between 26.91 mg/kg and 61.21 mg/kg (Table 2).

2.4.3.5. Predicted toxicological hierarchy

Twenty phytocompounds from the methanolic extract of Parkia timoriana (napelline,
ginsenoside F3, taurodeoxycholate, 1soschaftoside, cycloheximide,
demethoxycurcumin, apiin, lithocholenic acid, loganin, nantenine, apigenin glucoside
arabinoside, nicotiflorin, luteolin-8-C-glucoside, ouabain, maritimetin-6-O-glucoside,
hirsutine, isorhamnetin-3-O-rutinoside, alpha-hederin, taurochenodeoxycholate, and
soyasapogenol B base + O-DDMP, O-HexA-HexA) had the same order of toxicity for

different organisms as fathead minnow > 7. pyriformis > D. magna > rat.

Nineteen phytocompounds from the methanolic extract of Parkia timoriana (3,7,11-
trimethyl-2,4-dodecadiene, voacamine, 1-dodecanoyl-2- (11Z-eicosenoyl)-glycero-3
phospho-(1'-sn-glycerol), E-resveratrol trimethyl ether, azadirachtin, quinine, guan-fu
base Y, ergocristine, artocarpin, vincamine, rotenone, rauwolscine, speciosine,

silychrystin, linolenic acid, gardnerine, hydroxygardnutine, isocorydine, and
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procyanidin B1) showed toxicity to mammalian and aquatic organisms in the given

order: fathead minnow > D. magna > T. pyriformis > rat.

The toxicity order of D. magna > tathead minnow > 7. pyriformis > rat was shown by
fifteen phytocompounds from the methanolic extract of Parkia timoriana, including

4-isopropyl-3,4-  dimethylcyclohexa-2,5-dienone,  patchouli  alcohol, 1-(4-

isopropylphenyl)-2-methylpropyl acetate, 1H-purin6-amine,N-((3-
fluorophenyl)methyl), tricyclo[4.3.0.0(7,9)] nonane, 2,2,5,5, 8,8-hexa methyl-
,(1.alpha.,6.beta.,7.al pha.,9.alpha.), 1,1,3,3,4-pentamethyl-6-t-butyl-2,3-

dihydroindene, bisabolene, phophatidylethanolamine (22:1/20:1), anabasamine, 4,4'-
diaponeurosporene, phophatidylethanolamine (18:0-22:6), 1-(5Z,8Z,11Z, 14Z,17Z-
eicosapentaenoyl)-2-(9 Z-nonadecenoyl)- glycero-3-phosphoserine,
phosphatidylcholine (14:0/18:3n6), 1,2-diarachidonoyl-sn glycero-3-
phosphoethanolamine, and 3-hexadecoxy-2-[(9Z,11E)-13-hydroxyoctadica-9,11-
dienoyl]oxy propyl]2-(trimethylazaniumyl) ethyl phosphate.

The toxicity order of two phytocompounds from the methanolic extract of Parkia
timoriana, namely 3-oxo-C8-homoserine lactone, and taurocholic acid, showed the

order T. pyriformis > fathead minnow > D. magna > rat.
2.4.3.6. Bioconcentration factor

The phytocompounds tricyclo[4.3.0.0(7,9)] nonane,2,2,5,5,8,8-hexa-methyl-
,(1.alpha.,6.beta.,7.alpha.,9.alpha.), and 1,1,3,3,4-pentamethyl-6-t-butyl-2,3-
dihydroindene were predicted to have the highest bioconcentration factor, having a
value of 16515.36, and 5726.79, respectively. This shows their high bioaccumulative
character. No other phytocompounds from the methanolic extract of Parkia timoriana
have a BCF value higher than 2000, therefore, it may be concluded that they do not

have bioaccumulative characteristics (Table 3).
2.4.3.7. Developmental toxicity

A total of six compounds from PTME, including Isoschaftoside, apigenin glucoside
arabinoside, apiin, ouabain, maritimetin-6-O-glucoside, and 3-oxo-C8-homoserine

lactone, were predicted to be non-toxic in the development of an organism with a score
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between 0.37 and 0.48. However, forty-six (out of sixty-one) showed toxicity to
development, having a score between 0.53 and 1.38. Phytocompounds showing very
high developmental toxicity were ergocristine (1.38), hydroxygardnutine (1.06),
lithocholenic acid (1.00), and procyanidin B1 (1.00) (Table 3).

2.4.3.8. Mutagenicity

The phytocompounds from PTME, namely, 1H-purin-6-amine,N-((3-
fluorophenyl)methyl), E-resveratrol trimethyl ether, taurodeoxycholate, gardnerine,
anabasamine, luteolin-8-C-glucoside, nantenine, taurochenodeoxycholate,
procyanidin B1, and taurocholic acid, are predicted to have a mutagenic score of above
0.5, therefore considered mutagens. Whereas, the other 51 phytocompounds of PTME

were found to be non-mutagens, having scores below 0.5 (Table 3).
2.4.4. Toxicity prediction using VEGA HUB, Toxtree, and OECD QSAR tools
2.4.4.1. Oral toxicity (Cramer)

The Cramer classification approach is used to assess the toxicological profile of an
orally taken chemical. Class I substances are considered to have low toxicity, Class II
substances are considered to have intermediate toxicity, and Class III substances are
considered to have high toxicity. Fourteen phytocompounds from PTME, namely,
3,7,11-trimethyl-2,4-dodecadiene, patchouli alcohol, 1-(4-Isopropylphenyl)-2-
methylpropyl acetate, tricyclo[4.3.0.0(7,9)]nonane,2,2,5,5,8,8-
hexamethyl,(1.alpha.,6.beta.,7.alpha.,9.alpha.), 1,1,3,3,4- penta methyl-6-t-butyl-2,3-
dihydroindene, 1-methyl-4-(1,5-dimethyl-4hexenylidene)-1-cyclohexene, linolenic
acid, 1-dodecanoyl-2-(11Z-eicosenoyl)-glycero-3-phospho-(1'-sn-glycerol), 4.,4'-
diaponeurosporene, phophatidylethanolamine (22:1/20:1), phophatidylethanolamine
(18:0-22:6), 1,2-diarachidonoyl-sn-glycero-3-phosphoethanolamine, 1-
(52,8Z,11Z,14Z,17Z-eicosapentaenoyl)-2-(9Z-nonad-ecenoyl)-glycero-3-phosphose
rine, and phosphatidylcholine (14:0/18:3n6) showed low oral toxicity (category I)
under Cramer’s classification. 4-isopropyl-3,4-dimethylcyclohexa-2,5-dienone is the
only phytocompound with intermediate toxicity (category II). The majority of the
phytocompounds (i.e., forty-six) fall under high toxicity (category III) (Table 4).
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2.4.4.2. Carcinogenicity

Most of the phytocompounds from PTME showed negative carcinogenicity, except
ten, including 4-isopropyl-3,4-dimethylcyclohexa-2,5-dienone, scopolamine-N-butyl,
1H-purin-6-amine, N-((3-fluorophenyl)methyl), speciosine, azadirachtin, nantenine,
isocorydine, isorhamnetin-3-O-rutinoside, hydroxygardnutine, and soyasapogenol B
base + O-DDMP, O-HexA-HexA, which were predicted to be positive for

carcinogenicity (Table 4).
2.4.4.3. Reproductive toxicity

Nineteen phytocompounds from PTME were predicted to be toxic reproductively. The
phytocompounds include patchouli alcohol, scopolamine-N-butyl, 1,1,3,3,4-
pentamethyl-6-t-butyl-2,3-dihydroindene, cycloheximide, 1-dodecanoyl -2-(11Z-
eicosenoyl)-glycero-3-phospho-(1'-sn-glycerol), artocarpin, anabasamine, speciosine,
rauwolscine, isocorydine, gardnerine, hydroxygardnutine, nantenine,
phophatidylethanolamine (22:1/20:1), phophatidylethanolamine (18:0-22:6), 1,2-
diarachidonoyl-sn-glycero-3-phosphoethanolamine, 1-(52,82,112,14Z,17Z-
eicosapentaenoyl)-2-(9Znonadecenoyl)-glycero-3-phosphoserine, [3-hexadecoxy-2-
[(9Z,11E)-13-hydroxyoctadeca-9,11-dienoyl]oxypropyl]2-(trimethylazaniumyl)ethyl
phosphate, and phosphatidylcholine (14:0/18:3n6) (Table 4).

2.4.4.4. NOAEL

The NOAEL (no observable adverse effect level) is the dosage at which no effects are
detected in repeated dose toxicity testing. This endpoint reflects the safety level of a
chemical. The NOEL value is the level of exposure to a substance that does not cause
any long-term toxicity. The phytocompounds (37.70 %) from PTME that had high
NOAEL values suggest that these chemicals are safe and have not been associated with
any adverse effects. However, the bulk of the phytocompounds (62.29 %) have low
values for NOAEL. Among those phytocompounds, some of the lowest NOAEL
include ergocristine (9.67 mg/kg), E-resveratrol trimethyl ether (9.67 mg/kg),
phophatidylethanolamine (22:1/20:1) (10.42 mg/kg), 5-ethyl-3-methyl-3,4-nonadien-
6-yne (11.22 mg/kg), 1-methyl-4-(1,5-dimethyl-4-hexenyli dene)-1-cyclohexene
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(10.65 mg/kg), and patchouli alcohol (15.86 mg/kg), suggesting their toxic effects in
a repeated toxicity test (Table 4).

2.4.4.5. Repeated dose (HESS)

The majority of the phytocompounds (forty-eight out of sixty-one) were predicted to
be harmless and did not cause any organ toxicity in a repeated toxicity test. Few of the
phytocompounds, including 1,1,3,3,4- pentamethyl-6-t-butyl-2,3-dihydroindene,
demethoxycurcumin, and quinine, showed both hepatotoxicity and nephrotoxicity in
repeated toxicity tests. Cycloheximide is predicted to be hepatotoxic, while 5-ethyl-3-
methyl-3,4-nonadien-6-yne, 3,7,11- trimethyl-2,4-dodecadiene, tricyclo[4.3.0.0(7,9)]
nonane, 2,2,5,5,8,8-hexamethyl-,(1.alpha.,6.beta.,7.alpha., 9.alpha.), E-resveratrol
trimethyl ether, 1-methyl-4-(1,5-dimethyl-4-hexenyli dene)-1-cyclohexene, loganin,

rauwolscine, and 4,4'-diaponeurosporene may show toxicity for kidney (Table 4).
2.4.4.6. Lipinski rule and cytochrome p450

Following the Lipinski rule, twenty-seven out of the sixty-one phytocompounds from
PTME have been shown to be bioavailable. The phytocompounds include 1-(4-
Isopropylphenyl)-2-methylpropyl acetate, patchouli alcohol, 4-isopropyl-3,4-
dimethylcyclohexa-2,5-dienone, scopolamine-N-butyl, 1H-purin-6-amine, N-((3-
fluorophenyl) methyl), taurodeoxycholate, napelline, E-resveratrol trimethyl ether,
quinine, rauwolscine, ginkgolide C, guan-fu base Y, hydroxygardnutine,
demethoxycurcumin, anabasamine, cycloheximide, rotenone, vincamine, gardnerine,
speciosine, hirsutine, isocorydine, loganin, nantenine, 3-oxo-C8-homoserine lactone,

and paeoniflorin (Table 4).

All the phytocompounds from PTME can be metabolised by the metabolic enzymes

of cytochrome P450 into intermediates that may be more readily eliminated (Table 4).
2.4.5. PASS prediction for biological activities

Different phytocompounds from PTME exhibited different biological activities as per
PASS (way2drug) prediction. Thirty-one phytocompounds had dementia treatment
activity; seventeen phytocompounds can be metabolised by the cytochrome p450

enzyme complex; forty-one had anti-oxidant activity; forty-five showed anti-

32



inflammatory activity; twenty-three phytocompounds acted as neurotrophic factor
enhancers; five can be used as an amyloid-f aggregation inhibitor; fifteen
phytocompounds can stimulate the concentration of acetylcholine; and two
phytocompounds can be used for treating Alzheimer’s disease (Table 5). The
phytocompounds exhibited a higher likelihood of activity (Pa) than inactivity (Pi) for

all the activities predicted.
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Figure 1. Parkia timoriana (wild bean) tree and its green, soft, and processed pods.

(A) A tree of P. timoriana located in Tanhril forest of Aizawl, Mizoram, India. (B) P.
timoriana seed pods eaten as a vegetable, salad, or chutney. (C) P. timoriana seed pods
that have been cleaned, cut, and allowed to air dry. (D) P. timoriana seed pods that

have been processed for the process of methanolic extraction.
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Gas chromatography-mass spectrometry chromatogram of Parkia timoriana phytocompounds
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Figure 2. The chromatogram displays the results of the GC-MS (gas chromatography-mass spectrometry) examination of methanolic

extract of Parkia timoriana seed pod.
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Figure 3. The chromatogram displays the results for the positive ion mode of LC-MS (liquid chromatography-mass spectrometry) analysis

of the methanolic extract of Parkia timoriana seed pod.
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Total Ion Chromatogram (Negative Mode)
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Figure 4. The chromatogram displays the results for the negative ion mode of LC-MS (liquid chromatography-mass spectrometry) analysis
of the methanolic extract of Parkia timoriana seed pod.
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Table 1. The phytocompounds present in the methanolic extract of Parkia timoriana

seed pod were identified using GC-MS (gas chromatography-mass spectrometry) and

LC-MS (liquid chromatography-mass spectrometry) studies.

Sl. Compound Formula Retention S e'\élt?ism Molecular
no. P time P weight
(m/z)
GC-MS analysis
1. | 3,7,11-Trimethyl-2,4-dodecadiene CisHos 6.623 95.05 208.38
2 ;Ethy"3'methy"3’4'”°”ad'e”'G' CizHis 8567 | 13320 | 162.27
3 4—Isop_ropyl—3,4—d|methylcyclohexa CuHiO 9.003 122 10 164.24
-2,5-die none
4, | L-(4-Isopropylphenyl)-2-methylpro |~ | 11647 | 19115 | 23433
pyl acetate
5. | Patchouli alcohol CisH260 11.870 83.05 222.37
Tricyclo[4.3.0.0(7,9)]nonane, 2,2,5,
6. | 5,8,8-hexamethyl-, (1.alpha.,6.beta., CisHas 12.037 135.10 206.37
7.alpha.,9. alpha.)-
1H-Purin-6-amine, N-((3-fluorophe
7. nyDmethyl)- C12H10FNs 12.690 73.05 243.24
8. | Bisabolene CisH24 12.847 119.10 204.35
1,1,3,3,4-Pentamethyl-6-t-butyl-2,3
9. _dihydro indene CigHzs 13.223 229.15 244.42
LC-MS analysis
10. | Scopolamine-N-butyl Co1H3oNO4* 1.12 360.2690 | 360.5
11 1-dodecanoyl-2-(11Z-eicosenoyl)- CosHoaOnoP 113 491.1929 791
" | glycero-3-phospho-(1'-sn-glycerol) | ~**'7*~10 ' '
12. | Napelline C22H33NOs 1.19 360.3060 | 359.5
13. | Taurodeoxycholate C26HasNO6S 5.15 459.2112 499.7
14. | Voacamine Cu3Hs2N4Os 5.19 457.2131 | 704.9
15. | Ginsenoside F3 Cs1H70013 5.22 459.2112 | 771.0
16. | Isoschaftoside Ca26H28014 5.28 457.1761 564.5
17. | Azadirachtin C35H44O16 8.72 479.0069 720.7
18. | E-Resveratrol trimethyl ether C17H1803 11.01 225.1370 | 270.32
19. | Ginkgolide C Ca0H24011 14.57 325.3393 | 440.4
20. | Quinine C20H24N20, 14.60 325.1912 | 324.4
21. | Ergocristine CssH39Ns0s 15.14 223.1758 | 609.7
22. | Demethoxycurcumin C20H1305 15.18 223.1388 338.4
23. | Guan-fu base Y Ca2H29NOs 15.25 264.3597 387.5
24. | Cycloheximide CisH23sNO4 15.37 264.3597 | 281.35
25. | Anabasamine CisH19N3 15.42 264.3597 | 253.34
26. | Vincamine C21H26N203 15.47 264.3967 354.4
27. | Artocarpin C26H2506 16.04 325.4133 | 436.5
28. | Rauwolscine Co1H26N203 16.12 293.2585 354.4
29. | Lithocholenic Acid C24H3503 16.22 241.2701 | 374.6
30. | Rotenone C23H2206 16.25 241.3441 | 3944
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31. | Silychrystin CasH22010 16.71 299.5488 | 482.4
32. | Speciosine Ca2sH3:NOs 17.00 297.5137 4775
33. | Apiin Ca6H28014 17.04 299.5118 | 564.5
34. | Gardnerine Co0H24N20, 20.23 325.2652 324.4
35. | Loganin C17H26010 20.27 227.2831 | 390.4
36. | Apigenin glucoside arabinoside Ca6H25014 20.34 227.0981 | 564.5
37. | Linolenic acid CisH3002 20.40 279.5306 | 278.4
38. | Isocorydine CaoH23NO4 20.59 279.3087 341.4
39. | Nantenine Ca0H21NO4 20.64 279.2716 339.4
40. | Phosphatidylcholine 15:0/18:1(11Z) | C41HgoNOgP |  20.76 205.3775 | 746.0
41. | Luteolin-8-C-glucoside Ca1H20011 21.52 253.3330 | 448.4
42. | Nicotiflorin C27H30015 21.56 253.4070 | 594.5
43. | Hydroxygardnutine CaoH22N203 22.37 279.3826 338.4
44. | Phophatidylethanolamine(22:1/20:1) | C47HeoNOgP 22.42 279.4566 828.2
45. | Phosphatidylethanolamine 18:0-22:6 | C4sH7sNOgP 22.51 279.4566 792.1
46. | Maritimetin-6-O-glucoside Ca1H20011 22.70 241.3071 | 448.4
47. | Ouabain C29H14017 23.25 403.3759 | 584.7
48. | 4,4'-Diaponeurosporene CsoHa 23.39 403.3389 402.7
1-(52,82,112,14Z,17Z-eicosapenta
49. | enoyl)-2-(9Z-nonadecenoyl)-glyce |CassH7NO1oP|  25.43 255.4051 822.1
ro-3-phosphoserine
50. | Isorhamnetin-3-O-rutinoside C2sH32016 25.57 255.2571 624.5
51. | Paeoniflorin C23H28011 25.62 255.3311 480.5
52. Procyanidin Bl C30H25012 25.98 281.3438 578.5
53, | L2-diarachidonoyl-sn-glycero-3- |~ Nop | 2602 | 281.3807 | 788.0
phospho ethanolamine
54. | Phosphatidylcholing(14:0/18:3n6) | C40H74aNOgP 26.10 281.4547 | 728.0
55. | Hirsutine C22H28N203 27.15 369.2234 | 368.5
56. | Taurochenodeoxycholate C26HasNO6S 27.43 465.5754 | 499.7
[3-hexadecoxy-2-[(9Z,11E)-13-hyd
roxyoctadeca-9,11-dienoylJoxypro
57. | 0 )2/-(trimethy| azanium%)]ethi’,ﬁ’ PlCiHENOP | 2777 | 610.8422 | 760.1
phosphate
>8 | Alpha-Hederin CuHsOp | 2800 | 3914244 | 7510
59. g‘fﬁi‘;"ﬂoﬁggﬁ base + O-DDMP, | ¢ 01 | 2821 | 3014244 | 937.1
60. | Taurocholic acid C26H1sNO-S 36.54 463.3923 | 515.7
61. | 3-ox0-C8-homoserine lactone C12H19NO4 36.92 214.3692 | 241.28
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Table 2. The values of LDso (Rattus), LCso (Pimephales promelas; Daphnia magna), and 1GCso (Tetrahymena pyriformis) of the

phytocompounds found in the methanolic extract of Parkia timoriana seed pod were determined utilising the TEST software (Toxicity

Estimation Software Tool) on the basis of a QSAR model (quantitative structure—activity relationship).

Pimephales promelas| Daphnia magna Tg;rﬁ?grrpnﬁga Rat
Sl. Phytocompound (Fathigg rr]nrl )nnow) (Glan(t4vg/aht$)r flea) (Free living ciliate) (Rattusgt;;\lleglcus)
No. (Parkia timoriana) (48 hr)
LCso LCso IGCso LDso
(my/L) Category (mg/L) Category (my/L) Category (ma/ka) Category
1. | 3,7,11-Trimethyl-2,4-dodecadiene 0.19 A 0.25 A 0.33 A 5463.81 NT
2. | 5-Ethyl-3-methyl-3,4-nonadien-6-yne N/A N/A N/A N/A 3.47 B 4365.01 NT
3. g'és_gf’err?gzﬁ’4'd'methy'cyc'°hexa' 10.15 C 4.65 B 9.32 B 423212 | NT
4 ;&g‘:;tz(’pmpy'phe”y')'z'methy'pmpy' 450 1.12 9.64 B 637.06 NT
5. | Patchouli alcohol 7.27 3.19 42.00 1368.51 NT
Tricyclo[4.3.0.0(7,9)]nonane, 2,2,5,5,
6. | 8,8-hexa methyl-, (1.alpha.,6.beta.,7.al| 0.68 A 0.049 X 6.52 B 4193.31 NT
pha.,9. alpha.)-
7. Il)':]';‘rjl;'lr)"fs'am'”e' N-((3-fluoropheny | 4, 4 C 3.14 B 48,51 C 2001.30 NT
8. | Bisabolene 0.23 A 0.13 0.54 A 4720.54 NT
1,1,3,3,4-Pentamethyl-6-t-butyl-2,3-
9. | dihy-droin 0.87 A 0.11 A 2.20 B 1068.10 NT
dene
10. | Scopolamine-N-butyl N/A N/A N/A N/A N/A N/A N/A N/A
11, | L-dodecanoyl-2-(11Z-eicosenoyl)-gly | -, 1559 X 0.011 X 7.55 B | 21377.17| NT
ce-ro-3 ph ospho-(1'-sn-glycerol)
12. | Napelline 0.62 A 15.86 C 491 B 233.91 D
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13. | Taurodeoxycholate 1.94 B 4.26 B 2.37 B 1988.17 NT
14. | Voacamine 0.039 X 0.13 A 10.31 C 210.12 D
15. | Ginsenoside F3 0.043 X 46.74 C 3.24 B 36.52 C
16. | Isoschaftoside 0.035 X 122.66 D 18.09 C 1209.68 NT
17. | Azadirachtin 0.16 A 2.62 B 10.54 C 32.63 C
18. | E-Resveratrol trimethyl ether 0.17 A 2.53 B 5.05 B 1289.40 NT
19. | Ginkgolide C N/A N/A 19.95 C 11.28 C 30.32 C
20. | Quinine 0.61 A 6.64 B 7.58 B 430.63 D
21. | Ergocristine 0.0013 X 3.08 B 6.53 B 94.37 C
22. | Demethoxycurcumin 0.053 X 17.97 C 5.13 B 1747.94 NT
23. | Guan-fu base Y 2.37 B 4.49 B 5.29 B 36.06 C
24. | Cycloheximide 10.48 C 276.37 D 119.50 D 8.88 B
25. | Anabasamine 5.20 B 2.68 B 33.28 C 45.29 C
26. | Vincamine 1.42 B 3.98 B 7.96 C 996.51 NT
27. | Artocarpin 0.0003 X 0.62 A 2.73 B 2767.18 NT
28. | Rauwolscine 0.42 A 5.91 B 3.85 B 275.55 D
29. | Lithocholenic Acid 0.20 A 6.76 B 2.43 B 1936.85 NT
30. | Rotenone 0.0213 X 0.44 A 5.77 B 197.20 D
31. | Silychrystin 0.011 X 0.57 A 10.94 C 784.25 NT
32. | Speciosine 0.014 X 0.84 A 5.12 B 571.76 NT
33. | Apiin 0.23 A 177.95 D 37.59 C 1217.88 NT
34. | Gardnerine 0.44 A 3.71 B 441 B 457.91 D
35. | Loganin 143.94 D 1420.01 NT 25.40 C 3863.40 NT
36. | Apigenin glucoside arabinoside 0.035 X 87.89 C 18.09 C 712.93 NT
37. | Linolenic acid 0.35 A 2.01 B 0.43 A 10529.89 NT
38. | Isocorydine 0.57 A 0.92 A 5.77 B 6.91 B
39. | Nantenine 0.66 A 0.73 A 4.96 B 1849.47 NT
40. | Phosphatidylcholine 15:0/18:1(112) 124.19 D 0.62 A N/A N/A 2326.86 NT
41. | Luteolin-8-C-glucoside 0.26 A 31.54 C 24.64 C 1463.62 NT
42. | Nicotiflorin 0.0012 X 144.24 D 55.92 C 2154.77 NT
43. | Hydroxygardnutine 0.19 A 4.10 B 4.62 B 55.68 C
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44. | Phophatidylethanolamine(22:1/20:1) 4.61 A 0.0012 X 8.67 B 28810.26 NT

45. | Phosphatidylethanolamine 18:0-22:6 10.26 C 0.0008 X 8.30 B 20068.13 NT

46. | Maritimetin-6-O-glucoside 0.31 A 24.94 C 22.13 C 2110.06 NT

47. | Ouabain 0.45 A 352.41 D 6.27 B 26.91 C

48. | 4,4'-Diaponeurosporene 0.0007 X 0.0001 X 4.22 B 8948.19 NT
1-(52,82,117,147,17Z-eicosapentaen

49. | oyl) -2-(9 Z-nonadecenoyl)-glyce ro- 0.87 A 0.0013 X 8.61 B 20827.58 NT
3-phospho serine

50. | Isorhamnetin-3-O-rutinoside 0.0013 X 143.13 D 58.74 C 1610.91 NT

51. | Paeoniflorin N/A N/A N/A N/A N/A N/A N/A N/A

52. | Procyanidin B1 0.0012 X 0.45 A 5.11 B 2248.22 NT

53, | L2-diarachidonoyl-sn-glycero-3- 0.83 A |00008| X 8.25 B | 1996579 | NT
phosphoethano lamine

54. | Phosphatidylcholine(14:0/18:3n6) 3.20 B 0.60 A 7.63 B 530.65 NT

55. | Hirsutine 0.40 A 3.64 B 2.88 B 180.63 D

56. | Taurochenodeoxycholate 2.00 B 4.26 B 2.37 B 1988.17 NT
[3-hexadecoxy-2-[(9Z,11E)-13-hydro

57. | xyoctadic a-9,11-dienoyl]Joxy propyl]2| 3.34 B 0.63 A 7.97 B 554.01 NT
-(trimethylazaniumyl) ethylphosphate

58. | Alpha-hederin 0.58 A 14.70 C 8.05 B 41.93 C
Soyasapogenol B base + O-DDMP, O-

59. HexA-HexA 0.0019 X 20.32 C 3.94 B 61.21 C

60. | Taurocholic acid 3.74 A 5.82 B 2.45 B 801.94 NT

61. | 3-0x0-C8-homoserine lactone 267.39 D 488.36 D 189.82 D 995.41 NT

X: Extreme toxicity; A: very high toxicity; B: high toxicity; C: moderate toxicity; D: low toxicity; NT: nontoxic; T: Toxic; N/A: not
applicable; LCs0-96 h: the amount of the test substance in water that, after 96 hours, is fatal to 50% of fathead minnows exposed in mg/L;
LCs0-48 h: the amount of the test substance in water that, after 96 hours, is fatal to 50% of Daphnia magna exposed in mg/L; IGCs0-48 h:
concentration of the test substance in water that, after 48 hours, inhibits 7etrahymena pyriformis development by 50%; LDso - chemical

dose in mg/kg body weight that, when consumed orally, will cause death in 50% of rats.
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Table 3. The predicted values of bioaccumulation factor, mutagenicity, and
developmental toxicity of the phytocompounds found in the methanolic extract of
Parkia timoriana seed pod were derived utilising the TEST software (Toxicity

Estimation Software Tool).

Mutagenicity | Developmental
S| e ooy | B0 | (mestes | toueiy
' Value | Result | Value | Result
1. | 3,7,11-Trimethyl-2,4-dodecadiene 1170.35 | -0.02 - 0.79 T
2. | 5-Ethyl-3-methyl-3,4-nonadien-6-yne| 1905.46 | 0.19 - 0.81 T
3 4-Isopropyl-3,4-dimethylcyclohexa- 16.03 0.19 i 065 T
2,5-dienone
4 1-(4-I1sopropylphenyl)-2-methylpro 18791 021 i 0.64 T
pyl acetate
5. | Patchouli alcohol 729.56 | -0.09 - 0.63 T
Tricyclo[4.3.0.0(7,9)]nonane, 2,2,5,
6. | 5,8,8-hexa methyl-, (1.alpha.,6.beta | 16515.36 | -0.06 - 0.79 T
.,7.al pha.,9. alpha.)-
7 1H-Purin-6-amine,N-((3-fluorophe 731 0.90 + 0.69 T
nyl)methyl)
8. | Bisabolene 937.61 0.00 - 0.92 T
9 1:1,3,3,4_—Pentamethyl-6-t-buty|-2,3- 5726.79 | -016 i 0.96 T
dihy-droin dene
10. | Scopolamine-N-butyl N/A N/A N/A N/A N/A
1-dodecanoyl-2-(11Z-eicosenoyl)-gl
1L yce-ro-3 phospho-(1'-sn-glycerol) 2.31 0.22 i NIA | NIA
12. | Napelline 81.13 0.05 - 0.88 T
13. | Taurodeoxycholate 3.91 0.60 + 0.87 T
14. | Voacamine 22.22 0.31 - 0.67 T
15. | Ginsenoside F3 48.49 -0.02 - 0.67 T
16. | Isoschaftoside 6.34 0.37 - 0.37 NT
17. | Azadirachtin 263.94 0.27 - 0.67 T
18. | E-Resveratrol trimethyl ether 87.43 0.82 + 0.67 T
19. | Ginkgolide C N/A -0.07 - 0.64 T
20. | Quinine 71.55 0.39 - 0.88 T
21. | Ergocristine 52.71 -0.03 - 1.38 T
22. | Demethoxycurcumin 10.12 0.10 - 0.97 T
23. | Guan-fu base Y N/A 0.07 - 0.67 T
24. | Cycloheximide 1.39 -0.12 - 0.86 T
25. | Anabasamine 142.98 0.60 + 0.57 T
26. | Vincamine 67.55 0.27 - 0.81 T
27. | Artocarpin 60.14 0.22 - 0.76 T
28. | Rauwolscine 17.31 0.42 - 0.97 T
29. | Lithocholenic Acid 42.03 0.26 - 1.00 T
30. | Rotenone 34.77 0.33 - 0.86 T
31. | Silychrystin 1.50 0.50 - 0.65 T
32. | Speciosine N/A -0.09 - 0.96 T
33. | Apiin 10.39 0.09 - 0.48 NT
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34. | Gardnerine 4417 0.55 + 0.92 T
35. | Loganin 5.90 0.24 - 0.57 T
36. | Apigenin glucoside arabinoside 6.34 0.38 - 0.38 NT
37. | Linolenic acid 9.93 0.24 - 0.72 T
38. | Isocorydine 103.38 0.42 - 0.92 T
39. | Nantenine 123.77 0.57 + 0.84 T
40. | Phosphatidylcholine 15:0/18:1(112) 10.52 0.19 - N/A N/A
41. | Luteolin-8-C-glucoside 7.46 0.53 + 0.57 T
42. | Nicotiflorin 16.32 0.02 - 0.53 T
43. | Hydroxygardnutine 30.15 0.34 - 1.06 T
44. | Phophatidylethanolamine(22:1/20:1) | 10.52 0.06 - N/A N/A
45 zgpgphatldylethanolamlne 18:0- 10.52 0.27 i N/A N/A
46. | Maritimetin-6-O-glucoside 0.30 0.47 - 0.46 NT
47. | Ouabain 27.93 0.02 - 0.37 NT
48. | 4,4'-Diaponeurosporene 214.88 0.29 - 0.93 T
1-(52,82,112,14Z,17Z-eicosapenta
49. | enoyl) -2-(9 Z-nonadecenoyl)-glyce 10.52 0.28 - N/A N/A
ro-3-phosphoserine
50. | Isorhamnetin-3-O-rutinoside 3.86 0.02 - 0.54 T
51. | Paeoniflorin N/A 0.13 - 0.70 T
52. | Procyanidin B1 23.17 0.64 + 1.00 T
53 1,2-diarachidonoyl-_sn-gchero-3- 1052 0.29 i N/A N/A
phosphoethano lamine
54. | Phosphatidylcholine(14:0/18:3n6) 10.52 0.39 - N/A N/A
55. | Hirsutine 355.88 | 0.43 - 0.91 T
56. | Taurochenodeoxycholate 4.00 0.60 + 0.89 T
[3-hexadecoxy-2-[(9Z,11E)-13-hyd
roxyoctadic a-9,11-dienoyl]oxyprop
S7. yl] 2-(trimethylazanium yl) ethyl ph 1052 0.37 i NIA N/A
osphate
58. | Alpha-hederin 48.49 -0.01 - 0.67 T
Soyasapogenol B base + O-DDMP,
59. O-HexA-HexA 6.79 -0.03 - 0.67 T
60. | Taurocholic acid 1.35 0.60 + 0.67 T
61. | 3-ox0-C8-homoserine lactone N/A 0.02 - 0.45 NT

BCF: bioconcentration factor; T: toxicant; NT: nontoxicant; N/A: not applicable;

negative; +: positive.
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Table 4. Prediction of different toxicity parameters (oral toxicity, carcinogenicity, reproductive toxicity, NOAEL, and repeated dose

toxicity) and drug-likeness properties (Lipinski rule of five and cytochrome-P450 Metabolism) on the basis of QSAR model (quantitative

structure—activity relationship) utilising different software (Toxtree, VEGA HUB, and OECD QSAR).

Sl Phytocompound Tt()?(l;gilty Carcino-|Reproductive NOAEL Repeated dose | Lipinski Rule | Cyt-P450

No. (Parkia timoriana) (Cramer) genicity| toxicity mgl/kg | ADI toxicity (HESS) Oasist Metabolism

1. B3,7,11-Trimethyl-2,4-dodecadiene Low - NT 24.99 | 0.7 | Renal toxicity | Less bioavailable Yes

2. B-Ethyl-3-methyl-3,4-nonadien-6-yne High - NT 11.22 |0.438| Renal toxicity | Less bioavailable Yes

3, -Isopropyl-3,4-dimethylcyclohexa- o mogiatel — + NT 49.18 |0.85 - Bioavailable Yes
2,5-dienone

4, [L-(4-1sopropylphenyl)-2-methylpro- Low - NT 160.36 | 0.85 - Bioavailable Yes
y| acetate

5. |Patchouli alcohol Low - T 15.86 | 0.85 - Bioavailable Yes
Tricyclo[4.3.0.0(7,9)]nonane, 2,2,5,5,

6. B,8-hexamethyl-, (1.alpha.,6.beta.,7. Low - NT 1161.72| 0.7 | Renal toxicity | Less bioavailable Yes
alpha.,9.alpha.)-

7. [LH-Purin-6-amine, N-((3-fluorophe- High + NT 249 |0.85 - Bioavailable Yes
nyl)methyl)-

g. [L-Methyl-4-(1,5-dimethyl-4-hexenyli Low - NT 10.65 | 0.85| Renal toxicity |Less bioavailable Yes
dene)-1-cyclohexene

Liver enzyme

9. 1,1,3,3,4-Pentamethyl-6-t-butyl-2,3- Low - T 19.84 | 0.85 |induction, Renal | Less bioavailable Yes

dihydroindene -
toxicity

10. |Scopolamine-N-butyl High + T 28.67 |0.85 - Bioavailable Yes

11. 1-d0decanoyl-2-(1'1 Z-eicosenoyl)-gly Low - T 66.74 | 0.85 - Less bioavailable Yes
cero-3-phospho-(1'-sn-glycerol)

12. Napelline High - NT 1097.23| 0.7 - Bioavailable Yes

13. [Taurodeoxycholate High - NT 171.95 10.625 - Bioavailable Yes
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14. Moacamine High - NT 7346.83 (0.585 - Less bioavailable Yes
15. Ginsenoside F3 High - NT 2663790| 0.7 - Less bioavailable Yes
16. Isoschaftoside High - NT 1734203/0.434 - Less bioavailable Yes
17. |Azadirachtin High + NT 610379 |0.476 - Less bioavailable Yes
18. [E-Resveratrol trimethyl ether High - NT 9.67 | 0.85| Renal toxicity Bioavailable Yes
19. (Ginkgolide C High - NT 8733.73| 0.7 - Bioavailable Yes
20. Quinine High - NT 302.06 | 0.85 Hepatotox!c!ty, Bioavailable Yes
Renal toxicity
21. [Ergocristine High - NT 0.87 |0.248 - Less bioavailable Yes
22. [Demethoxycurcumin High - NT 74.44 | 0.85 Hepatotox!c!ty, Bioavailable Yes
Renal toxicity
23. |Guan-fu base Y High - NT 59.14 | 0.7 - Bioavailable Yes
24. |Cycloheximide High - T 259.84 | 0.85 | Hepatotoxicity Bioavailable Yes
25. |Anabasamine High - T 25.62 | 0.85| Renal toxicity Bioavailable Yes
26. Vincamine High - NT 31.94 10.468 - Bioavailable Yes
27. |Artocarpin High - T 2766.3 |0.482 - Less bioavailable Yes
28. [Rauwolscine High - T 714.99 | 0.85| Renal toxicity Bioavailable Yes
29. |Lithocholenic Acid High - NT 396.83 | 0.7 - Less bioavailable Yes
30. Rotenone High - NT 381.59 | 0.85 - Bioavailable Yes
31. [Silychrystin High - NT 26791 | 0.7 - Less bioavailable Yes
32. Speciosine High + T 301.23 |0.642 - Bioavailable Yes
33. JApiin High - NT 3437.95|0.442 - Less bioavailable Yes
34. (Gardnerine High - T 4298.33| 0.7 - Bioavailable Yes
35. [Loganin High - NT 5989.63| 0.7 | Renal toxicity Bioavailable Yes
36. |Apigenin glucoside arabinoside High - NT 1029200/0.434 - Less bioavailable Yes
37. Linolenic acid Low - NT 268.29 | 0.7 - Less bioavailable Yes
38. llsocorydine High + T 3187.13| 0.85 - Bioavailable Yes
39. Nantenine High + T 59.89 ]0.651 - Bioavailable Yes
40. Phosphatidylcholine 15:0/18:1(112) High - T 20.81 |0.85 - Less bioavailable Yes
41. |Luteolin-8-C-glucoside High - T 187154 |0.466 - Less bioavailable Yes




42. Nicotiflorin High - NT 17607.60.433 - Less bioavailable Yes
43. Hydroxygardnutine High + T 187.72 | 0.85 - Bioavailable Yes
44. Phophatidylethanolamine(22:1/20:1) Low - T 10.42 |0.85 - Less bioavailable Yes
45. Phosphatidylethanolamine 18:0-22:6 Low - T 70.79 |0.85 - Less bioavailable Yes
46. Maritimetin-6-O-glucoside High - NT 35563 | 0.7 - Less bioavailable Yes
47. Ouabain High - NT 3180.53| 0.7 - Less bioavailable Yes
48. 4,4'-Diaponeurosporene Low - NT 14.02 |0.699| Renal toxicity | Less bioavailable Yes
1-(52,82,117,14Z,17Z-eicosapentae
49. noyl)-2-(9Z-nonadecenoyl)-glycero-3- Low - T 338.69 | 0.85 - Less bioavailable Yes
hosphoserine
50. [Isorhamnetin-3-O-rutinoside High + NT 50886.2 [0.428 - Less bioavailable Yes
51. Paeoniflorin High - NT 3445.09| 0.48 - Bioavailable Yes
52. Procyanidin B1 High - NT 347456 10.625 - Less bioavailable Yes
53, [L,2-diarachidonoyl-sn-glycero-3-phos | - ., . T 172.19 | 0.85 - Less bioavailable | Yes
hoethanolamine
54. Phosphatidylcholine(14:0/18:3n6) Low - T 54.24 |0.85 - Less bioavailable Yes
55. Hirsutine High - T 854.28 | 0.85 - Bioavailable Yes
56. [Taurochenodeoxycholate High - NT 127.15 |0.625 - Bioavailable Yes
[3-hexadecoxy-2-[(9Z,11E)-13-hydro
57. xyoctadeca-9,11-dienoyl]oxypropyl]2 High - T 92.62 |0.85 - Less bioavailable Yes
-(trimethylazaniumyl)ethyl phosphate
58. |Alpha-Hederin High - NT 15881.81 0.7 - Less bioavailable Yes
59. goﬁaesfioazr)‘g B base + O-DDMP, High + NT | 376530 | 0.7 - Less bioavailable | Yes
60. [Taurocholic acid High - NT 358.59 [0.629 - Less bioavailable Yes
61. 3-0x0-C8-homoserine lactone High - NT 31.52 | 0.85 - Bioavailable Yes

ADI: Acceptable daily intake; NOAEL: No-observed-adverse-effect-level; HESS: Hazard evaluation support system; NT: nontoxic; T:

Toxic; -: negative; +: positive; Oral Toxicity (Cramer): the Cramer classification scheme is used for assessing the toxicological profile
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of the chemicals, when administered orally, which places the compound in one of the three classes- Class I (Low toxicity), Class 11
(Intermediate toxicity), and Class III (High toxicity); Carcinogenicity: carcinogenicity is predicted based on a list of 55 structural alerts
(SAs). The SAs for carcinogenicity are molecular functional groups or substructures known to be linked to the carcinogenic activity of
chemicals. As one or more SAs embedded in a molecular structure are recognised, the system flags the potential carcinogenicity of the
chemical; Reproductive toxicity: predicts the possible harm that a specific chemical agent will have on both male and female fertility as
well as the development of the children; NOAEL: The highest concentration or amount of a chemical at which a population exposed to it
experiences no discernible negative effects; Repeated dose (HESS): Predicts the possible organ toxicity for oral repeated dose base on test
data in the database of Hazard Evaluation Support System (HESS); Lipinski Rule Oasis: Lipinski's Rule of Five is a rule of thumb to
evaluate drug likeness. An orally active drug should have hydrogen bond donors < 5, hydrogen bond acceptors < 10, molecular weight <
500 Da, and octanol-water partition coefficient (log P) < 5; Cyt-P450 Metabolism: the enzymes of cytochrome P450 function to metabolize
compounds that are possibly toxic, including drugs. The tool predicts the site of metabolism of chemicals by cyt-P450 enzymes; Toxtree:

https://toxtree.sourceforge.net/; VEGA HUB: https://www.vegahub.eu/; OECD QSAR: https://gsartoolbox.org/download/
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Table 5. Prediction of different biological activities of the phytocompounds found in the methanolic extract of Parkia timoriana seed

pod using PASS (way2drug).

.| Cytochrome . . Neurotrophice Amyloid-p .| Alzheimer
Sl. Phytoompound 'II'DreeI:t?‘::zlr?t P450 oﬁ;gg;t Anr::;lltgffljm factor  |aggregation A?siitrsrl:lirl];r?tne Disease
No. (P. timoriana) stimulant enhancer inhibitor treatment
Pa Pi Pa Pi Pa Pi Pa Pi Pa Pi Pa Pi Pa Pi Pa Pi
. Pl Trimetyl-2,4 -do 0.390 |0.058 |0.365 | 0.070 | 0.608|0.004|0.597 [0.032 0.216 |0.053| - | - |0.071]0.089| - | -
2. 2:5;23’"3'”‘““3"'3'4'”0 nadien-1o 451 |0.028| 0.402/0.084| - | - | - | - |o206 [0062| - | - |0098|0085| - | -
3. (-Isopropyl-3.4-dimethyleyclo 1 455 |6 025 | 0.508|0.026 [0.1730.076|0.704 [0.015 0.278 [0.019| - | - |o0.613[0.018] - | -
hexa-2,5-dienone
4, [-(4-Isopropylphenyl) -2-meth | 359 6 139 | 0 263{0.170| - | - |0.663]0.02100.188 |0.085| - | - | - | - -
Ipropy| acetate
5. Patchouli alcohol 0.608 |0.004 | 0.243|0.210| - - 10.314]0.060(0.207 |0.061| - - - - 10.394 |0.118
Tricyclo[4.3.0.0(7,9)]nonane,
6. >>0.8.8-hexamethyl, 0.598 [0.004 | 0.501(0.028 |0.165 | 0.085 |0.347 [0.030 |0.281{0.018 | - | - [0.110]0.053[0.443|0.087
(1.alpha.,6.beta.,7.
alpha.,9.alpha.)-
1,1,1,5,7,7,7-Heptameth yI-3,3-
7. bis(trimethylsilo xy)tetrasilo - - - - - - - - - - - - - - - -
xane
8. Bisabolene 0.546 (0.008 | - - - - 10.505]0.055(0.210 [0.059| - - - - - -
9 1,1,3,3,4-Pentamethyl-6-t-but yl-| i i i i i i i i i i i i i i i
" [2,3-dihydroindene
10. |Scopolamine-N-butyl - - - - - - - - - - - - - - - -
1-dodecanoyl-2-(11Z-eicoseno
11. yDh-glycero-3-phospho-(1'-sn- - - - - 10.235/0.040|0.550(0.043| - - - - - - - -
glycerol)
12. Napelline 0.29210.153| - - - - 10.302]0.158]| - - - - - - - -
13. [Taurodeoxycholate - - - - ]0.167]0.082]10.493]|0.059| - - - - - - - -
14. Voacamine - - - - - - - - - - - - 0.065/0.026| - -

50




15. (Ginsenoside F3 0.947 {0.000 - - 10.862|0.003(0.794 | 0.007| - - - - - -
16. |Isoschaftoside 0.309(0.131| - - 10.8290.003|0.530|0.048|0.161 (0.128 | - - - -
17. |Azadirachtin - - - - 10.198 |0.056(0.891|0.004| - - - - - -
18. [E-Resveratrol trimethyl ether - - 0.522/0.024 [0.388 | 0.013|0.494 | 0.059 {0.219 |0.050 | 0.258|0.010 | 0.133|0.019
19. Ginkgolide C 0.245(0.233 - - 10.971|0.002| - - - - - - - -
20. Quinine - - 10.693[0.005| - - - - - - - - 0.066|0.025
21. [Ergocristine - - 10.763/0.004| - - - - - - - - - -
22.Demethoxycurcumin 0.329(0.109 | 0.326|0.095|0.624 |0.004 {0.667 | 0.020| - - 0.145|0.031 - -
23. |Guan-fu base Y - - - - - - - - - - - - - -
24. |Cycloheximide - - - - - - 10.246|0.186| - - - - - -
25. |Anabasamine 0.509|0.013| - - - - - - - - - - 0.193/0.004
26. Vincamine - - - - - - - - - - - - - -
27. |Artocarpin - - 0.237|0.2220.608 {0.004 {0.613|0.029]0.157 |0.135 - - - -
28. Rauwolscine - - - - - - - - - - - - 0.187(0.014
29. |Lithocholenic Acid 0.496 [0.016 - - 10.170|0.079(0.459|0.070| - - - - 0.248]0.031
30. |Rotenone - - - - 10.2780.028(0.368|0.113| - - - - - -
31. [Silychrystin 0.282(0.168 | 0.259|0.177]0.906 |0.003 {0.759 | 0.009|0.454 |10.004 | 0.096{0.073 - -
32. [Speciosine - - 0.24210.212]0.182 |0.067 {0.293|0.089| - - - - 0.105|0.067
33. |Apiin 0.477 {0.020 - - 10.765(0.004 0.743|0.011]0.252 |0.029 - - - -
34. (Gardnerine - - - - - - - - - - - - - -
35. [Loganin 0.695 [0.002 - - 10.647|0.004(0.738|0.012| - - - - - -
36. |Apigenin glucoside arabinoside |0.366 [0.074| - - 10.837|0.003/0.510(0.054{0.207 |0.062 | - - - -
37. Linolenic acid 0.373(0.069 | 0.255|0.185|0.364 |0.015{0.804 | 0.006|0.238 |0.036 | 0.125{0.043 - -
38. [Isocorydine 0.438(0.034 | 0.295|0.126 |0.182 |0.067 |0.356 {0.119|0.181 |0.094 - - 0.100]0.081
39. Nantenine 0.303(0.139|0.234|0.231| - - - - 10.22210.048 - - - -
Phosphatidylcholine 15:0
40. 18:1(112) - - - - 10.138|0.118|0.766|0.009| - - - - - -
41. |Luteolin-8-C-glucoside 0.384 0.062| - - 10.8280.003/0.626 |0.027| - - - - - -
42. Nicotiflorin 0.583|0.005| - - 10.92410.003|0.743]|0.011| - - - - - -
43. Hydroxygardnutine - - - - - - - - - - - - 0.093/0.090
44, Phophatidylethanolamine(22:1/2| ) ) - lo16410.086l0.49310.050| - i i i i i

0:1)
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Phosphatidylethanolamine 18:0-

45, 96 - - - - 10.189|0.062|0.637|0.025| - - - - - -

46. Maritimetin-6-O-gluco- side 0.5580.006 | - - 10.7500.004 |0.566|0.039|0.348 |0.008 | - - - -

47. Quabain 0.653|0.003| - - 10.3020.023]0.642]0.024| - - - - - -

48. #4,4'-Diaponeurosporene 0.554|0.007 | 0.617|0.012|0.812 | 0.003|0.754 | 0.010|0.590 [0.003 | - - 0.093/0.025
1-(52,82,112,14Z,17Z-eicosa

49. pentaenoyl)-2-(9Z-nonadece - - - - 10.217|0.047|0.457|0.070| - - - - - -
noyl)-glycero-3-phosphoserine

50. [Isorhamnetin-3-O-rutinoside 0.54210.008| - - 10.8960.003|0.721|0.013{0.295 [0.015| - - - -

51. Paeoniflorin 0.590|0.004| - - 10.3020.023]0.578|0.036|0.232 |0.040| - - - -

52. Procyanidin B1 0.35810.081| - - 10.803]0.003]0.430)0.081|0.400|0.005|0.189|0.017| - -

53, 1,2-d|arach|donoyl_-sn—gchero—3— ) ) ) - lo17610.07310557010.038! - i i i i i
phosphoethanolamine

54 Phosphatidylcholine(14:0/18:3n6| ) ) - l0155/009710.802|0.007| - i i i i i

55. Hirsutine - - - - - - - - - - - - 0.056/0.047

56. [Taurochenodeoxycholate 0.24410.234| - - 10.160]0.091/0.540(0.046| - - - - - -
[3-hexadecoxy-2-[(9Z,11 E)-13-

57, [Iydroxyoctadeca-9,11-dien - | - | - | - |o210]00s0]0794f0007| - | - | - |- | - | -
oylloxypropyl] 2-(trimethyl
azaniumyl) ethyl phosphate

58. |Alpha-Hederin - - - - 10.575|0.005{0.839|0.005{0.168 |0.115| - - - -
Soyasapogenol B base + O- ) ) i i i i i i

59. DDMP, O-HexA-HexA 0.430|0.037 0.567|0.005 |0.686 | 0.018

60. [Taurocholic acid - - - - 10.161)0.090/0.540|0.046| - - - - - -

61. [3-ox0-C8-homoserine lac tone - - - - - - 10.281|0.110|0.172|0.108| - - - -
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2.5. DISCUSSIONS

Individuals come into contact with phytochemicals daily, mostly via the food they
consume. Knowledge of different dietary phytochemicals is necessary to understand
possible toxicological issues due to the limited amount of research on the chronic
toxicity of this group of chemicals. Therefore, it would be beneficial to have
dependable approaches for assessing the hazards linked to these substances in order to
ascertain their level of safety. The aim of the present study was to assess the suitability
of utilising in silico QSAR-based tools (Toxtree, TEST, VEGA HUB, PASS, and
OECD QSAR), employed by the US FDA and EPA, for predicting the toxicity of
phytocompounds found in PTME across different endpoints (LDso, LCso, and 1GCso,
bioconcentration factor, mutagenicity, developmental toxicity, oral toxicity,
reproductive toxicity, carcinogenicity, repeated dose toxicity , NOAEL, Cyt-P450
metabolism, Lipinski rule oasis, and biological activity prediction). There a very little
knowledge about the toxicity of Parkia timoriana. Hence, assessing their toxicity
might provide valuable information on the potential utilisation of the phytocompounds

and their future uses in several innovative fields.
2.5.1. GC-MS and LC-MS analyses

The GC-MS analysis from previous study revealed the occurrence of forty-nine
bioactive compounds of P. timoriana that are known to possess a variety of
pharmacological activities (Ralte et al., 2022). However, in the present study only
nine bioactive compounds were identified through GC-MS analysis and fifty-two
bioactive compounds were identified through LC-MS analysis. The phytocompounds
present in the methanolic extract of P. timoriana seed pod were mostly composed of
flavonoids, alkaloids, and terpenoids. Similar bioactive compounds, including
apigenin, isorhamnetin, and luteolin were identified in some previous studies on Parkia
spp. (Kamishah et al., 2017; Loukrakpam et al., 2019). The variance in chemical
composition may be attributed to species-specific differences in phytochemical
substances or the difference may also be attributed to the method of extraction. It has
been proposed that the chemical composition of plants exhibits considerable

variability, even within the same species (Koutsoukis et al., 2019).
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2.5.2. Total flavonoid and phenol content

The primary reason for the antioxidative efficacy of natural sources is the presence of
phenolic and flavonoid components. Polyphenolic compounds have garnered
significant interest due to their advantageous physiological function, which includes
acting as antioxidants, antimutagenic agents, and combating illnesses induced by
oxidative stress (Bacci et al., 2021; Del Rio, 2013). Phenolic chemicals are crucial
components of plants owing to their scavenging activity, which is attributed to their
hydroxyl groups (Tosun et al., 2009). Flavonoids are a diverse set of chemicals that
are found everywhere and have antioxidant properties (Havsteen, 1983). Their flat
arrangement, quantity, and arrangement of their hydroxyl groups, together with the
existence of the C2-C3 double bond, play a crucial role in metal chelation, the capacity
to scavenge free radicals, and the inhibition of enzymes that produce free radicals
(Sharififar et al., 2008). In the present study, a high content of total flavonoid and
total phenol was found to be present in the methanolic extract of P. timoriana seed
pods. The biological activities, including antioxidant, antibacterial, antidiabetic, anti-
proliferative, and insecticidal activities, of this plant may be attributed to its high

content of polyphenolic compounds.
2.5.3. Acute toxicity prediction for different species

Prediction utilising QSAR techniques may significantly improve the accuracy of
evaluating the toxicity of natural phytocompounds. The QSAR application specifies
the structural, physicochemical, or biological characteristics of the phytocompound
(Wu and Wang, 2018). The predicted toxicity of phytocompounds from PTME was
detected in four distinct hierarchy for LDso (rat), LCso (fathead minnow), LCso
(Daphnia magna), and 1GC50 (Tetrahymena pyriformis) which are as follows: a)
fathead minnow > 7. pyriformis > D. magna > rat (20 compounds), b) fathead minnow
> D. magna > T. pyriformis > rat (19 compounds), c) D. magna > fathead minnow >
T. pyriformis > rat (15 compounds), and d) 7. pyriformis > fathead minnow > D. magna
> rat (2 compounds). The phytocompounds showed a lesser toxicity for mammalian
species (rat/LDso) when compared to aquatic organisms (LCso/fathead minnow and D.

magna, 1GCso/ T. pyriformis).
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2.5.4. Bioconcentration factor prediction

The phenomenon in which a chemical aggregate in organisms due to its presence in
the environment is known as the bioconcentration factor. The bioaccumulation factor
quantifies the ratio of a chemical's concentration in fish to that in water after
equilibrium has been reached following absorption via the respiratory surface. A
chemical is classified as bio-accumulative if its bioconcentration factor exceeds 2000,
and it is regarded as highly bio-accumulative if its BCF exceeds 5000 (Burden et al.,
2014). The phytocompounds found in PTME, except 1,1,3,3,4-pentamethyl-6-t-butyl-
2,3-dihydroindene), and tricyclo[4.3.0.0(7,9)] nonane,2,2,5,5,8,8-hexamethyl-
,(1.alpha.,6.beta., 7.alpha.,9.alpha.), had their value of bioconcentration factor under

2000, therefore considered non-bioaccumulative.
2.5.5. Developmental toxicity

Out of the sixty-one phytocompounds, the majority of it (forty-six) with a score
ranging from 0.53 to 1.38 were deemed dangerous for the developmental stage. The
phytocompounds, including procyanidin B1, ergocristine hydroxygardnutine, and
lithocholenic acid, had scores greater than 1 out of the forty-six toxicants in the
research. The phytocompounds that are safe for the developmental stage include
apigenin glucoside arabinoside, isoschaftoside, maritimetin-6-O-glucoside, apiin, 3-
0x0-C8-homoserine lactone, and ouabain. The low efficacy of in silico approaches
may be partially ascribed to the multitude and heterogeneous nature of the systems that
govern developmental toxicity, which are inherently understood very poorly

(Cendoya et al., 2020).
2.5.6. Mutagenicity and carcinogenicity

The preclinical stages of drug discovery may aid in the creation of safe therapeutic
substances by identifying mutagenicity at an initial stage and averting the
manufacturing of potentially hazardous drugs. Different in silico prediction tools use
structural warnings to make precise predictions about the mutagenicity of compounds
(Mostrag-Szlichtyng et al., 2010). The majority of the phytocompounds (fifty-one
out of sixty-one) from PTME showed negative carcinogenic and mutagenic properties.

This indicates that the phytocompounds have potential for investigation in several
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disciplines. However, it was predicted that taurodeoxycholate, 1H-purin-6-amine,N-
((3-fluorophenyl)methyl), anabasamine, E-resveratrol trimethyl ether, nantenine,
gardnerine, procyanidin B1, taurocholic acid, taurochenodeoxycholate, and luteolin-
8-C-glucoside showed potential mutagens with a score > 0.5 for mutagenicity. The
phytocompounds, including  1H-purin-6-amine,N-((3-fluorophenyl) = methyl),
scopolamine-N-butyl, 4-isopropyl-3,4-dimethylcyclohexa-2,5-dienone, speciosine,
azadirachtin, nantenine, isocorydine, soyasapogenol B base + O-DDMP,0O-HexA-
HexA, isorhamnetin-3-O-rutinoside, and hydroxyl gardnutine were identified as

potent carcinogens.
2.5.7. Oral toxicity, reproductive toxicity, and NOAEL

The oral toxicity test showed that forty-six phytocompounds (75% of the total
phytocompounds from PTME) were predicted to be highly toxic, which falls under
category III of Cramer’s classification. These phytocompounds were proven to cause
toxicity. Based on the findings of the predicted toxicity for reproduction, it was
determined that 64% of the phytocompounds (thirty-nine out of sixty-one
phytocompounds) did not have any adverse effects on the fertility of males and females
or on reproduction. The No Observed Adverse Effect Level (NOAEL) is a measure of
the toxicity caused by repeated doses. The predicted value obtained from the
Acceptable Daily Intake (ADI) was used to get the predicted values for the No
Observed Effect Level (NOEL). The acceptable concentration of the chemical
compound in relation to its long-term toxicity is thus defined by this specific outcome
(Pizzo et al., 2022). 37.70% of the phytocompounds (twenty-three out of sixty-one)
showed high NOAEL values, indicating their safety and absence of negative toxic
effects. Conversely, the other phytocompounds (62.29%) were determined to be toxic

and had positive side effects.
2.5.8. Repeated dose toxicity, Lipinski rule, and cytochrome p450 metabolism

The Hazard Evaluation Assist System (HESS) was developed as a tool to aid in
predicting toxicity using a category technique in relation to repeated-dose. It provides

information on the toxicity, metabolism, and possible processes of analogue
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pharmaceuticals. The toxicity database contains the NOAELSs, chemical information,

administration duration, purity of the investigated products, and over 400 test results.

The repeated dose toxicity analysis of the phytocompounds found in PTME (of the
total components) showed that 78.68% (forty-eight out of sixty-one) are safe and do
not cause any damage to organs. Based on analysis of Lipinski rule and cytochrome
p450 metabolism, a considerable amount of phytocompounds were shown to be
bioavailable, metabolised by the cytochrome P450 enzyme complex, and excreted

from the body, which is an important characteristic of a drug candidate.
2.5.9. Biological activity prediction

The PASS programme was implemented for biological activity prediction, with the
aim of expediting the process of identifying potent natural chemicals, mainly for
treating Alzheimer’s disease. PASS techniques for prediction were created using a total
0f20,000 primary compounds. The prediction's result is presented as a list of potential
biological activities, accompanied by the appropriate Pa and Pi ratios (Khan et al.,
2017). The phytocompounds were studied for the following biological activities:
dementia treatment, cytochrome P450 stimulant, anti-oxidant, anti-inflammatory,
neurotrophic factor enhancer, amyloid-f aggregation inhibitor, acetylcholine
stimulant, Alzheimer disease treatment, and neurodegenerative disease treatment. The
majority of the phytocompounds possess anti-inflammatory, and antioxidant activities;
therefore, the plant is expected to fight against oxidative and inflammatory reactions.
Twenty-three phytocompounds had neurotrophic factor enhancer activity, therefore
this could help in the development and survival of neurons, as well as the ability of
synapses to change and strengthen over time in the central nervous system (Di Carlo
et al., 2019). Seventeen phytocompounds can be metabolised by the cytochrome p450
enzyme complex, which is important for detoxifying xenobiotics, metabolism, and
maintaining homeostasis (Manikandan and Nagini, 2018). Inhibiting the formation
of AP (amyloid ) is a crucial therapeutic target in AD’s treatment. The current study
identified five phytocompounds as potent inhibitor of amyloid-p aggregation (Lee et
al., 2017). Two  phytocompounds, namely Patchouli alcohol, and
Tricyclo[4.3.0.0(7,9)]nonane, 2,2,5,5,8,8-hexamet hyl-, (1.alpha.,6.beta.,7. alpha.,9.alpha.)-
showed potential Alzheimer’s disease treatment. A similar finding showed that
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patchouli alcohol improves cognitive impairments in TgCRNDS8 mice. Proposing that
patchouli alcohol showed promise as a potential pharmacological therapy for AD and

should be further developed (Xu et al., 2023).

2.6. KEY FINDINGS

e In the present study, nine bioactive compounds were identified through GC-
MS analysis and fifty-two bioactive compounds were identified through LC-
MS analysis. The phytocompounds present in the methanolic extract of P
timoriana seed pod were mostly composed of flavonoids, alkaloids, and
terpenoids.

e The methanolic extract of P. timoriana seed pods has a total phenol
concentration of 421.64 + 3.38 mg GAE/g of extract and a total flavonoid
concentration was measured to be 280.893 + 4.31 mg QE/g of extract.

e The predicted acute toxicity of phytocompounds from PTME showed four
distinct hierarchies. a) fathead minnow > T. pyriformis > D. magna > rat; b)
fathead minnow > D. magna > T. pyriformis > rat; c¢) D. magna > fathead
minnow > 7. pyriformis > rat; and d) T. pyriformis > fathead minnow > D.
magna > rat.

e The acute toxicity prediction revealed that phytocompounds from PTME had
less toxicity for mammalian species (rat/LDso) compared to aquatic organisms
(LCso/fathead minnow and D. magna, IGCso/T. pyriformis).

e All of the phytocompounds found in PTME, except two, had a
bioconcentration factor under 2000 and were therefore considered non-
bioaccumulative.

e Forty-six out of sixty-one phytocompounds from PTME were considered toxic
for the developmental stage, whereas apigenin glucoside arabinoside,
isoschaftoside, maritimetin-6-O-glucoside, apiin, 3-oxo-C8-homoserine
lactone, and ouabain were safe alternatives.

e The majority of the phytocompounds (fifty-one out of sixty-one) from PTME

showed negative carcinogenic and mutagenic properties.
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The oral toxicity test revealed that 75% of the phytocompounds are highly toxic
(Cramer/category III), while 64% do not affect fertility or possess reproductive
toxicity.

The study found that 37.70% of phytocompounds had a high NOAEL value,
which indicated their safety and did not cause negative effects, while the
remaining phytocompounds (62.29%) were toxic and had positive side effects.
The repeated dose toxicity analysis of the phytocompounds showed forty-eight
out of sixty-one are safe and do not cause any damage to organs, with a
significant number of phytocompounds showing bioavailability, metabolized
by cytochrome-P450 enzyme complex, and excreted from the body.

The phytocompounds studied have properties for dementia treatment (thirty-
one  phytocompounds), cytochrome P450 stimulant (seventeen
phytocompounds), anti-oxidant (forty-one phytocompounds), anti-
inflammatory (forty-five phytocompounds), neurotrophic factor enhancer
(twenty-three phytocompounds), amyloid-f aggregation inhibitor (five
phytocompounds), acetylcholine stimulant (fifteen phytocompounds), and

Alzheimer disease treatment (two phytocompounds).
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CHAPTER-3
3.1. INTRODUCTION
3.1.1. B-site APP cleaving enzyme 1 (BACE1)

Beta-secretase 1 (BACEI, or beta-site amyloid precursor protein cleaving enzyme 1)
was first identified in 1999. BACEI is a newly discovered 501 amino acid enzyme that
belongs to the type 1 transmembrane aspartic acid protease family. It has the
characteristics of this protein family, with its active site having two aspartic acid
residues. Primarily, BACE] is expressed in the brain and throughout the early phases
of postnatal development in the pancreas. Expression levels in other tissues are
minimal. Neurons exhibit a rapid and intense expression of BACEI, particularly at the
terminals where they communicate with other neurons. The amyloid-beta (A) peptide
is formed from the APP (amyloid precursor protein) by a sequence of proteolytic
cleavages and subsequent post-translational modifications, resulting in the generation
of amyloid plaque (Hardy and Selkoe, 2002). BACE] is responsible for the crucial,
or first, cleavage of APP at the P site. This cleavage is then followed by a series of
processing events inside the cell membrane at various places by y-secretase, resulting
in the production of AP. Genetic polymorphisms that cause variances in amino acids
at the B-cleavage region of APP lead to changes in BACE1 activity towards the APP
substrate. These variations are linked to either early onset FAD (familial Alzheimer’s
disease) or protection against the illness, depending on the specific variation (Koelsch,

2017).

The cleavage of APP by BACEI leads to a diversion from the normal non-
amyloidogenic route, which is controlled by a secretase. This diversion results in the
production of two peptides: APPsf (soluble ectodomain) and C99 (membrane-bound
C terminus). y-secretase further processes the C99 to produce AB40 and AP42 (Golde
et al., 2000; Suh and Checler, 2002). AB42 is highly neurotoxic and is synthesised to
generate the senile plaques, which are the pathological characteristics of Alzheimer's
disease (Sanchez-Varo et al., 2012). According to the amyloid cascade hypothesis,
the buildup of AB42 is a subsequent occurrence in AD. It occurs before and probably

plays arole in triggering the excessive phosphorylation of tau, leading to the formation
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of intracellular NFTs (neurofibrillary tangles). The presence of this secondary
pathology, together with the buildup of AP, plays a role in a series of abnormal
processes that result in the death of brain synapses and neurons (Cervellati et al.,

2021).

Because of this factor, BACE1 has been extensively researched in relation to brain
amyloidogenesis and has been shown to have a direct role in the generation of Af
based on evidence from several mice knockout models. Pharmacological interventions
have been used to target BACEI, resulting in the invention and testing of several
inhibitory drugs. These compounds have effectively reduced the levels of A in human
subjects (Park, 2010; Hampel et al., 2021). The BACEI level was discovered to be
greatest in the postnatal brain of mice and in extracts from the brains of humans with
AD. In both AD animal models and AD brains, there was a significant buildup of
BACEI] in neuritic dystrophies around AP plaques. This accumulation is presumably
due to a post-translational process. Inducing autophagy in mutated human neurons
increases the accumulation of BACE] in distant axons via autophagy, resulting in

improved B-cleavage of APP (Hampel et al., 2021).
3.1.2. Acetylcholinesterase (AChE)

AChE plays a crucial role as an enzyme in the cholinergic nerve system. Throughout
the course of Alzheimer's disease, several kinds of neurons deteriorate. There is a
significant loss of cholinergic neurons in the brain of AD, which is followed by a
gradual decrease in acetylcholine (Garcia-Ayllon et al., 2011). In the brain tissue of
people with AD, the enzyme acetylcholinesterase (AChE) is more prevalent than
butyrylcholinesterase (BuChE). This abundance of AChE leads to the breakdown of
acetylcholine (ACh) in the cerebral cortex and hippocampus (Nordberg et al., 2013).
Currently, the improvement of cholinergic neurons remains a primary strategy in the
symptomatic management of cognitive and behavioural symptoms in individuals with
mild and moderate stages of AD. As part of this treatment approach, many substances
were used which enhances the release of ACh in the hippocampus (Lista et al., 2023;

Nordberg et al., 2013).
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Cholinesterase inhibitors (ChE-Is) limit the breakdown of the neurotransmitter by
raising the levels of ACh in the brain. This action improves the impaired
neurotransmission of cholinergic neurons. ChE-Is were the first pharmaceuticals
approved in both the United States and Europe for the explicit purpose of
symptomatically treating AD (Giacobini, 1998). Four cholinesterase inhibitors: a)
tacrine (Watkins et al., 1994); b) donepezil (Sugimoto et al., 2002); c) rivastigmine
(Grossberg and Desai, 2003); and d) galantamine (Amenta et al., 2001) have been
approved for the treatment of AD to manage the primary symptoms of memory loss

and cognitive decline.
3.1.3. Molecular docking

Docking is essential in lead optimisation for conducting virtual screening on extensive
chemical libraries, evaluating the outcomes, and generating structural hypotheses on
how the ligands bind and inhibit the activity of the target (Morris and Lim-Wilby,
2008). Molecular docking is a commonly used technique in structure-based drug
design (SBDD) because of its high accuracy in predicting the arrangement of ligands
inside the protein binding site (Meng et al., 2011). In the 1980s, the algorithm was
first created, and since then, molecular docking has emerged as a crucial tool in the
field of drug discovery. In addition, the algorithms do precise calculations of binding
energetics, ranking docked molecules according to the binding affinity of receptor-

ligand complexes (Lopez-Vallejo et al., 2011; Huang and Zou, 2010).

It takes two processes to find the most probable binding conformations: first, exploring
a broad conformational space that represents several possible binding modes; and
second, accurately predicting the binding conformations and their related interaction
energies (Kapetanovic, 2008). Molecular docking programmes use a cyclical method
to analyse the configuration of the ligand using specified scoring functions. This
method is iteratively performed until reaching a solution with the lowest possible
energy (Yuriev et al., 2011; Huang and Zou, 2010). Furthermore, a hydrogen bonding
interaction is established between the protein’s active site and the ligand to identify
crucial residues and confine the ligand inside the pocket, restricting its mobility within

the active site (Ul Haq et al., 2017).
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3.1.4. Molecular dynamics simulation

Molecular dynamics (MD) simulation is used to investigate the dynamic aspects of the
receptor-ligand complex in a real-life setting (Amber et al., 1981). MD simulation is
very beneficial in comprehending the dynamic behaviour of proteins at different time
scales, including rapid internal movements, slow structural alterations, and even the
protein folding processes (Snow et al., 2005). noted that MD simulations have several
applications, including protein structure optimisation before docking, preparing the
receptor for protein flexibility, accounting for solvent effects, improving the fit of
docked complexes, and calculating binding free energies to rank potential ligands

accurately (Alonso et al., 2006).

MD simulations are widely used in computer-assisted drug development due to their
ability to anticipate receptor-ligand molecular interactions. These simulations enable
the rapid identification of potential novel drug candidates. These methods improve wet
lab studies and reduce the cost of drug discovery by providing a well-informed list of

candidates for testing (Hollingsworth et al., 2022; Wu et al., 2018).
3.1.5. Binding free energy

The combination of molecular mechanics (MM) energies with the PBSA (Poisson—
Boltzmann surface area) or GBSA (generalised born surface area) continuum solvation
techniques is widely used to quantify the free energy of small molecules binding to
macromolecules. These approaches usually rely on MD simulations of the protein-
ligand complex. As a result, they provide a balance between accuracy and computing
effort, falling between experimental scoring and strict alchemical perturbation
methods. They have been implemented in several systems with varied degrees of
effectiveness (Shirts et al., 2007; Homeyer et al., 2014). The MM-PBSA approach
accurately calculates the binding free energy of a protein-ligand complex by
subtracting the free energies of the unbound receptor and ligand from the free energy

of the complex (Tuccinardi, 2009).
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3.1.6. ADMET properties

Absorption, distribution, metabolism, excretion, and toxicity (ADMET) of a chemical
play a crucial role in the creation of novel pharmaceuticals. Specifically, an ideal
medicine should be administered effectively, transported efficiently to different tissues
and organs, metabolised in a manner that does not instantly diminish its effectiveness,
removed correctly, and shown to be non-toxic (Hodgson, 2001). Traditionally, the
evaluation of the ADMET qualities of a potential drug was often conducted after the
determination of its effectiveness against a particular target (Selick et al., 2002). The
predicted impact of ADMET inadequacies on attrition in drug discovery was as high
as 50% in the 1990s (Kola and Landis, 2004). This served as a reminder of the
significance of ADMET assessment in the transition from chemicals to pharmaceutical
medications. Currently, the efficacy and pharmacokinetic properties of molecules are
often assessed simultaneously, allowing for the early elimination of unwanted
compounds throughout the drug discovery process (Waring et al., 2015). The primary
reason for the lack of success of bioactive compounds as potential new drugs even in
current years has been frequently ascribed to their ADME properties. Estimating
pharmacokinetic characteristics during the early phases of drug development is crucial
for effectively directing hit-to-lead and lead optimisation activities (Ferreira and

Andricopulo, 2019).

Due to the ongoing collection of experimental ADMET data, several in silico tools
have been created to aid in the efficient assessment of ADMET. Specifically, they may
aid medicinal chemists in two ways: 1) by eliminating unwanted compounds during
the drug design phase; 2) by providing prompt responses on ADMET data for lead
optimisation (Xiong et al., 2021).

In 1997, Lipinski and colleagues introduced the "Rule of Five," which states that if a
molecule fails to meet two or more of the following criteria, it is unlikely to be orally
active: a) amolecular weight of 500 or greater; b) an octanol/water partition coefficient
of 5 or greater; c) five or more hydrogen bond donors; and d) ten or more hydrogen

bond acceptors. These criteria are widely recognised as the original and most
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prominent rule-based filters for assessing the drug-likeness and oral absorption

potential of a chemical (Guan et al., 2018).
3.1.7. In silico tools

Utilising in silico research is the optimal approach for initiating pharmacological target
development. Traditional methods are insufficient for the timely discovery of drug
targets. Attaining majority aims using considerably rapid methods is challenging.
Computational methods, such as molecular docking, MD simulations, and MM/PBSA
computations, are significantly contributing to the field of drug discovery (Hou et al.,

2011; Keretsu et al., 2021).
3.1.7.1. Molinspiration Cheminformatics

Molinspiration provides a wide array of cheminformatics software tools that assist in
the modification and processing of molecules. This programme utilises advanced
algorithms to forecast the bioactivity and compute the molecular characteristics of
chemical substances. This tool is used for the computation of molecular
physicochemical parameters that are pertinent to drug design and QSAR. These
properties include log P, PSA (molecule polar surface area), and the rule of 5
descriptors. The "Predict Bioactivity" option helps calculate the bioactivity score and
drug-likeness properties, including GPCR ligands, ion channel modulators, kinase
inhibitors, and nuclear receptor ligands (Molinspiration Cheminformatics,

https://www.molinspiration.com).

3.1.7.2. SwissADME

This technique is used to forecast ADME characteristics for one or more small
molecules. Its purpose is to assist in drug development. This tool provides the two-
dimensional structure of the substance as well as its physiochemical characteristics,
such as lipophilicity, pharmokinetics, water solubility, medicinal chemistry, and
druglikeness. The required input for this tool is the conventional simplified molecular
input line entry system (SMILES) representation of compounds. The SwissADME

online tool, available at http://www.swissadme.ch, allows users to easily submit and
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analyse findings. It is designed to be user-friendly and accessible to both experts and

non-experts in computer-aided drug design (CADD) (Daina et al., 2017).
3.1.7.3. PyRx and AutoDock Vina

PyRx (Python prescription) is a programme used for virtual screening in computational
drug development. This may be used to evaluate collections of chemical compounds
for their propensity to interact with certain therapeutic targets. PyRx enables medicinal
chemists to do virtual screening on any platform and provides assistance throughout
the whole process, including data preparation, job submission, and result analysis.
PyRx has a docking wizard with a user-friendly interface, making it a powerful tool
for computer-assisted drug development. PyRx utilises the AutoDock Vina function
for the purpose of molecular docking. AutoDock Vina is a recently developed software
platform used for molecular docking. Vina employs a powerful gradient optimisation
technique in its local optimisation process. This approach successfully determines the
gradient, providing the optimisation algorithm with a clear direction based on a single

assessment (Trott and Olson, 2010).
3.1.7.4. GROMACS

GROMACS (GROningen MAchine for Chemical Simulations) is a molecular
dynamics platform specifically developed for conducting simulations of proteins,
lipids, and nucleic acids. The software was first created inside the Biophysical
Chemistry department at the University of Groningen. Currently, it is sustained by
sponsors from many institutions and research institutes throughout the globe.
GROMACS operates using a command-line interface and has the capability to use files
for both input and output. The system offers feedback on the progress of calculations
and gives expected time of arrival (ETA) information. The software is a tool for
visualising trajectories and includes a comprehensive collection of methods for

analysing trajectory data (Abraham et al., 2015; Berendsen et al., 1995).
3.1.7.5. MM/PBSA

The MM-PBSA method, which calculates binding free energies, has been widely used

in the examination of biomolecular interactions. Recently, this technique has also been
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used as a scoring function in the domain of computational drug discovery. g mmpbsa
was developed as a constituent of the OSDD (Open-Source Drug Discovery) effort.
The goal is to integrate high-throughput molecular dynamics (MD) simulations with
the calculation of binding energy. The programme provides options for choosing
alternate atomic radii and other nonpolar solvation models. These models include those
that are derived from SASA (solvent accessible surface area), SAV (solvent accessible
volume), and a model that integrates both repulsive (SASA-SAV) and attractive

components (Kumari et al., 2014).
3.2. REVIEW OF LITERATURE
3.2.1. Molecular docking

Choi et al. (2016) assessed the efficacy of certain ginsenosides in combating
Alzheimer's disease by examining their ability to scavenge peroxynitrite and inhibit
activity and by conducting molecular docking analysis to estimate their binding
energies with BACEL. In vitro experiments conducted in a laboratory setting showed
that ginsenosides had a notable ability to block the enzymes AChE, BChE, and
BACE], as well as the synthesis of ONOO- and nitrotyrosine. Furthermore, molecular
docking analyses demonstrated the ability of ginsenosides, particularly Rb1 and Rb2,
to inhibit the activity of BACEI1. These compounds displayed strong binding affinities
for BACE], as shown by a docking result of -10 kcal/mol. Rgl and Rb1 are the primary
bioactive compounds found in ginseng that have been scientifically proven to prevent
Alzheimer's disease by inhibiting the buildup of amyloid beta (Xie et al., 2010; Chen
et al., 2006). The results of this research indicate that ginsenosides have the potential
to be used in the creation of treatments or preventative measures for Alzheimer's

disease.

Youn et al. (2018) investigated the probability of isoflavones (genistein, formononetin,
glycitein, daidzein, and puerarin) as potential inhibitors of BACE1 using molecular
docking analysis and in vitro experiments. Genistein effectively inhibited BACE] via
a reversible non-competitive interaction, whereas the other isoflavones showed lower
potency against BACEI. The docking investigation demonstrated that genistein had a

strong binding affinity of -8.5 kcal/mol and was securely located inside the allosteric
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regions of the BACEI receptor. Through hydrogen bonding, it formed interactions
with crucial amino acid residues in BACEI, including ASN37, TRP76, and GLN73.
Similar findings also showed Genistein cell death suppression activity produced by A
in many neural cell lines, including C6, SHSY5Y, and human neuroblastoma cell lines.
Furthermore, genistein also mitigated neuronal programmed cell death caused by A3
in rodents (Vallés et al., 2008; Ma et al., 2015; Bagheri et al., 2011). Therefore, the
findings indicated that genistein might potentially be advantageous in the prevention
and/or treatment of AD. Moreover, it might provide valuable recommendations for the

development of novel BACEI inhibitors.

Ralte et al. (2022) analysed the phytochemicals of the underutilised plant Parkia
timoriana using GC-MS analysis and investigated the potential anti-cancerous and
anti-inflammatory compounds of the plant using molecular docking techniques. The
GC-MS analysis detected the presence of 49 bioactive chemicals that are recognised
for their diverse pharmacological actions. Following that, computational molecular
docking investigations were conducted on the discovered compounds, which indicated
potential anticancer and anti-inflammatory characteristics. This study provides a
firsthand account of the bioactive chemicals found in extracts of the edible portions of
P timoriana. These compounds have significant antioxidant, antibacterial, and
pharmacological properties. This work has the potential to facilitate the development
of novel herbal remedies for a range of disorders using P. timoriana, and maybe

contribute to the formulation of innovative drugs (Ralte et al., 2022).

Farihi et al. (2023) investigated the therapeutic capabilities of medicinal herbs and
conducted molecular docking analysis to identify compounds that might potentially
inhibit human AChE for the treatment of AD. This study systematically explored
phytochemicals such as gedunin, curcumin, nobiletin, quercetin, fisetin, resveratrol,
and berberine to investigate their potential as AChE inhibitors. A variety of
bioinformatics tools were used to analyse molecular docking, ADMET properties, and
compliance with Lipinski's rule of five. The results clearly highlighted the strong
affinity of all phytochemicals for particular residues in AChE. Surprisingly, gedunin
had a higher level of attraction (-8.7 kcal/mol) in comparison to the usual reference.

These results highlight the possibility of these phytochemicals as suitable candidates
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for oral medicine in the treatment of Alzheimer's disease. Both resveratrol and
berberine have shown the ability to cross the blood-brain barrier (BBB), indicating
their potential for targeting the CNS (central nervous system). Successfully addressing
the obstacles presented by the blood-brain barrier (BBB) is crucial for the advancement
of efficient central nervous system (CNS) medications. The capacity of the chosen
compounds to penetrate the BBB is significant in the treatment of AD (Pardridge,
2009). Therefore, these seven compounds are deemed suitable for oral administration
as drugs, with the potential to exceed the effectiveness of the traditional medicine,

donepezil, in treating neurodegenerative illnesses.

A study on identifying potential cholinesterase inhibitors from phytocompounds of the
apple for the treatment of AD was conducted using molecular docking by Jamal et al.
(2023). The findings of the molecular docking analysis indicated that epicatechin
gallate (-12.2 kcal/mol) had the most favourable interactions with AChE. Significantly,
it was noted that the amino acid Trp286 of AChE played a role in the formation of
hydrogen bonds, Van Der Waals contacts, and hydrophobic interactions in the
examined complexes. Furthermore, the findings of the MD simulation investigation

demonstrated the presence of stable interactions.
3.2.2. Molecular dynamics simulation and MM/PBSA analyses

Kumar et al. (2019) investigated the potential BACEl and GSK-3f inhibitors of
additional naphthofuran derivatives using molecular docking, MD simulation, and free
energy analysis. In the docking result, NS7 and NS9 exhibited superior binding affinity
in comparison to previously documented inhibitors. The hydrogen bond interactions
of NS7 and NS9 demonstrated strong contact with BACEI through residues GIn73
and Thr72, as well as GSK-3 through Argl41 and Thr138 residues. The analysis of
MM-PBSA and energy breakdown per residue provided distinct components of
binding energy and a relative assessment of the significance of amino acids in the
binding process. The findings indicated that the binding was mostly influenced by
hydrophobic interactions, implying that hydrophobic interactions might be crucial in

developing inhibitors that simultaneously inhibit BACE1 and GSK-3f. The findings

69



indicated that naphthofuran derivatives have the potential to function as a dual

inhibitor targeting both BACE-1 and GSK-3p.

Ghosh et al. (2021) have determined the binding attractions and binding mechanisms
of various polyphenols towards Mrpo using Autodock Vina for molecular docking,
GROMACS for MD simulation, and MM/GBSA for binding free energy calculations.
The polyphenols demonstrate strong binding affinity towards Mpro, ranging from -7.1
to -9.0 kcal/mol. However, only epicatechin gallate, epigallocatechin gallate, and
gallocatechin-3-gallate, exhibit substantial interactions with one or both His41 and
Cys145 (catalytic residues) of Mpro. The molecular dynamics simulations, lasting 100
nanoseconds, demonstrate that these three protein-ligand complexes are very stable,
exhibit minimal conformational variations, and possess a comparable level of
compactness. The stability of these three Mpro-ligand complexes is confirmed by
estimating the high number of H-bonds and conducting MM-GBSA examination. Both
MM/PBSA and MM/GBSA approaches are equally effective in predicting the accurate
binding free energies (Venugopal et al., 2020; Chen et al., 2015). Furthermore, the
pharmacokinetic research indicated that these polyphenols have desirable drug-like
properties. In summary, our investigation demonstrates that these three polyphenols
have the ability to act as inhibitors against Mpro and might be interesting options for

the therapy of COVID-19.

Ahmad et al. (2023) evaluated the pharmacological properties of Nyctanthes arbor-
tristis to confirm its traditional medicinal use for treating numerous diseases. This
study assessed the anti-inflammatory properties of twenty-six phytocompounds by
using AutoDock tool for molecular docking, GROMACS programme for MD
simulation, MM/PBSA analysis for free energy calculations and SwissADME assessed
the ADME characteristics. Arb-E and B-sito, which are natural chemicals derived from
the plant, exhibited notable binding affinity towards a variety of inflammatory
markers. The control medicine celecoxib had a binding energy of -9.29 kcal/mol.
Among the phytocompounds examined, Arb-E had the highest significance with a
binding affinity of -10.26 kcal/mol. The B-sito compound exhibited a significant
binding affinity of -8.86 kcal/mol when interacting with the COX-2 receptor. The
COX-2 MD simulation, conducted with both Arb-E and the control medication

70



celecoxib, had a root mean square deviation ranging from 0.15-0.25 nm. This indicates
that the MD simulation remained stable throughout its duration. Furthermore, the MM-
PBSA study revealed that the binding energy of COX-2-Arb E complex was the most
favourable (-277.602 kJ/mol). Arb-E and p-sito exhibited noteworthy ADME
physicochemical properties and druglikeness features, resulting in considerable drug-
like properties. Hence, this in silico study revealed the anti-inflammatory properties of
these phytocompounds and may be tested in vitro/in vivo experiments to create

innovative anti-inflammatory medications.
3.3. MATERIALS AND METHODS
3.3.1. Retrieval of ligand and its preparation

A total of sixty-one phytocompounds, obtained from the methanolic extract of Parkia
timoriana seed pods using LC-MS and GC-MS analyses, were subjected to molecular
docking analysis against BACE1 and AChE protein receptors (Table 6; Figure 6, 7).
The 2D and 3D structures of each ligand were obtained from the NCBI (National
Centre for Biotechnology Information) PubChem

(https://pubchem.ncbi.nlm.nih.gov/). The 3D structures were saved in sdf (structure-

data file) format, and the phytocompounds whose 3D structure were not available in
PubChem were drawn using Chemdraw software (ChemBioOffice 2010). The PyRx
0.8 programme was used to import ligands via the Open Babel plug-in tool. In order
to achieve a stable arrangement of the ligands, they underwent energy reduction using
the UFF (universal force field) energy minimization parameter, in combination with
the conjugate gradient descent optimisation technique. Prior to conducting molecular
docking, the ligands were transformed into pdbqt (protein data bank, partial charge,
and atom type) forms (Dallakyan and Olson, 2015).

3.3.2. ADMET

The canonical Simplified Molecular Input Line Entry System (SMILES) format of the
sixty-one compounds found in PTME was obtained from PubChem and used as inputs
for the ADMET webservers. The determination of physicochemical and molecular
characteristics was conducted using the Molinspiration Cheminformatics Software

(http://www.molinspiration.com) (Kolodziejczyk-Czepas et al., 2018). The ADMET
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properties, including water solubility, lipophilicity, and pharmacokinetic bioactivity
score, as well as the pharmacokinetics, medicinal chemistry, drug likeness, and
bioavailability score of the ligands, were assessed using the SwissADME server

(http://www.swissadme.ch/) (Daina et al., 2017).

3.3.3. Retrieval of protein and its preparation

The 3D structures of BACE1 (PDB ID: 513V) and AChE (PDB ID: 7E3D) were
obtained from the PDB (Protein Data Bank) under RCSB (Research Collaboratory for
Structural Bioinformatics). The resolution of the BACET1 structure is 1.62 A, while the
resolution of the AChE structure is 2.5 A. The BACE1 and AChE receptors' structures
were constructed prior to docking using UCSF Chimera 1.15 (Figure 8A and 9A)
(Pettersen et al., 2004). The ligand, solvent, and metal ions that were co-crystallised
with the protein receptors were eliminated. Structures have been modified by
introducing polar hydrogen atoms and partial charges. The shortened side chains were
restored, and gasteiger charges were added to the protein receptors using the integrated

dock prep programme (Opo et al., 2021).
3.3.4. Predicting the active site of the protein receptor

An essential step in a molecular docking investigation is the discovery and
characterization of pockets within a protein structure (Le Guilloux et al., 2009). The

fpocket web Server, available at https://bioserv.rpbs.univ-paris-

diderot.fr/services/fpocket/, was used to identify the active sites of the BACE1 and

AChE receptors. This tool utilises Voronoi tessellation and a-spheres to detect the
active site of a protein. The fpocket accurately detected 94% and 92% of known protein
binding sites from the top three ranked pockets (Schmidtke et al., 2010). The highest
rated pocket (Pocket 0) was chosen for the receptor (Figure 8B and 9B). The findings

were visualised using Schrodinger's Pymol 2.4.0 software.
3.3.5. Molecular docking

The molecular docking was conducted using the Autodock Vina plug-in tool in PyRx
0.8 (Trott and Olson, 2010). The receptors and the ligands were loaded into the

programme using the "Vina Wizard" feature. The PyRx programme was used to
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identify, analyse, and classify the residue of the active pocket of the receptor. This was
done by selecting the "molecules" option in order to conduct point-specific molecular
docking. Following classification, a grid box was positioned on the receptor and
adjusted to include the whole active pocket of the receptor. The dimensions of the grid
box were set at x= 30.000, y= 30.000, z= 30.000 for both receptors. Following the
production of the grid mapping, the AutoDock Vina programme was developed and
executed to perform molecular docking. The conformation with the most negative
value for binding affinity (kcal/mol) was chosen as the optimal interaction for each
ligand. The most significant protein-ligand complexes were selected for further
investigation. The chosen complexes were visualised using BIOVIA Discovery Studio

Visualizer v21.1.0.20298 and Schrodinger's Pymol 2.4.0 software.
3.3.6. Molecular dynamics simulation

The findings from the molecular docking investigations were then examined by MD
simulations using GROMACS v5.1.5 (Abraham et al., 2015; Berendsen et al., 1995).
The GAFF (General AMBER Force Field) and AMBER99SB were used to create force
field and parameter files for the ligand and protein, respectively (Hornak et al., 2006).
A cubic box with periodic boundaries was placed around the complex, ensuring a
minimum distance of 10 A from the box edges. The box was then filled with solvent
using a three-point water model known as TIP3P. In order to nullify the system, Na+
and CI” ions were introduced as counter ions (Sharma et al., 2022). Subsequent to the
execution of energy minimization and equilibrating the system, the genuine MD
simulation was conducted. The system was subjected to energy reduction using the
steepest descent minimization technique for 1000 steps. This was done to prevent
steric conflicts, with a tolerance of 10 kJ/mol/nm (Selvaraj et al., 2021). An
equilibration process was conducted for 500 ps at 300 K using the Berendsen
Thermostat coupling in the NVT ensemble, where the number of particles, volume,
and temperature were kept constant (Berendsen et al., 1984). The NPT ensemble
equilibration, which included a constant number of particles, pressure, and
temperature, was conducted for a duration of 1000 picoseconds (1 nanosecond). The
Parrinello-Rahman barostat was used to couple the pressure at 1 bar (Parrinello and

Rahman, 1981). The Particle Mesh Ewald (PME) method was used to compute long-
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range electrostatic interactions. The LINear Constraint Solver (LINCS) method (Hess
et al., 1998; Sharma et al., 2022) was used to limit all bond lengths. Subsequently,
the system, which had undergone energy minimization and equilibration, was then
exposed to unconstrained production molecular dynamics (MD) simulations lasting
100 nanoseconds while maintaining a goal temperature of 300 Kelvin and a pressure
of 1 bar. The trajectories obtained from a 100 ns MD simulation were used for
conducting many dynamic studies, including RMSD (root mean square deviation),
RMSF (root mean square fluctuation), Rg (radius of gyration), and determination of
the amount of hydrogen bonds. These analyses were performed using the built-in

scripts of GROMACS.
3.3.7. Free energy binding

The complex's binding free energy was determined by the use of the MM-PBSA
technique. The concept of free energy is denoted by the equation Gx = Emm + Gp +
Gne, where X represents the complex. Emm refers to the average potential energy of
the molecules in a vacuum (van der Waal's energy (Ev) + electrostatics energy (Ee)),
while Gp and Gnp reflect the solvation energies associated with the polar and non-polar
components, respectively. The MM-PBSA calculation used the MD trajectory data,
which was recorded at intervals of 500 picoseconds. The energies obtained from the
MD simulation trajectories were computed using the default settings of the g mmpbsa
programme (Baker et al., 2001; Kumari et al., 2014). The non-polar solvation energy
was calculated using the SASA (solvent accessible surface area) model. The
‘MmPbSaDecomp.py’ script of g mmpbsa programme was used to calculate the

energy contributed by individual residues to the overall binding energy.
3.3.8. Principal component analysis

Principal component analysis (PCA) is a statistical method that simplifies a complex
data and identifies the combined and connected movements of atoms in biological
macromolecules. PCA was conducted on snapshots taken every 2 picoseconds from
the 100 nanosecond simulations. The important collective movements of the protein
receptor with ligands were captured by constructing covariance matrices of Ca atoms

(Amadei et al., 1993; Prakash et al., 2019). A positive value in the covariance matrix
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implies associated motion, whereas a negative value shows anti-correlated motion
between two Ca atoms. The covariance matrices were diagonalized, resulting in a
collection of eigenvectors and their equivalent eigenvalues. The eigenvalues indicate
the importance of their equivalent eigenvectors in the behaviour of the system, with
the eigenvector associated with the highest eigenvalue representing the most
significant movements. Principal components (PCs) are derived by projecting the
movement of the Ca atoms at each period onto the eigenvectors. The covariance
matrices, eigenvectors, and two-dimensional graphs of PC1 vs PC2 were generated

using the built-in tools 'gmx covar' and 'gmx anaeig' in Gromacs (Taidi, 2022).
3.4. RESULTS
3.4.1. ADMET properties

The analysis of drug-likeness and pharmacokinetic parameters revealed that forty out
of sixty-one phytocompounds concurred with Lipinski’s rule of five. No violation of
the rules was observed on 3-oxo-C8-homoserine lactone, taurochenodeoxycholate,
hirsutine, hydroxygardnutine, nantenine, isocorydine, loganin, gardnerine, speciosine,
demethoxycurcumin, guan-fu base Y, cycloheximide, anabasamine, vincamine,
rauwolscine, lithocholenic acid, rotenone, quinine, E-resveratrol trimethyl ether,
napelline, taurodeoxycholate, scopolamine-N-butyl, 1H-purin-6-amine, N-((3-
fluoropheny [)methyl)-, 5-ethyl-3-methyl-3,4-nonadien-6-yne, 4-isopropyl-3,4-
dimethylcyclohexa-2,5-dienone, 1-(4-Isopropylphenyl)-2-methylpro pyl acetate, and
patchouli alcohol. Whereas, 3,7,11-Trimethyl-2,4-dodecadiene,
Tricyclo[4.3.0.0(7,9)]nonane, 2,2,5,5, 8,8-hexamethyl-, (1.alpha.,6.beta.,7.al pha.,9.
alpha.)-, Bisabolene, 1,1,3,3,4-Pentamethyl-6-t-butyl-2,3-dihy- droindene, Ginkgolide
C, Ergocristine, Artocarpin, Silychrystin, Linolenic acid, 4,4'-Diaponeurosporene,
Paeoniflorin, Phosphatidylcholine(14:0/18:3n6), Taurocholic acid showed 1 violation
of the rule. Whereas, the other compounds violate two or more parameters of the
Lipinski rule of five. Thirty-one compounds have an octanol-water partition
coefficient (log P) value between 0.7 and 5.0. The majority of the compounds (63.93
%, or thirty-nine out of sixty-one) have a molecular weight (MW) below 500.
According to the SwissADME parameters, thirty out of the sixty-one selected
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compounds did not meet the TPSA (topological polar surface area) range, seventeen
compounds exceeded the limit of the number of H-bond acceptors, and thirteen
compounds exceed the number of H-bond donor limit. Except for thirteen compounds,
the others fall under the acceptable range of heavy atoms. Thirty-two phytocompounds
meet the acceptable range of rotatable bonds. Sixteen phytocompounds were under the
acceptable range of molar volumn. Except for twenty-five phytocompounds, the others
were in the acceptable range of molar refractivity (Table 7). Twenty-seven out of sixty-
one phytocompounds revealed high absorption in the gastrointestinal tract. Among the
phytocompounds, 5-Ethyl-3-methyl-3,4-nonadien-6-yne, 4-isopropyl-3,4-
dimethylcyclohexa-2,5-dienone,  1-(4-Isopropylphenyl)-2-methylpropyl  acetate,
patchouli alcohol, 1H-purin-6-amine, N-((3-fluoropheny 1)methyl)-, scopolamine-N-
butyl, napelline, E-resveratrol trimethyl ether, quinine, anabasamine, vincamine,
rauwolscine, lithocholenic acid, rotenone, gardnerine, linolenic acid, isocorydine,
nantenine, hydroxygardnutine, and hirsutine showed blood-brain barrier permeation.
No compound had solubility value (Log S) > 0. However, six compounds had LogS
value between 0 and -2, twenty compounds between -2 and -4, and thirty-five
compounds had LogS value > -4. The majority of the phytocompounds (thirty-eight)
passed the P-gp (P-Glycoprotein) substrate criterion. For the GPCR ligand, thirty-one
compounds have scored > 0.0, and thirty compounds scored between 0.0 and -5.0.
With respect to the ion channel modulator, the values of twenty-eight compounds were
> 0.0, and thirty-three compounds had values between 0.0 and -5.0. For the kinase
inhibitor, five compounds had values > 0.0, and the others between 0.0 and -5.0. For
the nuclear receptor ligand, twenty-nine compounds had values > 0.0, and thirty-two
compounds scored between 0.0 and -5.0. For the protease inhibitor, twenty-one
compounds had values > 0.0, and forty compounds had values between 0.0 and -5.0.
For the enzyme inhibitor, forty-four compounds had values > 0.0, and the others
between 0.0 and -5.0 (Table 8). Isoschaftoside had the lowest log Kp of -11.30 cm/s,
followed by ouabain (-11.07 cm/s), apigenin glucoside arabinoside (-10.91 cm/s), and
isorhamnetin-3-O-rutinoside (-10.12 cm/s). Thirty-eight compounds had log Kp
values between -5.0 and -10.0 cm/s, and nineteen compounds had log Kp values
between 0.0 and -5.0 cm/s. Rauwolscine, speciosine, gardnerine, luteolin-8-C-

glucoside, hydroxygardnutine, maritimetin-6-O-glucoside, procyanidin Bl, and
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hirsutine were alert for PAINS filters. On the other hand, 4-Isopropyl-3,4-
dimethylcyclohexa-2,5-dienone,  1-(4-Isopropylphenyl)-2-methylpropyl  acetate,
patchouli  alcohol, tricyclo[4.3.0.0(7,9)nonane, 2,2,5,5,8,8  -hexamethyl-,
(1.alpha.,6.beta.,7.alpha.,9.alpha.)-, 1H-purin-6-amine, N-((3-fluorophenyl) methyl)-,
1,1,3,3,4-pentamethyl-6-t-butyl-2,3-dihy-droindene, isoschaftoside, ergocristine,
anabasamine, vincamine, rauwolscine, silychrystin, speciosine, apiin, loganin,
apigenin glucoside arabinoside, isocorydine, nantenine, and nicotiflorin did not show
any alert for BRENK. The majority of the phytocompounds (thirty-nine out of sixty-
one) inhibited one or the other cytochrome p450 enzyme complex (CYP1A2,
CYP2C19, CYP2C9, CYP2D6 and CYP3A4). Twenty-eight compounds had a
synthetic accessibility score < 5.0, while the other thirty-three compounds had a
synthetic accessibility score > 5.0. Forty-one had bioavailability scores > 0.55, while

the other twenty phytocompounds had a bioavailability score < 0.55 (Table 9).
3.4.2. Molecular docking

3.4.2.1. BACE1

For each ligand, a total of eight potential binding sites were determined as the output
of the docking tool. We determined the ligand with the strongest binding affinity by
identifying the lowest value (most negative) binding energy. According to the docking
results of sixty-one phytocompounds from P. timoriana against BACEI, ergocristine
was the best-ranked ligand with a binding affinity of -10.3 kcal/mol, followed by
nicotiflorin, voacamine, and isorhamnetin-3-O-rutinoside with binding affinity of -
10.2 kcal/mol, -10.1 kcal/mol and -10.1 kcal/mol, respectively (Table 10).
Subsequently, these compounds underwent MD simulation to confirm the
compactness and stability of the complex. The docked complex may be visualised
using the Pymol programme. As many as twelve compounds have a binding affinity
between -9.9 kcal/mol and -9.0 kcal/mol (apiin, apigenin glucoside arabinoside,
ginsenoside F3, isoschaftoside, silychrystin, procyanidin B1, maritimetin-6-O-
glucoside, rauwolscine, luteolin-8-C-glucoside, paconiflorin, soyasapogenol B base +
O-DDMP, O-HexA-HexA, and ouabain). Eighteen compounds were found to have

binding affinity between -8.9 kcal/mol and -8.0 kcal/mol (taurochenodeoxycholate,
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rotenone, alpha-hederin, taurodeoxycholate, vincamine, artocarpin, azadirachtin,
gardnerine, taurocholic acid, napelline, demethoxycurcumin, lithocholenic acid,
nantenine, ginkgolide C, Guan-fu base Y, hirsutine, quinine, and hydroxygardnutine).
The other twenty-seven compounds showed a binding affinity between -7.9 kcal/mol

and -5.3 kcal/mol (Table 10).
3.4.2.2. AChE

Similar to BACE], a total of eight potential binding sites were determined as the output
for each ligand by the docking tool. We determined the ligand with the strongest
binding affinity by identifying the lowest value (most negative) binding energy. The
docking results of the sixty-one compounds against the AChE receptor showed that
apiin and maritimetin-6-O-glucoside were the best binding ligands with binding
affinity of -10.3 kcal/mol each, followed by paeoniflorin and silychrystin with binding
affinity of -10.2 kcal/mol and 9.8 kcal/mol, respectively (Table 10). To study the
stability of these four compounds with AChE, they were subjected to molecular
dynamic simulation. Eleven compounds were found to have binding affinity between
-9.7 kcal/mol and -9.0 kcal/mol (1H-Purin-6-amine, N-((3 fluorophenyl) methyl),
taurodeoxycholate, isoschaftoside, demethoxycurcumin, cycloheximide, ergocristine,
artocarpin, taurochenodeoxycholate, loganin, taurocholic acid, and rotenone).
Eighteen compounds have been shown to have binding affinity between -8.9 kcal/mol
and -8.0 kcal/mol (bisabolene, napelline, ginsenoside F3, voacamine, E-resveratrol
trimethyl ether, quinine, anabasamine, rauwolscine, lithocholenic acid, speciosine,
gardnerine, isocorydine, luteolin-8-C-glucoside, nicotiflorin, hydroxygardnutine, 4,4'-
diaponeurosporene, isorhamnetin-3-O-rutinoside, and procyanidin B1), and the other
twenty-eight compounds showed binding affinity between -7.9 kcal/mol and -6.2
kcal/mol (Table 10).

3.4.3. Hydrogen bonding and hydrophobic interaction
3.4.3.1. BACE1

The amino acid interactions of the BACE1 receptor with the best hit ligands (binding
<-10.0 kcal/mol) were analysed in 2D conformation using BIOVIA Discovery Studio
Visualizer v21.1.0.20298. Ergocristine was found to have hydrophobic bonds with
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TRP76, PRO70, PHE108, LYS107, and TYR71 residues of BACEI at distances of
7.03 A, 797 A, 5.87 A, 6.58 A, and (3.99 A, 447 A, and 4.26 A), respectively.
Additionally, the residues TYR71 and ASP32 also interacted with ergocristine through
hydrogen bonding at a distance of 6.42 A and 5.95 A, respectively (Table 11; Figure
10A, 10B). Nicotiflorin was found to have hydrophobic bonds with TYR 71 (5.42 A,
5.07 A, and 4.22 A) and PHE 108 (5.07 A, and 6.74 A) residues of BACEI1. Also,
LYS107 (4.93 A), ILE126 (4.57 A), THR231 (3.34 A), GLY74 (3.73 A), VAL69 (3.25
A), and TRP76 (3.85 A, and 5.02 A) also interacted through the Hydrogen bond (Table
11; Figure 10C, 10D). Isorhamnetin-3-O-rutinoside was found to have a hydrophobic
bond with TYR71 and PHE108 residues of BACE1 at distances of (6.79 A, 5.42 A,
494 A, and 4.16 A) and (6.86 A, and 5.14 A), respectively. Also, THR231 (4.84 A,
and 3.21 A), LYS107 (4.81 A), GLN73 (6.01 A), ILE126 (4.15 A) and ARG128 (6.32
A) interacted through the hydrogen bond (Table 11; Figure 11A, 11B). Voacamine
was found to have a hydrophobic bond with PHE108, LEU30, VAL69, TYR198,
ILE126, ILE118, TRP76, and TYR71 residues of BACE1 at distances of 5.07 A, 5.72
A, 543A,632A,376 A,6.64A,(627A&5.79A)and (541 A,4.70 A, 536 A, &
5.91 A), respectively. Hydrogen bonding was also found between Voacamine and
TRP76 (6.27 A), TYR71 (5.91 A), ILE126 (3.76 A), and PRO70 (5.15 A) of BACEI
(Table 11; Figure 11C, 11D).

3.4.3.2. AChE

Similarly, the amino acid interactions of the AChE receptor with the best hit ligands
(binding < -9.8 kcal/mol) were analyzed in 2D conformation using BIOVIA Discovery
Studio Visualizer v21.1.0.20298. Apiin was found to have bound with AChE through
hydrogen bonding by GLU202, SER125, ASN87, TYR341, and TYR124 at a distance
of 5.66 A,4.43 A,5.00A,4.89 A, and 5.80 A, respectively, and by hydrophobic bonds
through TRP86 (4.10 A), TYR124 (6.15 A), and TYR341 (4.14 A) (Table 12; Figure
12A, 12B). Maritimetin-6-O glucoside interacted with AChE through hydrogen bonds
by PHE295 (4.22 A), TYR72 (5.59 A), and SER125 (4.12 A) and hydrophobic bonds
by TRP86, TYR337, and TYR124 at a distance of 4.85 A, 5.92 A, and 6.83 A & 6.47
A, respectively (Table 12; Figure 12C, 12D). ASN87 (3.83 A, and 4.11 A), SER125
(4.42 A, and 4.22 A), PHE295 (4.11 A), GLY122 (3.62 A), TYR341 (5.71 A), and
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HIS447 (5.05 A) of AChE interacted with paeoniflorin through hydrogen bonds, and
TRP286 (7.35 A) and TRP86 (4.86 A) through hydrophobic bond (Table 12; Figure
13A, 13B). Silychrystin interacted with AChE through hydrogen bonding by TYR341
(6.56 A) and TYR124 (6.42 A). It also interacted with AChE through hydrophobic
bonds with TYR341 (4.85 A, and 5.33 A), TYRI24 (6.42 A), TYR72 (5.64 A),
TRP286 (6.14 A, 6.68 A,3.95 A, and 5.41 A), and LEU76 (6.62 A) (Table 12; Figure
13C, 13D).

3.4.4. Molecular dynamics simulation
3.4.4.1. BACE1

BACEIl-ligand complexes of the best hit ligands (ergocristine, nicotiflorin,
isorhamnetin-3-O rutinoside, and voacamine) were found to have an average RMSD
0f0.184 nm, 0.215 nm, 0.226 nm, and 0.217 nm, respectively (Table 13; Figure 14A).
The average RMSF of the BACEI ligand complexes was 0.103 nm (BACEI-
ergocristine complex), 0.117 nm (BACEI-icotiflorin complex), 0.130 nm (BACE1-
Isorhamnetin-3-O-rutinoside complex), and 0.117 nm (BACEI-voacamine complex)
(Table 13; Figure 14B). The number of hydrogen bonds formed between BACE1 and
ligands, namely ergocristine, nicotiflorin, isorhamnetin-3-O-rutinoside, and
voacamine, was 0.666, 4.940, 3.880, and 0.173, respectively (Table 13; Figure 14C).
The average radius of gyration (Rg) of the BACE1-ligand complexes was 2.114 nm
(BACEl-ergocristine complex), 2.142 nm (BACE1-nicotiflorin complex), 2.144 nm
(BACE1-isorhamnetin-3-O-rutinoside complex), and 2.144 nm (BACEI-voacamine
complex) (Table 13; Figure 14D).

3.4.4.2. AChE

The average RMSD of AChE-ligand complexes of the best hit ligands (apiin,
maritimetin-6-O glucoside, paeoniflorin, and silychrystin) were found to be 0.25 nm,
0.24 nm, 0.24 nm, and 0.24 nm, respectively (Table 14; Figure 15A). The average
RMSF of all the AChE-ligand complexes was found to be ~0.11 nm (Table 14; Figure
15B). The number of hydrogen bonds formed between AChE and ligands, namely
apiin, maritimetin-6-O glucoside, paeoniflorin, and silychrystin, was 1.88, 3.27, 2.76,
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and 0.23, respectively (Table 14; Figure 15C). The average radius of gyration (Rg) of
all the AChE-ligand complexes was found to be ~2.3 nm (Table 14; Figure 15D).

3.4.5. Free energy binding
3.4.5.1. BACE1

The total binding energy (sum total of van der Waals energy, electrostatic energy, polar
solvation energy, and SASA energy) between BACEI receptor and the best hit ligands
was -288.631 + 16.489 kJ/mol (BACEIl-ergocristine complex), -102.789 + 17.818
kJ/mol (BACEl-nicotiflorin complex), -107.567 =+ 23.195 kJ/mol (BACEIl-
isorhamnetin-3-O-rutinoside complex), and -417.951 + 31.736 kJ/mol (BACEI-
voacamine complex) (Table 15; Figure 16A). The analysis of the energy contribution
by an individual residue showed that ASP106, ASP228, TYR71, GLU77, and GLU104
contributed approximately -20 kJ/mol of energy each in the BACEI-ergocristine
complex (Figure 16C). In the BACEl-nicotiflorin complex, the top energy-
contributing residues were TYR71, PHE108, and SER35 (Figure 16D). TYR71,
PHE108, and ASP106 contributed the maximum energy to the BACE1-isorhamnetin-
3-O-rutinoside complex (Figure 16E). The number of residues contributing maximum
energy is significantly high in the BACEl-voacamine complex, namely, ASP228,
ASP32, ASP106, ASP223, GLU77, GLU265, GLU104, GLU125, ASP131, GLU339,
and GLU116, all generating above -30 kJ/mol each (Figure 16F).

3.4.5.2. AChE

The total binding energies of AChE-apiin complex, AChE-maritimetin-6-O glucoside
complex, AChE-paeoniflorin complex, and AChE-silychrystin complex were -93.705
+ 19.494 kJ/mol, -68.854 = 24.995 kJ/mol, -110.015 + 20.417 kJ/mol, and -385.386 +
18.965 kJ/mol, respectively (Table 16; Figure 17A). The analysis of the energy
contribution by an individual residue showed that TRP286, TYR341, and LEU36 were
the maximum energy contributors in the AChE-apiin complex (Figure 17C). In the
AChE-maritimetin-6-O-glucoside complex, ARG3 contributed energy significantly.
Additionally, GLU4, ASP5, ALA6, and GLU7 were also major energy contributors
(Figure 17D). ASP74, TYR341, TRP86, and GLU285 contributed the most energy to
the AChE-paeoniflorin complex (Figure 17E). In the AChE-silychrystin complex,
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ASP-74 and GLU-292 contributed approximately -30 kJ/mol energy, whereas
GLU285, GLU243, ASP349, GLU84, GLU202, GLU358, GLU334, GLU81, ASP374,
and GLU351 contributed approximately -20 kJ/mol each (Figure 17F).

3.4.6. Principal component analysis
3.4.6.1. BACE1

The 2D projections revealed that the BACE1-nicotiflorin complex had the smallest
occupied phase space with PCA1-66.784% and PCA2-33.215% (Figure 18B),
followed by the BACE1-isorhamnetin-3-O-rutinoside complex with PCA1-71.811%
and PCA2-28.189% (Figure 18C). Among the others, the BACEIl-voacamine
complex had a lesser occupied phase area with PCA1-69.642% and PCA2-30.358%
(Figure 18D) compared to the BACE1-ergocristine complex, which occupied the most
space out of the four complexes with PCA1-59.956% and PCA2-40.044% (Figure
18A).

3.4.6.2. AChE

The 2D projections showed that the AChE-maritimetin-6-O-glucoside complex had
the smallest occupied phase area with PCA1-73.688% and PCA2-26.312% (Figure
19B), followed by the AChE-apiin complex with PCA1-74.124% and PCA2-25.876%
(Figure 19A). Comparing the others, the AChE-paeoniflorin complex appeared to
occupy a lesser phase area with PCA1-62.356% and PCA2-37.644% (Figure 19C)
compared to the AChE-silychrystin complex, which occupied the maximum area with

PCA1-71.75% and PCA2-28.25% (Figure 19D).
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Figure 6. 2D structures of phytocompounds, found in methanolic extract of Parkia

timoriana seed pods, used as ligands for molecular docking studies against BACE1

and AChE.
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Figure 8. Preparation of the target receptor (BACE1), and identification of its active
site for molecular docking experiments. (A) The BACE]1 receptor has been prepared
for docking using UCSF Chimera software. This involved removing the multiple
chains, co-crystallized ligand, metal ions, and water molecules from the target
receptor. Additionally, polar hydrogen atoms and partial charges were added to the
receptor. The truncated side chains were repaired, and Gasteiger charges were added
using the Dock Prep function of the software. (B) The fpocket software was used to
predict the active site of the BACEL. The colour grey indicates the BACEI's active

site.
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Figure 9. Preparation of the target receptor (AChE), and identification of its active site
for molecular docking experiments. (A) The AChE receptor has been prepared for
docking using UCSF Chimera software. This involved removing the multiple chains,
co-crystallised ligand, metal ions, and water molecules from the target receptor.
Additionally, polar hydrogen atoms and partial charges were added to the receptor. The
truncated side chains were repaired, and Gasteiger charges were added using the Dock
Prep function of the software. (B) The fpocket software was used to predict the active
site of the AChE. The colour green indicates the AChE's active site.
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Figure 10. 2D (two-dimensional) and 3D (three-dimensional) docking poses
demonstrate the interactions between the top-hit putative bioactive phytocompounds
(ligands) from Parkia timoriana and the residues of BACE1’s active site. (A, B) The
binding affinity of BACE1-ergocristine complex is -10.3 kcal/mol. (C, D) The binding
affinity of BACE1-nicotiflorin complex is -10.2 kcal/mol.
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Figure 11. 2D (two-dimensional) and 3D (three-dimensional) docking poses
demonstrate the interactions between the top-hit putative bioactive phytocompounds
(ligands) from Parkia timoriana and the residues of BACE1’s active site. (A, B) The
binding affinity of BACE1-isorhamnetin -3-O—rutinoside complex is -10.1 kcal/mol.
(C, D) The binding affinity of BACEI1-voacamine complex is -10.1 kcal/mol.
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Figure 12. 2D (two-dimensional) and 3D (three-dimensional) docking poses
demonstrate the interactions between the top-hit putative bioactive phytocompounds
(ligands) from Parkia timoriana and the residues of AChE’s active site. (A, B) The
binding affinity of AChE-apiin complex is -10.3 kcal/mol. (C, D) The binding affinity
of AChE-maritimetin-6-O-glucoside complex is -10.3 kcal/mol.
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Figure 13. 2D (two-dimensional) and 3D (three-dimensional) docking poses
demonstrate the interactions between the top-hit putative bioactive phytocompounds
(ligands) from Parkia timoriana and the residues of AChE’s active site. (A, B) The
binding affinity of AChE-paenoniflorin complex is -10.2 kcal/mol. (C, D) The binding
affinity of AChE-silychrystin complex is -9.8 kcal/mol.
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Figure 14. Evaluation of the compactness and stability of the docked complex
(including BACEIl-ergocristine, BACEl-nicotiflorin, BACE]1-isorhamnetin-3-O—
rutinoside, and BACE1-voacamine) by computing the deviation as a function of
residue index and time from 100 ns of molecular dynamics (MD) simulation. (A)
Stability of the receptor-ligand complex (BACE1-ergocristine, BACE1-nicotiflorin,
BACETl-isorhamnetin -3-O-rutinoside, and BACE1-voacamine) throughout the 100
ns MD simulation was shown by the root-mean square deviation (RMSD). (B) An
analysis of the root mean square fluctuation (RMSF) revealed that the ligands
(ergocristine, nicotiflorin, isorhamnetin-3-O—rutinoside, and voacamine) interacted
with comparable residues of BACEI. (C) The number of hydrogen bonds established
by the docked complex (BACEI-ergocristine, BACEl-nicotiflorin, BACEI-
isorhamnetin -3-O—rutinoside, and BACEI-voacamine) throughout the 100 ns
simulation, showing that BACE1-nicotiflorin complex creates the highest degree of
stability with respect to hydrogen bond. (D) The measurement of the radius of gyration
(Rg) reveals that the protein structure of BACEI is compacted by each of the ligand

(ergocristine, nicotiflorin, isorhamnetin-3-O—rutinoside, and voacamine).
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Figure 15. Evaluation of the compactness and stability of the docked complex
(including AChE-apiin, AChE-maritimetin-6-O-glucoside, AChE-paenoniflorin, and
AChE-silychrystin) by computing the deviation as a function of residue index and time
from 100 ns of molecular dynamics (MD) simulation. (A) Stability of the receptor-
ligand  complex  (AChE-apiin, = AChE-maritimetin-6-O-glucoside, = AChE-
paenoniflorin, and AChE-silychrystin) throughout the 100 ns MD simulation was
shown by the root-mean square deviation (RMSD). (B) An analysis of the root mean
square fluctuation (RMSF) revealed that the ligands (apiin, maritimetin-6-O-
glucoside, paenoniflorin, and silychrystin) interacted with comparable residues of
AChE. (C) The number of hydrogen bonds established by the docked complex (AChE-
apiin, AChE-maritimetin-6-O-glucoside, = AChE-paenoniflorin, and AChE-
silychrystin) throughout the 100 ns simulation, showing that AChE-maritimetin-6-O-
glucoside complex creates the highest degree of stability with respect to hydrogen
bond. (D) The measurement of the radius of gyration (Rg) reveals that the protein
structure of AChE is compacted by each of the ligand (apiin, maritimetin-6-O-

glucoside, paenoniflorin, and silychrystin).
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Figure 16. Molecular mechanics Poisson-Boltzmann surface area (MMPBSA)
analysis for calculating the binding free energy of the receptor-ligand complex). (A)
The binding free energy (kJ/mol) of the receptor-ligand complex (BACEI-
ergocristine, BACEIl-nicotiflorin, BACEI-isorhamnetin-3-O-rutinoside, and
BACE!1-voacamine) for the 100 ns of MD simulation trajectories, showing BACE1-
voacamine complex as the strongest binding energy. (B) MMPBSA analysis revealed
that comparable residues of BACE1 are implicated in ligand binding (ergocristine,
nicotiflorin, isorhamnetin-3-O-rutinoside, and voacamine) by residue-wise
breakdown of binding free energy. (C, D, E, and F) The individual residues of BACE1

contributing the highest energy when bound to the ligand (ergocristine, nicotiflorin,

93



isorhamnetin-3-O-rutinoside, and voacamine, respectively). The breakdown of the
binding free energy from MMPBSA analysis (van der Waals, electrostatic, nonpolar
solvation energy, and polar solvation) is also displayed. A positive value destabilises

the complex, while a negative value implies the formation of a stable complex.
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Figure 17. Molecular mechanics Poisson-Boltzmann surface area (MMPBSA)

analysis for calculating the binding free energy of the receptor-ligand complex). (A)

The binding free energy (kJ/mol) of the receptor-ligand complex (AChE-apiin, AChE-

maritimetin-6-O-glucoside, AChE-paenoniflorin, and AChE-silychrystin) for the 100

ns of MD simulation trajectories, showing AChE-silychrystin complex as the strongest

binding energy. (B) MMPBSA analysis revealed that comparable residues of AChE

are implicated in ligand binding (apiin, maritimetin-6-O-glucoside, paenoniflorin, and

silychrystin) by residue-wise breakdown of binding free energy. (C, D, E, and F) The

individual residues of AChE contributing the highest energy when bound to the ligand

(apiin, maritimetin-6-O-glucoside, paenoniflorin, and silychrystin, respectively). The
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breakdown of the binding free energy from MMPBSA analysis (van der Waals,
electrostatic, nonpolar solvation energy, and polar solvation) is also displayed. A
positive value destabilises the complex, while a negative value implies the formation

of a stable complex.
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Figure 18. Scatter plots derived from PCA (Principal Component Analysis) display
the displacement of alpha carbon (Ca) atoms along the first and second eigenvectors
of receptor-ligand complex. (A) BACEI-ergocristine. (B) BACEI-nicotiflorin. (C)
BACETl-isorhamnetin-3-O—rutinoside. (D) BACE1-voacamine. These plots indicate
that voacamine restricts the collective motion of the BACE1 receptor to a greater

extent compared to the other compounds.
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Figure 19. Scatter plots derived from PCA (Principal Component Analysis) display
the displacement of alpha carbon (Ca) atoms along the first and second eigenvectors
of receptor-ligand complex. (A) AChE-apiin. (B) AChE-maritimetin-6-O-glucoside.
(C) AChE-paenoniflorin. (D) AChE-silychrystin. These plots indicate that
maritimetin-6-O-glucoside restricts the collective motion of the AChE receptor to a

greater extent compared to the other compounds.
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BACEI1-Ergocristine BACEI1-Nicotiflorin BACEI]1-Isorhamnetin-6 BACE1-Voacamine
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Figure 20. Snapshot images depict the motion of top hit ligands inside the protein
binding site of BACEI at 20 ns intervals throughout a 100 ns period of molecular

dynamics simulation.
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Figure 21. Snapshot images depict the motion of top hit ligands inside the protein
binding site of AChE at 20 ns intervals throughout a 100 ns period of molecular

dynamics simulation.
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Table 6. Phytocompounds, found in methanolic extract of Parkia timoriana seed pods, used as ligands for molecular docking analysis

against BACE1 and AChE protein receptors.

Molecular

Compound

Compound Formula . SMILES
no. weight ID
1. | 3,7,11-Trimethyl-2,4-dodecadiene CisHos 208.38 | 21599893 | CC=C(C)C=CCC(C)CCCC(C)C
2. | 5-Ethyl-3-methyl-3,4-nonadien-6-yne CiHis 162.27 535138 | CCC#CC(=C=C(C)CC)CC
3. | 4-1sopropyl-3,4-dimethylcyclohexa-2,5-dienone C11H160 164.24 578926 | CC1=CC(=0)C=CC1(C)C(C)C
4. | 1-(4-1sopropylphenyl)-2-methylpropyl acetate CisH2,0; 234.33 154574010 | CC(C)C1=CC=C(C=C1)C(C(C)O)OC(=0)C
5. | Patchouli alcohol CisH260 222.37 | 10955174 | CC1CCC2(C(C3CCC2(C1C3)C)(C)C)O
Tricyclo[4.3.0.0(7,9)]nonane, 2,2,5,5,8,8-
6. hexamethyl-, (L.alpha..6.beta. 7 aipha..9.alpha.)- CisHzs 206.37 549738 | CC1(CCC(C2C1C3C2C3(C)C)(C)C)C
7. | 1H-Purin-6-amine, N-((3-fluorophenyl)methyl)- | CioHiFNs | 243.24 | 6455415 ng%CFCCFCl)HCNCZzNCzN%:CZN
8. | Bisabolene CisHas 204.35 3033866 | CC1=CCC(=C(C)CCC=C(C)C)CC1
9 1,1,3,3,4-Pentamethyl-6-t-butyl-2,3- CiH 24442 1FVnmyl | CC1=CC(C(C)(C)C)=CC2=C1C(C)(CC(C)2
" | dihydroindene 187728 ' G7Pj |C)C
N . CCCC[N+]1(C2CC(CC1C3C203)0C(=0)C
10. | Scopolamine-N-butyl C21H30NO4 360.5 9004 (CO)C4=CC=CC=C4)C
) " " i . CCCCCCCCCCCC(=0)OCC(COP(=0)(0)
17, | Ldodecanoyl-2-(11Z-eicosenoyl)-glycero-3 CasHr5010P 721 | 52926324 | OCC(CO)0)OC(=0)CCCCCCCCCC=CCC
phospho-(1'-sn-glycerol)
CCCCCC
. CCN1CC2(CCC(C34C2CC(C31)C56CACC(
12. | Napelline C22H33NO3 359.5 441749 C(C5)C(=C)C60)0)0)C
CC(CCC(=0)NCCS(=0)(=0)0)C1CCC2Cl
13. | Taurodeoxycholate C26H1sNO6S 499.7 2733768 (C(CC3C2CCCAC3(CCC(C4)0)C)0)C
CCC1CC2CC3(C1N(C2)CCC4=C3NC5=CC
. (=C(C=C45)0C)C6CCT7C(C(CCB=CBNCI=
14. | Voacamine Ca3Hs52N40s 704.9 11953931 CC=CC=C89)N(CC7=CC)C)C(=0)0C)C(=
0)oC
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15.

Ginsenoside F3

Ca1H70013

771.0

46887678

CC(=CCCC(C)(C1CCC2(C1C(CC3C2(CC(C
4C3(CCC(C4(C)C)0)C)0)C)0)C)OC5C(C(C
(C(05)COCEC(C(C(CO6)0)0)0)0)0)0)C

16.

Isoschaftoside

Ca6H28014

564.5

3084995

C1C(C(C(C(01)C2=C(C(=C3C(=C20)C(=0
)C=C(03)C4=CC=C(C=C4)0)C5C(C(C(C(
05)C0)0)0)0)0)0)0)0

17.

Azadirachtin

C35Ha4016

720.7

5281303

CC=C(C)C(=0)OC1CC(C2(COC3C2C14CO
C(C4C(C30)(C)C56C7CC(C5(06)C)C8(C=C
0C807)0)(C(=0)0C)0)C(=0)0C)OC(=0)C

18.

E-Resveratrol trimethyl ether

C17H1803

270.32

5388063

COC1=CC=C(C=C1)C=CC2=CC(=CC(=C2)
0C)0C

19.

Ginkgolide C

C20H24011

440.4

24721502

CC1C(=0)OC2C1(C34C(=0)OC5C3(C20)
C6(C(C50)C(C)(C)C)C(C(=0)0C604)0)0O

20.

Quinine

C20H24N202

324.4

3034034

COC1=CC2=C(C=CN=C2C=C1)C(C3CC4C
CN3CC4C=C)0

21.

Ergocristine

CasH30N505

609.7

31116

CC(C)C1(C(=0)N2C(C(=0)N3CCCC3C2(0
1)0)CC4=CC=CC=C4)NC(=0)C5CN(C6CC
7=CNC8=CC=CC(=C78)C6=C5)C

22.

Demethoxycurcumin

C20H180s

338.4

5469424

COC1=C(C=CC(=C1)C=CC(=0)CC(=0)C=
CC2=CC=C(C=C2)0)0

23.

Guan-fu base Y

C22H29NOs

387.5

3101182

CC(=0)OC1CC2(CN3C4C2C5(C1)C3CH(C(
C7C(C5C6(C4)CC7=C)0)0)0)C

24.

Cycloheximide

CisH23NO4

281.35

6197

CC1CC(C(=0)C(C1)C(CC2CC(=0)NC(=0)
C2)0)C

25.

Anabasamine

CisH1oNs3

253.34

161313

CN1CCCCC1C2=CN=C(C=C2)C3=CN=CC
=C3

26.

Vincamine

C21H26N203

354.4

15376

CCC12CCCN3C1C4=C(CC3)C5=CC=CC=
C5N4C(C2)(C(=0)0C)0

217.

Artocarpin

CasH2806

436.5

5458461

CC(C)C=CC1=C(C=C2C(=C10)C(=0)C(=C
(02)C3=C(C=C(C=C3)0)0)CC=C(C)C)OC
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COC(=0)C1C(CCC2C1CC3C4=C(CCN3C2

28. | Rauwolscine Ca1H26N203 354.4 643606 )C5=CC=CC=C5N4)0
. . . CC(CCC(=0)0)Cc1cceeaci(c=ce3caccece
29. | Lithocholenic Acid C24H303 374.6 5283972 AC3(CCC(CA)0)C)C
CC(=C)C1CC2=C(01)C=CC3=C20c4Cc0cC
30. | Rotenone Ca3H2206 394.4 6758 5=CC(=C(C=C5CAC3=0)0C)OC
COC1=C(C=CC(=C1)C2C(C3=C(02)C(=C
31. | Silychrystin C25H22010 482.4 4481797 | C(=C3)C4C(C(=0)C5=C(C=C(C=C504)0)
0)0)0)C0O)O
. CN(CC1=CC=CC=Cl0)C2Cccc3=Cc(=C(C(
32. | Speciosine Ca2sH31NOg 477.5 330188 ~C3C4=CC=C(C(=0)C=C24)0C)0C)OC)OC
C1C(C(C(01)0C2Cc(C(c(oca20c3=Ccc(=C
33. | Apiin C26H28014 564.5 5280746 | 4C(=C3)OC(=CC4=0)C5=CC=C(C=C5)0)
0)C0)0)0)0)(CO)O
. CC=C1CN2C3CC1C(C2CC4=C3NC5s=C4C
34. | Gardnerine C20H24N0; 324.4 6445140 —CC(=C5)00)CO
. CC1C(CC2c1c(oc=C2C(=0)0Cc)oc3c(c(
35. | Loganin C17H26010 390.4 87691 C(C(O3)CO)O)O)O)O
C1=CC(=CC=C1C2=CC(=0)C3=C(C(=C(C(
36. | Apigenin glucoside arabinoside C26H28014 564.5 131750832 | =C302)C4C(C(C(04)C0O)0)0)0)C5C(C(C(
C(05)C0)0)0)0)0)0
37. | Linolenic acid Ci1sH3002 278.4 5280934 CCC=CCC=CCC=CCCCcCcccc(=0)0
. CN1CCC2=CC(=C(C3=C2C1CC4=C3C(=C
38. | Isocorydine C20H23sNO4 341.4 10143 (C=C4)0C)0)0C)0C
. CN1CCC2=CC(=C(C3=C2C1CC4=CC5=C(
39. | Nantenine C20H2:NO4 339.4 197001 C=C43)0C05)0C)0C
CCCCCCCCCCCCCCC(=0)0OCC(COP(=0)
40. | Phosphatidylcholine 15:0/18:1(112) Ca1HgoNOgP 746.0 24778662 | ([O])OCC[N+](C)(C)C)OC(=0)Ccceececece
CCC=CCcCccCccCC
41. | Luteolin-8-C-glucoside CotHaOu aa84 | sos1675 | CLTCC(EC(C=CLC2=CC(=0)C3=C(02)C(=

C(C=C30)0)CA4C(C(C(C(04)CO)0)0)0)0)O




CC1C(C(C(C(O1)OCC2C(C(C(C(02)0C3=

42. | Nicotiflorin CarHa001s 594.5 5318767 | C(OC4=CC(=CC(=C4C3=0)0)0)C5=CC=C
(C=C5)0)0)0)0)0)0)0
43. | Hydroxygardnutine C20H22N205 338.4 12310668 ggg%égﬁiéggi&%%m_cm2)C4CC5C6
CCCcCccceee=ccececececececcecececec(=0)o
44. | Phophatidylethanolamine(22:1/20:1) Ca7HooNOgP 828.2 | 53479865 | CC(COP(=0)(0)OCCN)OC(=0)CCCCCCC
CCC=CCcccccec
CCCcCccceeececececcecececcecce(=o0)oce(cor
45. | Phosphatidylethanolamine 18:0-22:6 CusH7sNOgP 792.1 6426737 | (=0)(O)OCCN)OC(=0)CCC=CCC=CCC=C
CC=CCC=CCC=CCC
o . C1=CC(=C(C=C1C=C2C(=0)C3=C(02)C(=
46. | Maritimetin-6-O-glucoside C21H20011 448.4 6450184 C(C=C3)0CAC(C(C(C(04)CO)0)0)0)0)0)0
CC1C(C(C(C(O1)0OC2CC(C3(CAC(CCC3(C
47. | Ouabain Ca9Haa012 584.7 439501 | 2)0)C5(CCC(C5(CC40)C)C6=CC(=0)0C6
)0)C0)0)0)0)O
48. | 4,4'-Diaponeurosporene CsoHa2 402.7 6443791 S(C::((E:;:CC::CC::C(:(;(C::(CC—)g)Cé)—(%%—CC—C(C)C—CC
. CCCcCccceeece=cececececececece(=0)oc(co
49. %gfﬁfnzajelénﬁ%g@gﬁ;?gﬂggﬁggﬂZIrfe CisHiNOwWP | 8221 | 52925775 | C(=0)CCCC=CCC=CCC=CCC=CCC=CCC)
COP(=0)(0)OCC(C(=0)O)N
CC1C(C(C(C(O1)OCC2C(C(C(C(02)0C3=C
50. | Isorhamnetin-3-O-rutinoside CasH32016 624.5 5481663 | (OC4=CC(=CC(=C4C3=0)0)0)C5=CC(=C(
C=C5)0)0C)0)0)0)0)0)0
CC12CC3(CA4CC1(C4(C(02)03)COC(=0)C5
51. | Paeoniflorin CaaH2011 480.5 442534 | =CC=CC=C5)0C6C(C(C(C(06)C0O)0)0)0)
O
C1C(C(OC2=C1C(=CC(=C2C3C(C(OC4=CC
52. | Procyanidin B1 CaoH2s012 5785 | 11250133 | (=CC(=C34)0)0)C5=CC(=C(C=C5)0)0)0)0

)0)C6=CC(=C(C=C6)0)0)O




1,2-diarachidonoyl-sn-glycero-3-

CCCCCC=CCcC=Cce=cee=ceeec(=0)o

53. . CusH7sNOsgP 788.0 52924874 | CC(COP(=0)(0)OCCN)OC(=0O)Ccccce=CC
phosphoethanolamine C=CCC=CCC=CCCCCT
CCCCCCccceeececece(=0)occ(cor=0)(|[
54. | Phosphatidylcholine(14:0/18:3n6) CuoH7sNOsgP 728.0 52922220 | O])OCC[N+](C)(C)C)OC(=0)CCCccc=CccCC
=CCC=CCCCcCC
N CCC1CN2CCC3=C(C2CC1C(=COC)C(=0)
55. | Hirsutine C22H28N203 368.5 3037884 OC)NC4=CC=CC=C34
CC(CCC(=0O)NCCS(=0)(=0)0O)c1cceezct
56. | Taurochenodeoxycholate C26HasNOgS 499.7 387316 (CCC3C2C(CCAC3(CCC(C4)0)C)0)C
[3-hexadecoxy-2-[(9Z,11E)-13- CCccceceeecceeeeccocc(CorE=oN
57. | hydroxyoctadeca-9,11-dienoyl]oxypropyl] 2- C42Hs2NOgP 760.1 134778782 | O])OCC[N+](C)(C)C)OC(=0)CCCCccccee=
(trimethylazaniumyl)ethyl phosphate CC=CC(CCCCQ)0
CC1C(C(Cc(Cc(o1)0Cc2c(c(cocaocacece4
58.. | Alpha-Hederin C1Hes012 751.0 73296 | (C(C3(C)CO)CCCh(cacc=CoC5h(CCCT(C6
CC(CCT)(C)C)C(=0)0)C)C)C)0)0)0)0)O
CC1=C(C(=0)CC(01)0Cc2cc(ce3cz(cece
Soyasapogenol B base + O-DDMP, O-HexA- 4(C3=CCChC4(CCCBCH(CCC(CB(C)CO)O
59. HoxA Cu8H72018 937.1 139292121 C7C(C(C(C(07)C(=0)0)0)0)0C8C(C(C(C
(08)C(=0)0)0)0)0)C)C)C)C)(C)C)O
. CC(CCC(=0O)NCCS(=0)(=0)0O)c1ccee2ct
60. | Taurocholic acid C26H1sNO7S 515.7 6675 (C(CC3C2C(CCAC3(CCC(CA)0)C)0)0)C
61. | 3-0x0-C8-homoserine lactone C12H1sNO4 241.28 4476497 | CCCCCC(=0)CC(=0O)NC1CCOC1=0
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Table 7. Predicted ADMET (absorption, distribution, metabolism, excretion, and toxicity) properties of the phytocompounds found in the

methanolic extract of Parkia timoriana seed pod using Molinspiration and SwissADME tools.

Calculated ADMET properties of the phytocompounds from P. timorianat

Sl. Phytocompound iLOGP* | TPsA* | MeAY | i | LB A*| HBD* [LR5* RB* | Mv* | MR*
No. (P. timoriana) atoms*

1. 13,7,11-Trimethyl-2,4-dodecadiene 5.72 0.00 15 208.39 0 0 1 7 | 251.14 | 73.27
2. 5-Ethyl-3-methyl-3,4-nonadien-6-yne 4.48 0.00 12 162.28 0 0 0 2 |189.92 | 56.19
3. #-Isopropyl-3,4-dimethylcyclohexa-2,5-dienone 2.67 17.07 12 164.25 1 0 0 1 | 17519 | 51.87
4. [1-(4-1sopropylphenyl)-2-methylpropyl acetate 4.60 26.30 17 234.34 2 0 0 5 | 24530 | 7131
5. |Patchouli alcohol 3.94 20.23 16 222.37 1 1 0 0 |238.37 | 68.56

Tricyclo[4.3.0.0(7,9)]nonane, 2,2,5,5, 8,8-hexame
6. thyl-. (Lalpha, 6.beta..7.al pha.9. alpha.)- 5.30 0.00 15 206.37 0 0 1 0 |229.90| 67.10
7. [1H-Purin-6-amine, N-((3-fluoropheny I)methyl)- 2.15 66.49 18 243.25 4 2 0 3 | 206.10 | 65.43
8. |Bisabolene 5.51 0.00 15 204.36 0 0 1 3 123430 | 70.68
9. [1,1,3,3,4-Pentamethyl-6-t-butyl-2,3-dihy- droindene | 6.38 0.00 18 244.42 0 0 1 1 |272.00 | 82.30
10. |Scopolamine-N-butyl -1.49 59.06 26 360.47 4 1 0 8 | 347.61 | 103.76
11, [L-dodecanoyl-2-(11Z-eicosenoyl)-gly ce-r0-3-phos | g 53 | 14583 | 49 | 72007 | 10 | 3 | 2 | 39 | 737.19 | 201.19
pho-(1'-sn-glycerol)

12. Napelline 2.11 63.92 26 359.51 4 3 0 1 | 347.02 | 104.23
13. [Taurodeoxycholate 1.19 123.92 34 499.71 6 4 0 8 | 475.07 | 133.98
14. [Voacamine 7.71 99.90 52 704.91 7 2 2 7 | 66198 | 211.78
15. |Ginsenoside F3 3.20 218.99 54 771.00 | 13 9 3 9 | 735.37 | 199.84
16. |Isoschaftoside -1.68 250.96 40 56450 | 14 10 3 4 | 46151 | 133.26
17. |Azadirachtin 142 215.37 51 720.72 16 3 2 10 | 611.69 | 165.92
18. [E-Resveratrol trimethyl ether 4.59 27.70 20 270.33 3 0 0 5 | 25951 | 81.29
19. (Ginkgolide C -3.29 169.06 31 44040 | 11 4 1 1 | 355.93 | 94.45
20. [Quinine 3.06 45.59 24 324.42 4 1 0 4 |310.79 | 99.73
21. [Ergocristine 2.82 118.21 45 609.73 6 3 1 6 |549.98 | 179.96
22. IDemethoxycurcumin 2.48 83.83 25 338.36 5 2 0 7 | 306.64 | 96.31

106



23. |Guan-fu base Y 1.07 90.23 28 387.48 6 3 0 2 | 347.05 | 103.44
24. |Cycloheximide 0.76 83.47 20 281.35 4 2 0 3 |269.59 | 7847
25. |Anabasamine 2.42 29.02 19 253.35 3 0 0 2 | 249.68 | 81.17
26. [Vincamine 3.18 54.70 26 354.45 4 1 0 3 |330.22 | 103.74
27. |Artocarpin 6.09 100.13 32 436.50 6 3 1 6 |404.30 | 128.71
28. [Rauwolscine 3.22 65.56 26 354.45 4 2 0 2 |330.78 | 104.02
29. |Lithocholenic Acid 4.66 57.53 27 374.56 3 2 0 4 |383.40 | 110.97
30. Rotenone 3.58 63.24 29 394.42 6 0 0 3 | 348.33 | 106.15
31. Silychrystin 1.26 166.14 35 48244 | 10 6 1 4 1399.89 | 121.05
32. |Speciosine 4.23 77.47 35 477.56 7 1 0 7 | 441.78 | 135.76
33. |Apiin -0.74 228.97 40 56450 | 14 8 3 7 | 463.10 | 132.56
34. |Gardnerine 3.31 48.49 24 324.42 3 2 0 2 |305.34 | 99.14
35. |Loganin -1.25 155.15 27 390.38 | 10 5 0 5 | 33754 | 87.37
36. |Apigenin glucoside arabinoside -0.94 250.96 40 564.50 14 10 3 5 | 461.51 | 133.26
37. [Linolenic acid 5.84 37.30 20 278.44 2 1 1 | 13 | 306.47 | 88.99
38. |Isocorydine 3.00 51.17 25 34141 5 1 0 3 | 315.00 | 100.47
39. Nantenine 3.32 40.17 25 339.39 5 0 0 2 |305.37 | 98.20
40. Phosphatidylcholine 15:0/18:1(112) 6.40 111.21 51 746.06 8 0 2 | 40 | 784.29 | 214.13
41. |Luteolin-8-C-glucoside 0.03 201.27 32 448.38 | 11 8 2 3 | 363.22 | 108.63
42. Nicotiflorin -0.57 249.20 42 59452 | 15 9 3 6 | 488.05 | 139.36
43. Hydroxygardnutine 2.56 57.73 25 338.41 4 2 0 2 130375 ] 98.11
44. Phophatidylethanolamine(22:1/20:1) 10.23 | 134.40 57 828.21 9 2 2 | 47 | 877.45 | 244.37
45. Phosphatidylethanolamine 18:0-22:6 9.57 134.40 55 792.09 9 2 2 | 41 | 819.10 | 232.86
46. [Maritimetin-6-O-glucoside -0.51 190.28 32 44838 | 11 7 2 4 | 364.19 | 106.03
47. |Ouabain -2.18 206.60 41 584.66 | 12 8 3 4 | 520.54 | 140.66
48. |4,4'-Diaponeurosporene 9.33 0.00 30 402.67 0 0 1 11 | 452.89 | 141.58
a9, [-(52,82,112,142,17Z-eicosapentaen Y1) -2-(9Z- | g g | 17970 | 57 | 82007 | 11 | 3 | 3 | 41 | 829.32 | 234,63
nonadecenoyl)-glyce ro-3-phospho serine
50. [Isorhamnetin-3-O-rutinoside -0.76 258.43 44 624.55 16 9 3 7 | 513.60 | 145.85
51. [Paeoniflorin 0.04 164.38 34 480.47 11 5 1 7 40141 | 109.26
52. PProcyanidin B1 2.58 220.75 42 57853 | 12 10 3 3 | 475.67 | 146.71
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53. ;}ﬁi'géara‘:h'donoy"S”'g'ycer°'3'ph°5ph°ema”°' 936 |13440| 55 | 78806 | 9 | 2 | 2 | 39 | 80672 | 231.91

54. Phosphatidylcholine(14:0/18:3n6) 4.45 111.21 50 728.00 8 0 1 37 | 755.11 | 208.38

55. [Hirsutine 4.07 54.57 27 368.48 4 1 0 5 |352.67 | 110.39

56. [Taurochenodeoxycholate 1.19 123.92 34 499.71 6 4 0 8 | 475.07 | 133.98
[3-hexadecoxy-2-[(9Z,11E)-13-hydro xy octadeca-

57. 9,11-dienoyl]oxy propyl] 2-(tri methylazaniumyl) 5.46 114.36 52 760.09 8 1 2 40 | 800.76 | 219.43
ethyl phosphate

58. |Alpha-hederin 3.57 195.60 53 750.97 | 12 7 3 6 | 710.54 | 195.45

59. |Soyasapogenol B base + O-DDMP, O-HexA-HexA 3.01 288.67 66 937.09 | 18 9 3 9 |849.33 | 232.23

60. [Taurocholic acid 0.28 144.15 35 515.71 7 5 1 8 |483.12 | 135.14

61. |3-ox0-C8-homoserine lactone 0.14 72.47 17 241.29 4 1 0 8 |231.13 ] 6217

* iLOGP: octanol-water partition coefficient; TPSA: topological Polar surface area; nheavy atoms: number of heavy atoms; MW:
molecular weight; HBA: number of H-bond acceptors; HBD: number of H-bond donors; LRS: number of violations to Lipinski’s rule of

five; RB: number of rotatable bonds; MV: molecular volume; MR: molar refractivity.

+ ADMET Default range: MW- 50-500; iLOGP- 2—-10; TPSA- 20-130; HBA- 0-10; HBD- 0-5; RB- 0-5; nheavy atoms- 15-50; logP-
0.7-5.0; MR- 40-130; MV- 500-2000.
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Table 8. Prediction of pharmacokinetics properties, water solubility, and lipophilicity of the phytocompounds from the methanolic extract

of Parkia timoriana using Molinspiration and SwissADME tools.

Pharmacokinetics - Bioactivity
Sl Phytocompounds . Nuclear
ST Log S* « [lon channel| Kinase Protease | Enzyme - I E—
No. (P. timoriana) GPCR™ | 1 odulator inhibitorrfi;eaprfgr inhibitor | inhibitor | C' |BBB™ P-0P
1. 3,7,11-Trimethyl-2,4-dodecadiene -6.38 | -0.36 0.07 -0.81 0.14 -0.67 0.25 |Low| no no
2. |5-Ethyl-3-methyl-3,4-nonadien-6-yne -3.9 | -0.49 0.15 -0.75 | -0.16 -0.83 0.14 |Low| yes | no
3. ¥-lIsopropyl-3,4-dimethylcyclohexa-2,5-dienone | -2.69 | -0.65 -0.36 -1.75 0.14 -0.65 0.25 |High| yes | no
4. [1-(4-Isopropylphenyl)-2-methylpro pyl acetate -3.81 | -0.07 -0.12 -0.60 | -0.03 -0.31 0.07 |High| yes | no
5. |Patchouli alcohol -4,18 | -0.12 0.37 -0.88 0.55 -0.32 0.40 |High| Yes | no
Tricyclo[4.3.0.0(7,9)]nonane, 2,2,5,5, 8,8- i i i i i i i
6. hexamethyl-. (1.alpha..6.beta..7 .al pha..9. alpha.)- 498 | -0.32 0.03 0.65 0.26 0.52 0.06 |Low| no no
7. [1H-Purin-6-amine, N-((3-fluoropheny )methyl)- | -3.03 | 0.35 0.29 0.69 -1.39 -0.30 0.46 |High| yes | yes
8. Bisabolene -6.12 | -0.39 0.12 -0.84 0.11 -0.74 0.25 |[Low| no no
o, 133 4-Pentamethyl-6-t-hutyl-2,3-dihy-droin | 634 | 010 | 000 | 034 | 010 | 031 | 008 [Low| no | no
10. [Scopolamine-N-butyl -3.13 | 0.71 0.40 -0.10 | -0.28 0.15 0.48 |High| yes | yes
11, [y dodecanoyl-2-(L1Z-eicosenoyl)-gly ce-r0-3- | 14651 19 | 097 | 059 | -0.72 | -001 | -029 |Low| no | yes
phospho-(1'-sn-glycerol)

12.|Napelline -216 | 0.32 0.35 -0.29 0.57 0.16 0.41 |[High| yes | yes
13.[Taurodeoxycholate -455 | 0.16 0.09 -0.42 0.42 0.30 056 |[Low| no | yes
14. Moacamine -7.95 | -0.51 -1.59 -1.57 -1.46 -0.58 -1.23 |High| no no
15. (Ginsenoside F3 -6.41 | -1.00 -2.10 -1.94 | -1.56 -0.65 -0.95 |Low| no | yes
16. Isoschaftoside -255 | 0.10 -0.33 0.00 0.02 -0.00 0.33 |Low| no | yes
17.|Azadirachtin -5.20 | -0.71 -1.51 -1.46 | -0.67 -0.35 -0.71 |Low| no | yes
18. [E-Resveratrol trimethyl ether -4.22 | -0.14 -0.12 -0.13 -0.02 -0.29 -0.05 |High| yes | no
19.|Ginkgolide C -1.69 | 1.16 0.04 -0.23 0.07 0.26 028 |Low| no | yes
20.|Quinine -3.50 | 0.39 0.37 -0.05 0.10 0.18 0.11 |High| yes | no
21. Ergocristine -6.21 | 0.62 -0.53 -0.44 | -0.60 0.20 -0.26 | high| no | yes
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22. Demethoxycurcumin -4.76 | -0.04 -0.20 -0.26 0.18 -0.14 0.10 |High| no no
23.|Guan-fu base Y -144 | 0.08 0.01 -0.39 0.36 0.20 0.34 [High| no | yes
24. Cycloheximide -1.87 | -0.04 -0.21 -0.64 | -0.03 0.40 0.26  |High| no no
25.|Anabasamine -1.77 | 031 0.44 0.13 -0.35 -0.12 0.22 |High| yes | yes
26. Vincamine -3.67 | 0.25 0.06 -0.22 0.06 0.03 0.10 |High| yes | yes
27. |Artocarpin -7.59 | -0.01 -0.16 -0.09 041 -0.22 0.32 |High| no no
28. |[Rauwolscine -3.98 | 047 0.36 -0.14 | -0.03 0.11 0.16 |[High| yes | yes
29. |Lithocholenic Acid -6.76 | 0.35 0.33 -0.34 0.80 0.33 0.68 |[High| yes | no
30. Rotenone -5.13 | -0.07 -0.37 -0.53 0.21 -0.41 0.28 |High| yes | no
31. Silychrystin -4.66 | 0.25 -0.12 -0.10 0.04 -0.06 041 |Low| no no
32.|Speciosine -4.52 | -0.02 -0.04 -0.06 | -0.13 -0.15 0.07 |high| no | yes
33.|Apiin -3.99 | 0.8 -0.17 0.09 0.18 0.17 042 |Low| no | yes
34.|Gardnerine -271 | 0.61 0.38 -0.01 0.04 -0.15 0.13 |High| yes | yes
35. |Loganin -1.37 0.28 0.10 -0.25 0.14 0.13 047 |Low| no | yes
36. |Apigenin glucoside arabinoside -3.12 | 031 -0.23 0.13 | -0.03 0.03 0.57 |Low| no | yes
37.|Linolenic acid -7.04 | 0.33 0.23 -0.19 0.35 0.13 0.42 |High| yes | no
38. |Isocorydine -3.29 | 041 0.18 -0.13 | -0.15 -0.06 0.15 |High| yes | yes
39. Nantenine -3.76 | 0.39 0.20 -0.14 | -0.22 -0.13 0.12 |High| yes | yes
40. Phosphatidylcholine 15:0/18:1(112) -15.74| -0.51 -1.44 -1.20 | -1.45 -0.42 -0.76  |[Low| no | yes
41. |Luteolin-8-C-glucoside -3.62 | 0.12 -0.14 0.20 0.20 0.01 045 |Low| no no
42. Nicotiflorin -4.81 | -0.01 -0.43 -0.09 | -0.17 -0.04 0.18 [Low| no | yes
43. Hydroxygardnutine -148 | 054 0.31 -0.03 0.06 -0.14 0.18 |[High| yes | yes
44.|Phophatidylethanolamine(22:1/20:1) -16.91| -1.37 -2.58 -2.15 | -2.45 -0.95 -1.72 |Low| no | yes
45. Phosphatidylethanolamine 18:0-22:6 -13.39| -0.92 -2.11 -1.67 | -1.92 -0.61 -1.23 |Low| no | yes
46. Maritimetin-6-O-glucoside -3.85 | -0.62 -0.72 -0.28 | -0.32 -0.65 028 |[Low| no | yes
47. Ouabain -213 | 0.14 -0.26 -0.39 0.30 0.09 0.65 [Low| no no
48.14,4'-Diaponeurosporene -11.79] 0.10 0.14 -0.01 0.48 -0.08 032 |Low| no | yes
49, [(52:82,112,14Z 11Z-eicosapentaen oyl) -2- | 15 27| 304 | 248 | -220 | 235 | -0.88 | -161 |Low| no | yes
(9Z-nonadecenoyl)-glyce ro-3-phospho serine
50. Isorhamnetin-3-O-rutinoside -4.97 | -0.12 -0.66 -0.23 | -0.36 -0.13 0.02 |Low| no | yes
51. Paeoniflorin -1.94 | 0.24 0.16 -0.03 0.15 0.14 044 |Low| no | yes
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52. Procyanidin B1 -6.65 0.20 -0.33 -0.12 0.16 0.17 0.09 |Low| no no
53. cl)ii;gi'sga‘:h'donoy"S”'g'ycer°'3'ph°5ph° ethan | 1151| 094 | 213 | -165 | -1.94 | 062 | -125 |Low| no | yes
54. Phosphatidylcholine(14:0/18:3n6) -13.75| -0.33 -1.21 -1.01 | -1.25 -0.30 -0.56 |Low| no | yes
55. Hirsutine -4.27 0.42 0.31 -0.27 -0.16 -0.09 0.01 |High| yes | yes
56. [Taurochenodeoxycholate -411 | 021 0.11 -0.48 0.53 0.33 057 |Low| no | yes
[3-hexadecoxy-2-[(9Z,11E)-13-hydro xy octade
57.ca-9,11-dienoyl]oxy propyl] 2-(tri methylazaniu |-14.77| -0.52 -1.53 -1.31 | -151 -0.42 -0.76 |Low| no | yes
myl) ethyl phosphate
58. |Alpha-hederin -7.44 | -0.91 -2.12 -1.89 | -1.38 -0.56 -090 |Low| no | yes
59, povesapogenol B base + O-DDMP, O-HexA- 1 10.15| 330 | 368 | 372 | 355 | 280 | -318 |Low| no | yes
60. [Taurocholic acid -344 | 0.20 0.07 -0.42 0.50 0.32 062 |Low| no no
61. 3-0x0-C8-homoserine lactone -3.09 | -0.30 -0.37 -1.01 | -0.47 -0.08 0.08 |High| no no

*Log S- water solubility (ESOL); GPCR: G-Protein coupled receptor ligand; GI: Gastrointestinal absorption; BBB: Blood brain barrier
permeability; P-gp: P-glycoprotein substrate.
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Table 9. Predicted pharmacokinetic properties, medicinal chemistry, and drug-like qualities of the phytocompounds from the methanolic

extract of Parkia timoriana using SwissADME and Molinspiration tools.

Sl Phytocompound CYP1A2 |CYP2C19| CYP2C9 | CYP2D6 | CYP3A4 | Log Kp |PAINS|Brenk SAS*BASH
No. (P. timoriana) inhibitor*|inhibitor*|inhibitor*|inhibitor*|inhibitor*| (cm/s)* | (alert) | (alert)
1. | 3,7,11-Trimethyl-2,4-dodecadiene no no no no no -2.90 0 1 1412055
2. | 5-Ethyl-3-methyl-3,4-nonadien-6-yne no no no no no -4.30 0 1 [4.09]|0.55
3. |4-Isopropyl-3,4-dimethylcyclohexa-2,5-dienone no no no no no -5.40 0 0 |353]0.55
4. | 1-(4-1sopropylphenyl)-2-methylpro pylacetate no no no no no -4.82 0 0 |2.28]0.55
5. | Patchouli alcohol no no yes no no -4.78 0 0 [3.73]0.55
Tricyclo[4.3.0.0(7,9)]nonane, 2,2,5,5,8,8 -hexa
6. metﬁlyl—,[(1.alphz§1.,6.)t;|eta.,7.al pha.,9. alpha.)- no yes yes no no -3.85 0 0 |413)055
1H-Purin-6-amine, N-((3-fluorophenyl) yes no no no no -6.36 0 0 1203055
methyl)-
8. | Bisabolene yes no yes no no -3.05 0 1 13.46]0.55
9, | 1:1:3,34-Pentamethyl-6-t-butyl-2,3-dihy - no no no no no | 315 | 0 | 0 [222]055
droindene
10. | Scopolamine-N-butyl no no no no no -6.90 0 2 461|055
11 1-dodecanoyl-2-(1lz-eicosenoyl)-glyce-ro-3- no no no no yes 271 0 3 7820011
phospho-(1'-sn-glycerol)
12. | Napelline no no no no no -7.63 0 1 |6.16|0.55
13. | Taurodeoxycholate no no no no yes -7.83 0 1 |5.78|0.56
14. | Voacamine no no no no yes -6.29 0 2 7.99 | 0.55
15. | Ginsenoside F3 no no no no no -9.46 0 1 19.04|0.17
16. | Isoschaftoside no no no no no -11.30 0 0 |6.18]0.17
17. | Azadirachtin no no no no no -9.92 0 3 [811]0.17
18. | E-Resveratrol trimethyl ether yes yes yes yes no -5.03 0 1 ]240|0.55
19. | Ginkgolide C no no no no no -9.95 0 1 16.48)|0.55
20. | Quinine no no no yes no -6.23 0 1 4.34 1 0.55
21. | Ergocristine no no yes yes yes -7.17 0 0 6.36 | 0.55
22. | Demethoxycurcumin yes no yes no yes -6.01 0 2 2.82 | 0.55
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23. | Guan-fu base Y no no no no no -8.67 0 1 ]6.23|0.55
24. | Cycloheximide no no no no no -7.63 0 1 1317055
25. | Anabasamine no no no yes yes -6.74 0 0 3.06 | 0.55
26. | Vincamine no no no yes no -6.43 0 0 |4.49]0.55
27. | Artocarpin no yes no no no -4.90 0 1 4.43 | 0.55
28. | Rauwolscine no no no yes no -6.37 1 0 [421]055
29. | Lithocholenic Acid no no yes no no -4.48 0 1 5.3110.85
30. | Rotenone no yes yes yes yes -5.79 0 1 4.52 1 0.55
31. | Silychrystin no no no no yes -8.14 0 0 |4.88]0.55
32. | Speciosine no no no yes yes -6.93 1 0 [4.41]055
33. | Apiin no no no no no -10.00 0 0 6.08 | 0.17
34. | Gardnerine no no no yes no -6.82 1 1 4.64 | 0.55
35. | Loganin no no no no no -9.67 0 0 5.7710.11
36. | Apigenin glucoside arabinoside no no no no no -10.91 0 0 |6.18]0.17
37. | Linolenic acid yes no yes no no -3.41 0 1 [3.03|0.85
38. | Isocorydine yes no no yes yes -6.56 0 0 ]3.80]0.55
39. | Nantenine yes yes yes yes yes -6.07 0 0 3.7510.55
40. | Phosphatidylcholine 15:0/18:1(112) no no yes no yes -1.51 0 4 1791|055
41. | Luteolin-8-C-glucoside no no no no no -9.14 1 1 |5.17]0.17
42. | Nicotiflorin no no no no no -9.91 0 0 6.48 | 0.17
43. | Hydroxygardnutine no no no yes no -7.87 1 1 4.42 1 0.55
44. | Phophatidylethanolamine(22:1/20:1) no no no no no -1.55 0 3 [870]0.17
45. | Phosphatidylethanolamine 18:0-22:6 no no no no no -3.73 0 3 |8.16]0.17
46. | Maritimetin-6-O-glucoside no no no no no -8.77 1 2 |512]0.17
47. | Ouabain no no no no no -11.07 0 1 713|017
48. | 4,4'-Diaponeurosporene no no yes no no -0.39 0 2 [522]055
19 1-(52,82,112,14Z,17Z-e|cosapentaenoyl)--2- no no yes no no 487 0 3 836 | 0.11
(9Z-nonadecenoyl)-glyce ro-3phosp ho serine
50. | Isorhamnetin-3-O-rutinoside no no no no no -10.12 0 0 |6.64]0.17
51. | Paeoniflorin no no no no yes -9.96 0 0 5.51]0.55
52. | Procyanidin B1 no no no no yes -8.15 1 1 532017
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1,2-diarachidonoyl-sn-glycero-3-phospho

53. - no no yes no no -4.99 0 3 7.9310.17
ethanol amine

54. | Phosphatidylcholine(14:0/18:3n6) no no yes no yes -2.77 0 4 |7.60]|0.55

55. | Hirsutine no no no yes yes -6.11 1 2 14271055

56. | Taurochenodeoxycholate no no no no yes -8.13 0 1 |5.83|0.56
[3-hexadecoxy-2-[(9Z,11E)-13-hydroxy octade

57. | ca -9,11-dienoyl]oxy propyl] 2-(tri methylaza no no no no yes -2.31 0 3 [837]055
niumyl) ethyl phosphate

58. | Alpha-hederin no no no no no -8.30 0 2 8.75]0.11

59. El%i’(aAsapoge”O'Bbase+O'DDMP' O-HexA- no no no no no | 891 | 0 2 |9.92]011

60. | Taurocholic acid no no no no yes -8.98 0 1 ]5.93|0.11

61. | 3-ox0-C8-homoserine lactone no no no no no -6.39 0 1 |2.62|0.55

*CYP1A2 inhibitor: cytochrome P450 1A2 inhibitor; CYP2C19 inhibitor: cytochrome P450 2C19 inhibitor; CYP2C9 inhibitor:
cytochrome P450 2C9 inhibitor; CYP2D6 inhibitor: cytochrome P450 2D6 inhibitor; CYP3 A4 inhibitor: cytochrome P450 3A4 inhibitor;
Log Kp(cm/s): Skin Permeation; SAS: synthetic accessibility score; BAS: bio-availability score.
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Table 10. The binding affinity values of each phytocompound (ligand) found in Parkia

timoriana seed pods docked against BACE1 and AChE receptors acquired using the

autodock vina tool.

Sl Phytocompound (Ligand) Compound BACEl | AChE
No. (P. timoriana) ID (kcal/mol) (kcal/mol)
1. | 3,7,11-Trimethyl-2,4-dodecadiene 21599893 -5.3 -7.3
2. | 5-Ethyl-3-methyl-3,4-nonadien-6-yne 535138 -5.3 -6.2
3 4-Isopropyl-3,4-dimethylcyclohexa- 578926 65 70
2,5-dienone
4 1-(4-Isopropylphenyl)-2-methylpropyl 154574010 79 78
acetate
5. | Patchouli alcohol 10955174 -6.7 -6.5
Tricyclo[4.3.0.0(7,9)]nonane, 2,2,5,5,8,
6. | 8-hexamethyl-, (1.alpha.,6.beta.,7.alpha 549738 -6.9 -7.3
,9.alpha.)-
7 1H-Purin-6-amine, N-((3-fluorophenyl) 6455415 78 91
methyl)-
8. | Bisabolene 3033866 -7.3 -8.2
9 1,1,3,(_’),4-Pentamethyl-6-t-buty|-2,3-di 1FVNmyIG7Pj 78 79
hydroindene
10. | Scopolamine-N-butyl 9004 -7.9 -7.1
11 1-dodecanoy|-2-(Illz-eicosenoyl)-glyc 52926324 6.0 6.9
ero-3-phospho-(1'-sn-glycerol)
12. | Napelline 441749 -8.5 -8.2
13. | Taurodeoxycholate 2733768 -8.7 -9.1
14. | Voacamine 11953931 -10.1 -8.0
15. | Ginsenoside F3 46887678 -9.7 -8.3
16. | Isoschaftoside 3084995 -9.7 -9.6
17. | Azadirachtin 5281303 -8.6 -6.8
18. | E-Resveratrol trimethyl ether 5388063 -7.2 -8.3
19. | Ginkgolide C 24721502 -8.2 -6.5
20. | Quinine 3034034 -8.0 -8.0
21. | Ergocristine 31116 -10.3 9.2
22. | Demethoxycurcumin 5469424 -8.3 -9.4
23. | Guan-fu base Y 3101182 -8.2 -7.8
24. | Cycloheximide 6197 -1.7 -9.1
25. | Anabasamine 161313 -7.6 -8.8
26. | Vincamine 15376 -8.7 -7.1
27. | Artocarpin 5458461 -8.7 -9.0
28. | Rauwolscine 643606 -9.3 -8.6
29. | Lithocholenic Acid 5283972 -8.3 -8.5
30. | Rotenone 6758 -8.8 -9.4
31. | Silychrystin 4481797 9.7 -9.8
32. | Speciosine 330188 -7.9 -8.2
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33. | Apiin 5280746 -9.9 -10.3
34. | Gardnerine 6445140 -8.6 -8.4
35. | Loganin 87691 -7.5 -9.8
36. | Apigenin glucoside arabinoside 131750832 -9.8 -7.4
37. | Linolenic acid 5280934 -5.7 -7.4
38. | Isocorydine 10143 -1.7 -8.5
39. | Nantenine 197001 -8.3 -7.9
40. | Phosphatidylcholine 15:0/18:1(112) 24778662 -6.6 -6.6
41. | Luteolin-8-C-glucoside 5281675 -9.3 -8.8
42. | Nicotiflorin 5318767 -10.2 8.1
43. | Hydroxygardnutine 12310668 -8.0 -8.4
44. | Phophatidylethanolamine(22:1/20:1) 53479865 -6.2 -6.0
45. | Phosphatidylethanolamine 18:0-22:6 6426737 -6.4 -6.3
46. | Maritimetin-6-O-glucoside 6450184 -9.4 -10.3
47. | Ouabain 439501 -9.0 -7.2
48. | 4,4'-Diaponeurosporene 6443791 -7.5 -8.8
1-(52,82,117,14Z,17Z-eicosapentaen 71
49. | oyl)-2-(9Z-nonadecenoyl)-glycero-3- 52925775 -6.6 '
phosphoserine
50. | Isorhamnetin-3-O-rutinoside 5481663 -10.1 -8.1
51. | Paeoniflorin 442534 -9.1 -10.2
52. | Procyanidin B1 11250133 -9.7 -8.6
53 1,2-diarachidonoyl_—sn-glycero-3- 59924874 6.9 6.0
phosphoethanolamine
54. | Phosphatidylcholine(14:0/18:3n6) 52922220 -6.6 -6.8
55. | Hirsutine 3037884 -8.1 -7.6
56. | Taurochenodeoxycholate 387316 -8.9 -9.2
[3-hexadecoxy-2-[(9Z,11E)-13-hydro
57. | xyoctadeca-9,11-dienoyl]oxypropyl] 2- 134778782 -5.8 -6.7
(trimethylazaniumyl)ethyl phosphate
58. | Alpha-hederin 73296 -8.8 -7.2
Soyasapogenol B base + O-DDMP, O-
59. HexA-HexA 139292121 9.1 7.7
60. | Taurocholic acid 6675 -8.6 -9.1
61. | 3-0x0-C8-homoserine lactone 4476497 -5.9 -7.4
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Table 11. The predicted affinity for binding and interaction between the residues of

the BACE] receptor and the most potent phytocompounds of Parkia timoriana seed

pods.
Binding Docked complex (BACE1-ligand) interactions
Ligand affinity | Hydrogen . Hydrophobic .
(keal/mol) bond Distance(A) bond Distance(A)
TYRT71 6.42 TRP 76 7.03
ASP 32 5.95 PRO 70 7.97
Ergocristine -10.3 PHE 108 5.87
LYS 107 6.58
TYR71 3.99,4.47,4.26
LYS 107 4.93 TYR71 5.42,5.07,4.22
ILE 126 4.57 PHE 108 5.07,6.74
TP THR 231 3.34
Nicotiflorin -10.2 GLY 74 3.73
VAL 69 3.25

TRP 76 3.85,5.02
THR 231 4.84,3.21 TYRT71 6.79,5.42,4.94,4.16

Isorhamnetin - LYS 107 4.81 PHE 108 6.86,5.14
3-0-— -10.1 GLN 73 6.01
rutinoside ILE 126 4.15
ARG 128 6.32
TRP 76 6.27 PHE 108 5.07
TYR71 5.91 LEU 30 5.72
ILE 126 3.76 VAL 69 5.43
Voacamine 101 PRO 70 5.15 TYR 198 6.32
ILE 126 3.76
ILE 118 6.64
TRP 76 6.27,5.79

TYR71 5.41,4.70,5.36,5.91
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Table 12. The predicted affinity for binding and interaction between the residues of
the AChE receptor and the most potent phytocompounds (ligands) of Parkia timoriana

seed pods.
Binding Docked complex (AChE-ligand) interactions
Ligand (I?Iglr/]rlr?él) Hygiorrc])gen Distance(A) Hydtr)gﬁZOblc Distance(A)
GLU 202 5.66 TRP 86 4.10
SER 125 4.43 TYR 124 6.15
Apiin -10.3 ASN 87 5.00 TYR 341 4.14
TYR 341 4.89
TYR 124 5.80
Maritimetin- PHE 295 4.22 TRP 86 4.85
6-O- -10.3 TYR72 5.59 TYR 337 5.92
glucoside SER 125 4.12 TYR 124 6.83, 6.47
ASN 87 | 3.83,4.11 TRP 286 7.35
SER 125 | 4.42,4.22 TRP 86 4.86
e PHE 295 4.11
Paenoniflorin|  -10.2 GLY 122 3.62
TYR 341 5.71
HIS 447 5.05
TYR 341 6.56 TYR 341 4.85, 5.33
TYR 124 6.42 TYR 124 6.42
. . TYR 72 5.64
Silychrystin -9.8 612 6.68.3.95
TRP 286 541
LEU 76 6.62
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Table 13. Examination of the stability, compactness, and fluctuation of the most

potent phytocompounds found in methanolic extract of Parkia timoriana seed pods

docked with the BACEI receptor.

Sl.

No Compounds | RMSD (nm) | RMSF (nm) Rg (nm) H-bond

1 | Ergocristine | 0.184045229 | 0.103447970 | 2.114483547 | 0.666066787

2 | Nicotiflorin 0.215964255 | 0.117904600 | 2.142448600 | 4.940011998

g | Isorhamnetin- 1 o) 005947 | 0.130892683 | 2.144187091 | 3.880823840
3-O-rutinoside

4 | Voacamine 0.217927569 | 0.117304070 | 2.144168660 | 0.173165370
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Table 14. Examination of the stability, compactness, and fluctuation of the most

potent phytocompounds found in methanolic extract of Parkia timoriana seed pods

docked with the AChE receptor.

Sld Compounds | RMSD (nm) | RMSF (nm) Rg (nm) H-bond

1 | Apiin 0.2530555 | 0.1235134 | 2.339719684 | 1.881223755

p | Manitimetin- 1 g o 13005707 | 0.115025279 | 2.33141063 | 3.271545691
6-O-glucoside

3 | Paconiflorin | 0.246054716 | 0.114932528 | 2.337643277 | 2.769246151

4 |Silychrystin | 0.23892445 | 0.11436375 | 2.32408877 | 0.23515297
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Table 15. Total binding energy (kJ/mol) analysis by MMPBSA approach of the most potent phytocompounds found in methanolic extract

of Parkia timoriana seed pods docked with the BACELI receptor.

SI. Compounds Van der Waals Electrostatic Polar solvation SASA energy Total binding
No. P energy (kJ/mol) | energy (kJ/mol) | energy (kJ/mol) (kJ/mol) energy (kJ/mol)
1 | Ergocristine -228.468 + 19.339 | -262.208 + 19.448 | 225.008 + 30.094 | -22.963 +1.515 | -288.631 + 16.489
2 | Nicotiflorin -231.022 + 16.521 | -120.005 +24.740 | 272.354 + 31.907 -24.116 +1.263 | -102.789 + 17.818
g | lsorhamnetin- | o) ooy 53170 | 122,670 £ 35,580 | 242.760 +34.343 | -23.093 + 1.688 | -107.567 + 23.195
3-O-rutinoside
4 | Voacamine -227.962 + 32.054 | -383.451 +47.688 | 219.879 + 46.000 | -26.418 £2.029 | -417.951 + 31.736
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Table 16. Total binding energy (kJ/mol) analysis by MMPBSA approach of the most potent phytocompounds found in methanolic extract

of Parkia timoriana seed pods docked with the AChE receptor.

Sl Compounds Van der Waals Electrostatic energy | Polar solvation SASA energy Total binding

No. b energy (kJ/mol) (kJ/mol) energy (kJ/mol) (kJ/mol) energy (kJ/mol)
1 | Apiin -226.555 + 16.657 -43.483 £ 21.363 200.269 + 31.647 | -23.937 £1.655 | -93.705 + 19.494
2 I(\)/Izr:l?cn;g.tg;e; -199.870+ 18.260 | -91.140+28.849 | 244,650 + 32.811 | -22.494 +1.121 | -68.854 + 24.995
3 | Paeoniflorin -220.420 + 18.719 -55.838 + 24.255 188.791 + 31.768 | -22.549 +1.301 | -110.015 + 20.417
4 | Silychrystin -151.640 + 20.690 -388.413 + 33.453 | 172.585+ 38.116 | -17.917 +1.684 | -385.386 + 18.965
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3.5. DISCUSSIONS
3.5.1. ADMET

The primary and difficult stage in the process of discovering and developing drugs is
evaluating the ADMET characteristics of a compound. These factors describe how a
drug is absorbed, digested, metabolised, distributed, and excreted out from the body
(Daina et al., 2017; Egbuna et al., 2021). It is necessary to screen the ADMET
characteristics of a compound in order to find the lead compounds for drug
development, in order to prevent the medicine from failing during clinical trials.
Consequently, computational approaches continue to be the most efficient and
economical methods for screening medicinal compounds (Omoboyowa et al., 2021).
Forty compounds showed drug-likeness properties as indicated by Lipinski’s rule of
five. The acceptable range for the Lipinski rule of five parameters are as follows: a)
molecular weight= 50 to 500; b) number of H-bond acceptors= 0 to 10; c) number of
H-bond donors= 0 to 5; d) number of rotatable bonds= 0 to 5. Any compound that
violates two or more of these parameters are said to fail as a drug candidate (Lipinski,
2004). Thirty-two compounds were considered to have a good affinity for a lipophilic
environment (lipophilicity/iLogP). There are thirty-one chemicals that have the
capacity to be absorbed by the body when taken orally and have the ability to reach
certain target areas inside the body as per their TPSA values. Forty-eight compounds
have non-hydrogen atoms that falls under the acceptable range. Sixteen compounds
possess an acceptable molar volume that influences the transport properties of a
molecule. Thirty-six compounds were in the acceptable range of molar refractivity. In
addition to the molecular volume, molar refractivity is also correlated with the London
dispersive forces involved in the interaction between drug and receptor (Padron et al.,
2002). No compound was found highly soluble as per LogS value. However, six
compounds showed solubility, twenty compounds slightly soluble, and thirty-five
compounds lack solubility. The acceptable range for the above criteria of drug-likeness
are; a) number of heavy atoms= 15-50; b) molecular volume= 500-2000; c¢) iLogP=
0.7-5.0; d) TPSA= 20-130; e) Log S= > 0 highly soluble, 0 to -2 soluble, -2 to -4
slightly soluble, and < -4 insoluble; f) molar refractivity= 40-130 (Veber et al., 2002;
Ertl and Schuffenhauer, 2009; Daina et al., 2014).
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Twenty-seven out of sixty-one phytocompounds revealed high absorption in the
gastrointestinal tract. The limited absorption of drugs in the gastrointestinal (GI) tract
often restricts their delivery to parenteral methods (Abramson et al., 2019). Twenty
compounds showed blood-brain barrier permeation. Blood-brain barrier permeation is
important for efficient development of central nervous system (CNS) drugs as it relies
heavily on effectively overcoming the challenges posed by the blood-brain barrier
(BBB) (Pardridge, 2009). With respect to G-protein coupled receptor ligand, ion
channel modulator, kinase inhibitor, nuclear receptor ligand, protease inhibitor, and
enzyme inhibitor, all the sixty-one phytocompounds of Parkia timoriana fall under the
category of active and moderately active drugs. The mentioned parameters with scores
> () was deemed indicative of an active drug, while scores ranging from -5.0 to -0.0
were regarded moderately active medications, and scores < -5.0 were classified as
inactive pharmaceuticals (Molinspiration cheminformatics, 2022; Daina and
Zoete, 2016). Thirty-eight phytocompounds successfully met the P-gp (P-
Glycoprotein) substrate criteria. P-glycoprotein (Pgp) is an exemplary drug transporter
that is clinically significant owing to its wide-ranging specificity and its impact on the
absorption, distribution, metabolism, excretion, and toxicity (ADMET) characteristics
of medicines (Prachayasittikul and Prachayasittikul, 2016). Rauwolscine,
speciosine, gardnerine, luteolin-8-C-glucoside, hydroxygardnutine, maritimetin-6-O-
glucoside, procyanidin B1, and hirsutine were alert for PAINS filters, which means
they have the probability of giving false positive results (Baell and Holloway, 2010).
Nineteen phytocompounds did not show alert for BRENK, therefore considered to
have good pharmacokinetics (Brenk etal.,, 2008). The majority of the
phytocompounds had lesser skin permeability, with isoschaftoside considered the least
skin permeability, followed by ouabain, apigenin glucoside arabinoside, and
isorhamnetin-3-O-rutinoside since a more negative value indicate a lesser permeability
to the skin (Potts and Guy, 1992). The synthetic accessibility score showed that the
ease of synthesis of majority of the phytocompounds is moderate as the score 1 indicate
easy to synthesize, while a score of 10 is very difficult to be synthesize as a drug (Ertl
and Schuffenhauer, 2009). The majority of the compounds indicated good oral
bioavailability, as a score > 0.55 shows good bioavailability (Khalfaoui et al., 2021).
The majority (thirty-nine) of the phytocompounds inhibited one or the other enzyme
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of the cytochrome p450 enzyme complex. This inhibition leads to reduced metabolism
of the compounds. In the case of most medications, this may result in higher amounts
of the unchanged substance in the blood, which increases the risk of toxicity (Ogu and
Maxa, 2000). Several lead ligand compounds in this research failed to meet the criteria
for ADMET properties. Nevertheless, research has shown that there are some
constraints when it comes to accurately forecasting the drug-like properties and

physicochemical characteristics of ligand molecules (Neidle, 2012; Schneider, 2013).
3.5.2. Molecular docking

The current study aims to identify novel inhibitors of BACE1 and AChE protein
receptors from phytocompounds found in the methanolic extract of P. timoriana seed
pods, with the purpose of assisting in the treatment of Alzheimer's disease. BACEI is
the primary receptor that has to be targeted in order to stop the harmful effects of Af,
which ultimately leads to the development of toxic amyloids and the death of neurons
(Moussa-Pacha et al., 2020; Machauer et al., 2021). The cholinergic hypothesis of
Alzheimer's disease states that the destruction of cholinergic neurons in the brain and
the decrease in cholinergic transmission (resulting in a deficiency of acetylcholine,
serotonin, and noradrenaline) are responsible for the development of cognitive and
non-cognitive symptoms in patients with Alzheimer's disease (Lunardi, 2010;

Marucci et al., 2021).

Based on the findings of molecular docking, the majority of ligands exhibited a strong
binding affinity for both BACE1 and AChE receptors. The analysis of the findings
revealed that the compounds exhibit binding affinities ranging from -5.3 kcal/mol to -
10.3 kcal/mol for BACE1, and from -6.0 kcal/mol to -10.3 kcal/mol for AChE. Among
the sixty-one compounds, sixteen compounds, including ergocristine, nicotiflorin,
voacamine, isorhamnetin-3-O rutinoside, apiin, apigenin glucoside arabinoside,
ginsenoside F3, isoschaftoside, silychrystin, procyanidin Bl, maritimetin-6-O-
glucoside, rauwolscine, luteolin-8-C-glucoside, paeoniflorin, soyasapogenol B base +
O-DDMP, O-HexA-HexA, and ouabain exhibited a binding affinity of <-9.0 kcal/mol
for BACEI1. Additionally, fifteen compounds, including 1H-Purin-6-amine, N-((3-

fluorophenyl) methyl)-, taurodeoxycholate, isoschaftoside, silychrystin, ergocristine,
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demethoxycurcumin, cycloheximide, artocarpin, rotenone, apiin, loganin,
maritimetin-6-O-glucoside, paeoniflorin, taurochenodeoxycholate, and taurocholic
acid) for AChE showed a binding affinity of < -9.0 kcal/mol. The compounds that had
a binding energy value of < -9.0 kcal/mol being chosen to identify the highest rated
compounds for inhibiting the target receptors (Ul Haq et al., 2017). Different studies
have shown that ouabain (Song et al., 2019), voacamine (Currais et al., 2014),
isorhamnetin-3-O rutinoside (Mahnashi et al., 2023), apigenin (Venigalla et al.,
2015), isoschaftoside (Madi et al., 2020), procyanidin B1 (Qian et al., 2022), luteolin
(Choi et al., 2014), paconiflorin (Meng et al., 2022), taurodeoxycholate (Elhabak et
al., 2023), demethoxycurcumin (Villaflores et al., 2012), cycloheximide (Zhong et
al., 2021), and loganin (Nie et al., 2021) have ameliorative effects of cognitive

impairments and pathogenic burden in Alzheimer’s disease treatment.
3.5.3. Molecular dynamics simulation

A molecular dynamics (MD) simulation study was performed on the most significant
protein-ligand complexes. These complexes have a strong binding affinity (< -10.1
kcal/mol for BACEI and < -9.8 kcal/mol for AChE) to the active site of the receptors,
which aids in evaluating their docking. Various parameters, including RMSD, RMSF,
H-bonds, Rg, non-bonded interactions, and hydrophobic interactions, were analysed
to assess the stability, compactness, and folding of the structures. The study's findings
revealed that the lead ligands formed stable complexes with the BACE1 and AChE
receptors, as evidenced by their low RMSD values. This indicates the structural
stability and low mobility of the ligand-receptor during simulation. Additionally, the
low RMSF value suggests the compactness and stability of the amino acid residues of
the BACEI and AChE receptors throughout the simulation process. In addition, the
stability of the bound complexes (BACEI-ligand and AChE-ligand complexes) was
evaluated using the Radius of Gyration (Rg). The findings indicated a low Rg value,
which corroborated the great compactness and proper folding of the protein receptors
when complexed with the lead ligands. The number of H-bonds between the ligand
and receptor within the complex further proved the stability of the complex, as a decent
number of hydrogen bonds were formed throughout the simulation for almost all the

receptor-ligand complexes (Majumder et al., 2022). However, despite the fact that
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the complexes formed have almost identical binding affinities, there was a notable
disparity in the formation of hydrogen bonds in the solvent environment among the
complexes formed in both the receptors for the lead ligands. This might be attributed
to the strong influence of the solvent on the binding of the ligand (Rafi et al., 2022).

3.5.4. Free energy binding

The total binding free energy of the receptor-ligand complex for the top lead ligands
was calculated for the 100 ns MD simulation trajectories using the MM-PBSA method.
This calculation took into account the non-bonded interaction energies, specifically
the Ev (van der Waal's energy), Ee (electrostatics energy), and the Gp (polar energy)
and Gnp (nonpolar solvation energy, SASA). According to the outcome, all of the
bound complexes exhibited a very favourable total binding energy, thereby providing
more evidence of the complexes' stability. The transition states of all the complexed
structure, as seen in terms of Ex, exhibited reduced fluctuations. This suggests that
there were consistent and enduring interactions between the receptor and ligand
complex throughout the 100 ns simulation period. Residual disintegration analysis
reveals that the lead ligands are coupled to the BACE]1 receptor via identical amino
acid residues (Figure 16B). Similarly, identical amino acid residues of AChE were
involved in binding with the lead ligands (Figure 17B). The study also examined the
main energy contribution of the BACEI receptor's amino acids in the binding of lead
ligands (ergocristine, nicotiflorin, isorhamnetin-3-O-rutinoside, and voacamine) at the
active site. The residues TYR 71, ASP 106, ASP 228, PHE 108, SER 35, ASP 32, and
ASP 223 of the BACEI] receptor played a significant role in the intermolecular
interaction and the binding of the ligands. However, in complexes involving AChE and
ligands, distinct amino acid residues played a role in contributing to the binding energy
for each of the lead ligands. Low Ex values were reported in the docked complexes,
indicating strong and stable protein-ligand complex binding, which is mainly

contributed by Ev, Eg, and Enp intermolecular interactions (Sharma et al., 2020).
3.5.5. Principal component analysis

Principal Component Analysis was used to assess the structural phase space and

transition dynamics of the principal components, namely PCA1 and PCA2, in order to
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determine the stability of the receptor-ligand complexes. The analysis focused on the
Ca atoms. The PCA plots illustrate the positive (Ca atoms moving in the same
direction) and negative (Co atoms moving in the opposite direction) extremes of
eigenvector 1 and eigenvector 2. The motion of Ca atoms in the receptor, when
interacting with different ligands, exhibited consistent, parallel, and comparable
movement. The receptor-ligand complexes were examined and their eigenvector
values were determined using a diagonalized covariance matrix. The first and second
principal components (PCA1 and PCA2) of the BACEI and AChE complexes, when
bound to their ligands, exhibited less pronounced conformational changes. This
suggests that the movements of the carbon atoms were more restricted, perhaps owing
to the formation of intermolecular interactions, namely hydrogen bonds, between the
receptor and the ligands (Macalalad and Gonzales, 2022). Moreover, it is evident that
the ligands stay consistently bound to the active site of the BACE1 and AChE receptors
without undergoing any structural alterations, suggesting that the ligand molecules are

in harmony with the target receptor.
3.6. KEY FINDINGS

e From the ADMET studies, forty compounds showed drug-likeness properties
as indicated by Lipinski’s rule of five, thirty-two compounds were considered
to have a good affinity for a lipophilic environment, thirty-one compounds that
have the capacity to be absorbed by the body when taken orally and have the
ability to reach certain target areas inside the body as per their TPSA value,
forty-eight compounds have non-hydrogen atoms that falls under the
acceptable range, sixteen compounds possess an acceptable molar volume, and
thirty-six compounds were in the acceptable range of molar refractivity. No
compound was found highly soluble as per LogS value. However, six
compounds showed solubility, twenty compounds slightly soluble, and thirty-
five compounds lack solubility.

e Additionally, twenty-seven phytocompounds revealed high absorption in the
gastrointestinal tract, and twenty compounds showed blood-brain barrier
permeation. With respect to GPCR, ion channel modulator, kinase inhibitor,

nuclear receptor ligand, protease inhibitor, and enzyme inhibitor, all the sixty-
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one phytocompounds of Parkia timoriana fall under the category of active and
moderately active drugs. Thirty-eight phytocompounds successfully met the P-
gp substrate criteria, fifty-three showed no alert for PAINS filters, and nineteen
phytocompounds did not show alert for BRENK. The majority of the
phytocompounds had lesser skin permeability. Similarly, the majority of the
compounds indicated good oral bioavailability and can be moderately
synthesize. Thirty-nine compounds inhibited one or the other enzyme of the
cytochrome p450 enzyme complex.

The molecular docking analysis revealed that the phytocompounds from the
methanolic extract of Parkia timoriana seed pods strongly bind to BACE1 and
AChE receptors, with binding affinities ranging from -5.3 kcal/mol to -10.3
kcal/mol against the BACE1 receptor and from -6.0 kcal/mol to -10.3 kcal/mol
against the AChE receptor. Sixteen and fifteen phytocompounds had binding
affinity < -9.0 kcal/mol against BACE1 and AChE, respectively.

The selected top hit ligands for the BACE1 receptor include ergocristine as the
best-ranked ligand with a binding affinity of -10.3 kcal/mol, followed by
nicotiflorin, voacamine, and isorhamnetin-3-O-rutinoside with binding affinity
of'-10.2 kcal/mol, -10.1 kcal/mol, and -10.1 kcal/mol, respectively.

The top hit ligands for the AChE receptor include apiin and maritimetin-6-O-
glucoside as the best binding ligands with binding affinity of -10.3 kcal/mol
each, followed by paeoniflorin and silychrystin with binding affinity of -10.2
kcal/mol and 9.8 kcal/mol, respectively.

TRP76, PHE108, TYR71, LYS107, and ILE126 were the most common
residues of BACE1, among the other interacting residues, that were interacting
with the top hit ligands through hydrogen and hydrophobic bonds and therefore
may be important in ligand binding.

SER125, TYR341, TYR124, and TRP86 were the most common residues of
AChE, among the other interacting residues, that were interacting with the top
hit ligands through hydrogen and hydrophobic bonds and therefore may be

important in ligand binding.
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The MD simulation studies confirmed that the top hit ligands formed a stable
complex with BACE1 having RMSD, RMSF, and Rg values of ~0.2 nm, ~0.1
nm, and ~2.0 nm, respectively. However, the BACE1-nicotiflorin and BACE1-
isorhamnetin-3-O-rutinoside complexes formed a significantly higher number
of H-bonds of 4.94 and 3.88, respectively, compared to the other complexes.
Similarly, the MD simulation studies confirmed that the top hit ligands formed
a stable complex with AChE having RMSD, RMSF, and Rg values as ~0.24
nm, ~0.11, and ~2.3 nm, respectively. On the other hand, the AChE-
maritimetin-6-O glucoside and AChE-paeoniflorin complexes formed a higher
number of H-bond of 3.27 and 2.76, respectively, compared to the other
complexes.

The binding free energy calculation for BACE1 by MM/PBSA method showed
that all the simulated complexes formed a strong bonding complex, with
BACE!1-voacamine complex showing exceptionally high binding free energy
of -417.951 + 31.736 kJ/mol.

Similarly, the binding free energy calculation for AChE by MM/PBSA method
showed that all the simulated complexes aslo formed a strong bonding
complex, with AChE-silychristin complex showing exceptionally high binding
free energy of -385.386 + 18.965 kJ/mol.

The main energy contribution of the BACE] receptor's amino acids in the
binding of lead ligands at the active site indicated that residues TYR 71, ASP
106, ASP 228, PHE 108, SER 35, ASP 32, and ASP 223 of the BACE1 receptor
played a significant role in the intermolecular interaction and the binding of the
ligands. However, in complexes involving AChE and ligands, distinct amino
acid residues played a role in contributing to the binding energy for each of the
lead ligands.

The principal component analysis showed that the Ca of both BACEI and
AChE when complexed with the top hit ligands occupied very less phase space

further confirming the stability of the complex formed.
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CHAPTER-4
4.1. INTRODUCTION
4.1.1. Toxicity study
4.1.1.1. Acute toxicity test

Acute toxicity is commonly defined as the negative changes that occur immediately or
shortly after being exposed to a substance or substances. It can also refer to the adverse
effects that happen shortly after taking a single dose of a substance or multiple doses
within a 24-hour period. An adverse effect refers to any outcome that causes functional
impairment and/or biochemical damage, which might impact the overall performance
of an organism or hinder its capacity to adapt to further challenges (Sass, 2000;
Rhodes, 1993). Therefore, a substance that enters the body via the mouth within a
certain timeframe and causes any harmful effects with little delay is considered orally
and acutely hazardous. Nevertheless, the phrase acute oral toxicity is mostly used in
relation to lethality and the measurement of LDso. Chemicals are classified based on
their LDso value, which is the dosage of a drug that is statistically likely to cause death
in 50% of the animals in an experimental group (Gribaldo et al., 2005; Walum, 1998).

The primary objectives of acute toxicity testing are to gather data on the biological
activity of a chemical and to get a deeper understanding of its mechanism of action.
Moreover, the data obtained from the test about acute systemic toxicity is used for the
purpose of identifying potential hazards and managing risks associated with the
manufacture, handling, and utilisation of chemicals (Gribaldo et al., 2005). The LDso
value, whether accurate or approximate, serves as the foundation for the toxicological
categorization of chemicals. Consequently, it is often unnecessary to get an accurate
LDso value in the research. Therefore, testing is conducted at the highest thresholds of

danger categorization levels (Schrage, 2011).

Currently, it is mandated by government bodies in many circumstances for the study
of acute toxicity. Consequently, the evaluation of chemicals and agrochemicals
globally still necessitates the study of acute oral toxicity (Schrage, 2011). The

Organisation for Economic Co-operation and Development (OECD) recommends the
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use of oral LDs values. The OECD classifies substances based on their toxicity levels:
very toxic, < 5 mg/kg body weight; toxic, > 5 < 50 mg/kg; harmful, >50<500 mg/kg;
and no label, > 500 <2000 mg/kg (Walum, 1998).

4.1.1.2. Sub-acute toxicity

Subacute toxicity studies are performed to assess the possible negative effects of a new
medicine after a treatment period of 2-4 weeks. This study presents details on the
potential health risks that may occur as a result of frequent and limited-term exposure
(OECD, 2008). Subacute toxicity studies are performed as preliminary investigations
to determine appropriate dose levels for further sub-chronic and chronic toxicity
studies. Furthermore, subacute toxicity studies might provide further evidence for the
first clinical trials, during which the treatment period may extend up to 4 weeks. These
studies aim to evaluate the advancement and reversal of drug-induced damage
(Colerangle, 2017). The test substance is supplied on a daily basis for a predetermined
period of time. Dosages are often determined based on data gathered from acute
toxicity studies, which include the use of LD50 and the slope of the dose response
curve (Agrawal and Paridhavi, 2007). It is important to accurately identify the target
organs affected by toxicity and assess the potential reversibility of the toxic effects.
The maximum dosage used in these experiments is intentionally chosen to elicit
toxicity. A minimal dosage is used in order to determine the No Observed Adverse
Effect Level (NOAEL). Whenever feasible, the NOAEL (No Observed Adverse Effect
Level) dosage should be chosen to be a sufficient multiple of the anticipated maximum

clinical dose (Colerangle, 2017).
4.1.1.3. Liver function test

The liver is the primary site of metabolism and drug biotransformation, making liver
cells a suitable option for toxicological and pharmacological testing (Soldatow et al.,
2013). Chemical-induced liver toxicity often occurs due to the combined effects of
general cell type-nonspecific cytotoxicity and liver tissue-specific toxicity (Tabernilla
et al., 2021). Drug-induced liver damage is a significant contributor to liver
dysfunction. It may result in a variety of symptoms, ranging from mild, non-specific

symptoms such as asymptomatic transaminitis, acute hepatitis, chronic hepatitis, and
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cholestasis to liver failure (Alempijevic et al., 2017). It may be triggered by a wide
range of prescription medicines, natural remedies, and nutritional supplements (Holt

and Ju, 2010).

Typically, drug-induced liver damage results in a mild to moderate increase in liver
tests. However, in exceptional circumstances, it might result in deadly consequences
(Garcia Rodriguez et al., 1997). It may lead to an increase in liver enzymes such as
alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline
phosphatase (ALP), gamma-glutamyl transferase (GGT), and total bilirubin (Ye et al.,
2018). Signs of severe liver damage include increased levels of bilirubin in the blood,
decreased albumin levels, and impaired blood coagulation (Yu et al., 2017). In
hepatocellular drug-induced liver damage, the level of ALT is higher compared to ALP.
Conversely, in cholestatic liver injury, the level of ALP is higher compared to ALT
(Katarey and Verma, 2016). In 2011, the International Serious Adverse Events
Consortium (iISAEC) proposed revised biochemical criteria for detecting drug-induced
liver damage, which include meeting any of the following criteria: a) Elevated alanine
transferase levels equal to or above 5 times the upper limit of normal (ULN); b)
Alkaline phosphatase levels equal to or higher than twice the ULN, particularly in
patients with increased 5'-nucleotidase or GGT, and without elevation of ALP due to
bone diseases; ¢) Alanine transferase levels equal to or higher than three times the ULN

and total bilirubin levels equal to or higher than twice the ULN (Aithal et al., 2011).
4.1.1.4. Kidney function test

The kidneys have a crucial function in eliminating waste products and toxins, such as
creatinine, urea, and uric acid. They also regulate the volume of fluid outside the cells,
the concentration of electrolytes, and the osmolality of the blood serum. Additionally,
the kidneys produce hormones like erythropoietin, 1,25 dihydroxy vitamin D, and
renin (Okoro and Farate, 2019; Damiati, 2019). Various clinical laboratory tests are
valuable for exploring and assessing kidney function. Creatinine is the most often used
endogenous marker for evaluating glomerular function. Creatinine is a metabolic
waste product derived from creatine phosphate in muscle tissue, and it is generated by

the body at a consistent pace. The kidney is primarily responsible for completely
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removing creatinine from the bloodstream. Reduced renal clearance leads to elevated

levels of creatinine in the bloodstream (Gounden et al., 2023).

Urea, also known as BUN (blood urea nitrogen), is a nitrogenous substance that is
produced in the liver as the final result of protein metabolism and the urea cycle.
Approximately 85% of urea is excreted via the renal system, while the remaining
portion is removed through the gastrointestinal (GI) tract. Conditions characterised by
reduced renal clearance led to an elevation in serum urea levels (Kamianowska et al.,

2019).
4.1.1.5. Haematological parameters

The evaluation of haematological parameters may be used to diagnose the harmful
effects of foreign substances on the blood components of an animal (Ashafa et al.,
2012). Administering chemical substances at dangerous dosages sometimes leads to
alterations in blood parameters that are symptomatic of haematological illnesses, such
as anaemia, which is characterised by a low level of haemoglobin (Price and Schrier,
2008). Neutropenia is a condition characterised by a decrease in the production of
white blood cells or an increase in their utilisation and destruction, or both (Bodey et
al., 1982). Thrombocytopenia is a condition where there is a decrease in the number
of platelets due to reduced platelet production, shorter platelet survival, and dilution
of platelet numbers resulting from the transfusion of blood with a low platelet count.
Malignancies such as leukaemia, lymphoma, and myeloma are also associated with

these conditions (Bradbury and Murray, 2013; I1zak and Bussel, 2014).

Blood parameters are crucial indications for determining the true physiological
condition of an organism. In order to operate effectively, an organism must maintain a
consistent and stable composition of its blood and its contents in normal settings
(Pankaj and Varma, 2013). Haematological changes are more reliable indicators of

human toxicity (Yakubu et al., 2007).
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4.1.2. Alzheimer’s disease
4.1.2.1. Aluminum chloride-induced Alzheimer’s disease

Environmental heavy metals are well-known agents that have a proven influence on
brain development via their neurotoxic effects. There is increasing evidence suggesting
a link between heavy metals and neurodegenerative disorders such as Alzheimer's
disease (AD) and Parkinson's disease (Nallagouni and Reddy, 2017). Heavy metals
are well recognised for their ability to harm the neurological system. Among all the
heavy metals, the impact of aluminum (Al) on biological systems has been well

documented (Chiroma et al., 2018; Exley, 2013; Mujika et al., 2014).

The brains of individuals with AD have been shown to have a significant concentration
of Al, which leads to toxicological consequences such as encephalopathy, bone
disease, and anaemia. The accumulation of aluminum in aged neurons is likely mostly
due to dietary intake, since the ingestion of aluminum additions is the primary way the
general population is exposed to aluminum (Walton, 2007). Recently, it was observed
that orally administering Al (300 mg/kg body weight) caused oxidative stress,
cholinergic deficiency, and the buildup of AB and NFTs in the brains of rats (Chiroma
et al., 2018). Several other laboratory animal investigations have also shown that
aluminum-induced neuropathological, neurochemical, and neurobehavioral alterations
are comparable to those seen in Alzheimer's disease (AD) (Justin Thenmozhi et al.,

2017; Alawdi et al., 2017; Yin et al., 2020).

Furthermore, the Al-treated group exhibits significant histological alterations,
including widespread gliosis accompanied by pericellular oedema in the brain area.
Additionally, there is evidence of neuronophagia and neuronal death. Multiple studies
have shown a strong correlation between aluminum neurotoxicity and cognitive
impairment in Alzheimer's disease. This connection is mostly attributed to oxidative
stress and disruption in the cholinergic system (Willhite et al., 2014). The results have
shown an increase in the expression and activity of acetylcholinesterase (AChE) and
malondialdehyde (MDA), but a notable reduction in the expression and activity of
glutathione-s-transferase (GST), glutathione peroxides (GPX), and glutathione
reductase (GR) (Attia and Ahmed, 2020).
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4.1.2.2. Alzheimer’s disease pathology

The main structural pathologies of Alzheimer's disease are the buildup of extracellular
amyloid-B (AP) protein as senile plaques, the formation of neurofibrillary tangles
within neurons due to aberrant hyperphosphorylation of tau protein in the cytoskeleton,
and extensive neuronal death (Selkoe, 2001). The hippocampus is among the first brain

regions to be impacted by these disorders (Braak et al., 1993; Mu and Gage, 2011).

The APP is normally cleaved by a-secretase and improperly processed by - and -
secretases, leading to an imbalance in the generation and removal of AP peptide
(Salomone et al., 2012). Therefore, AB peptides naturally come together to form
soluble oligomers and then combine to create insoluble fibrils with a B-sheet shape.

These fibrils are ultimately deposited in widespread senile plaques (Hardy, 2009).

Kinase enzymes, such as glycogen synthase kinase 3 (GSK-3f), and phosphatases
have a role in regulating tau (Mi and Johnson, 2006). Accumulation of A in the brain
of'individuals with Alzheimer's disease triggers the activation of kinases, such as GSK-

3B, which then phosphorylate tau NFTs (Cho and Johnson, 2004).
4.1.2.3. Neuroinflammation

Alzheimer’s disease is characterised by neuroinflammation and abnormal gliosis, as
shown by recent investigations (Salter and Stevens, 2017). Genetic and transcriptome
investigations have also validated the inflammatory theory (Zhang et al., 2013; Bolos
et al., 2017; Guerreiro et al., 2013). Microglia-associated pathways were identified
as significant risk factors for Alzheimer's disease and its development. Abundant
evidence has revealed that microglia play a vital role. During the early stage of AD,
microglia and its associated proteins might impact the decrease in synaptic connections

(Paolicelli et al., 2011; Hong et al., 2016).

The production of pro-inflammatory cytokines, such as IL-1p, IL-6, [L-18, and tumour
necrosis factor (TNF), chemokines like C-C motif chemokine ligand 1 (CCL1), CCLS5,
and C-X-C motif chemokine ligand 1 (CXCL1), small-molecule messengers like
prostaglandins and nitric oxide (NO), and reactive oxygen species by innate immune

cells in the central nervous system (CNS) can lead to synaptic disfunction, neural cell
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death, and destruction of neurogenesis (DiSabato et al., 2016). The primary intrinsic
immune cells involved in this process are mostly microglia and astrocytes. Capillary
endothelial cells and infiltrating blood cells contribute to neuroinflammation,
especially in cases when there is pharmacological or mechanical disruption of the

blood-brain barrier (BBB) (DiSabato et al., 2016; Heneka et al., 2014).

NF-«B's significant role in cellular inflammatory responses has garnered attention as
a promising subject for research on inflammatory illnesses. Toll-like receptors (TLRs)
are excessively produced on microglia and neurons in the AD brain. Toll-like receptors
(TLRs) primarily stimulate the canonical NF-kB signalling pathway, resulting in the
production of proinflammatory molecules (Chiarini et al., 2020). Therefore, the
initiation of NF-kB signalling and subsequent secretion of cytokines and chemokines
by microglia leads to the persistent inflammation that is found in Alzheimer's disease

(Thawkar and Kaur, 2019).
4.1.2.4. Oxidative stress

Oxidative stress is considered to be crucial in the development of Alzheimer's disease
(Manoharan et al., 2016). The brain is recognised for its higher energy consumption
and greater functional demands compared to other organs during mitochondrial
respiration. This also leads to an increased chance of exposure to reactive oxygen
species (ROS) (Chen et al., 2018). Moreover, AD is intricately associated with
molecular oxidative stress, protein nitration, increased protein oxidation, lipid
peroxidation, and glycoxidation. Furthermore, AD is strongly associated with the
accumulation of AP, which has been shown to induce oxidative stress (Butterfield et
al., 2002; Gibson et al., 2004; Mohmmad Abdul et al., 2006). Therefore, antioxidant
substances are promising candidates for providing protection against oxidative stress
and AP toxicity, to some degree. While oxidative stress is a factor in Alzheimer's
disease (AD), the effectiveness of the antioxidant strategy in slowing down the
progression of AD has been questioned. It has been recommended that antioxidant
therapy should be used in tandem with other treatments (Teixeira et al., 2013; Persson

et al., 2014).
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4.1.2.5. Apoptosis

In Alzheimer's disease, there is a significant amount of neuronal death seen in many
regions of the brain. The degeneration of neurons in Alzheimer's disease starts in the
preclinical stage and continues to worsen during the prodromal phase, or mild
cognitive impairment (MCI) and AD dementia. Initially, there may be a loss of neurons
in specific regions, such as the entorhinal cortex, basal nucleus of Meynert, and locus
coeruleus. However, as the disease progresses, neuronal loss becomes more
widespread and affects multiple areas of the brain, including the hippocampus,
amygdala, temporal lobe, frontal cortex, and parietal cortex (Serrano-Pozo et al.,
2011; Arendt et al., 2015; DeTure and Dickson, 2019). Apoptosis, a programmed
cell death process, is triggered by various factors such as p21, p38, mitogen-activated
protein kinase (MAPK), c-Jun-NH2-terminal protein kinase, p53, caspases 2, 3, 8, and
9, BCL-XS, Bax, apoptosis-inducing factor, and Par-4 (Lauterbach et al., 2010;
Friedlander, 2003; Zhang et al., 2003; EI-Guendy and Rangnekar, 2003). On the
other hand, B cell lymphoma/leukemia-2 protein (Bcl-2), Bcl-XL, and other factors
act as inhibitors of apoptosis (Kim, 2005).

4.1.2.5. Behavioural study

Several behavioural tests have been developed to assess the cognitive impairments
associated with Alzheimer's disease pathology in mouse models. The Morris water
maze is the predominant approach used to assess spatial memory in rats (D'Hooge and
De Deyn, 2001). Contextual memory tests, such as fear conditioning, are often used
to assess hippocampal functioning (Dineley et al., 2002) and may also be utilised in
animal models of Alzheimer's disease (Comery et al., 2005). The Y-maze and T-maze,
when combined with positive or negative stimuli, are used to determine particular
information that animals use to choose between response possibilities. These mazes
are often used to assess working memory in animal models of Alzheimer's disease. The
Ennaceur and Delacour study in 1988 introduced the novel object recognition test. This
test relies on the innate tendency of rats to exhibit more interaction with a new item
compared to a known one (Ennaceur and Delacour, 1988). This test does not assess

the animals' spatial reference memory, unlike the Morris water maze. However, the
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novel object recognition experiment yielded comparable findings to those of the
Morris water maze. The novel object recognition is a simple and stress-free test for
mice, making it an appropriate first screening assay to assess cognitive function in an

Alzheimer's disease model (Zhang et al., 2012).
4.2. REVIEW OF LITERATURE
4.2.1. Acute and sub-acute toxicity study

Upadhyay et al. (2019) assessed the harmful effects of a hydroalcoholic extract of
Reinwardtia indica leaves in Charles Foster rats, using both acute and sub-acute
experiments. In the acute toxicity test, rats were administered a single dosage orally,
but in the sub-acute phase, they were given varying doses orally for 28 consecutive
days. The satellite group was administered a dosage of 2000 mg/kg for a duration of 6
weeks, following the standards set by OECD-407. The acute toxicity study evaluated
general behavioural indicators and saw no deaths or visible symptoms of harm. During
the sub-acute investigation, the animals were examined for biochemical,
haematological, and histopathological markers, as well as for body weight, food
intake, and water consumption, after 14 and 28 days. The research indicates a
statistically insignificant (P < 0.05) difference in the treatment group compared to the
control group. The hydroalcoholic extract of Reinwardtia indica leaves was
determined to be non-toxic in acute studies at a dosage of up to 5000 mg/kg and in

sub-acute studies at a dosage of up to 2000 mg/kg.

Marak et al. (2023) conducted an assessment of the acute and sub-acute toxicity of the
methanolic extract of Cycas pectinate fruit (CPFE) on mice by administering it orally.
The examination of phytochemicals was conducted using LC-MS, NMR, and FTIR.
The research on acute toxicity was conducted using a single dosage of 1000, 3000, and
5000 mg/kg, whereas the study on sub-acute toxicity included daily administration of
doses of 100, 300, and 500 mg/kg over a period of 28 days. The LDso of CPFE was
determined to be 4000 mg/kg. The levels of AST, ALT, ALP, and bilirubin were tested,
and the findings indicated that ALT, ALP, and direct bilirubin were reduced in the
groups receiving 1000 and 3000 mg/kg compared to the control group. However, these

changes were not statistically significant. The liver is a crucial organ that is susceptible
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to xenobiotics (Bariweni et al., 2018). AST, ALT, and bilirubin are biomarkers that
may detect hepatocellular toxicity, and their increased levels signal liver damage
(Ramaiah, 2011). Both the acute and sub-acute investigations indicated that a dosage
of 5000 mg/kg and 500 mg/kg was hazardous to the mice. The acute toxicity findings
demonstrated that CPFE had a minor toxic impact on the kidney at doses of 3000 and
5000 mg/kg. This was evident from the observed deteriorating alterations in the kidney
as well as a rise in creatinine levels. At a dosage of 3000 mg/kg, acute toxicity resulted
in an elevation of white blood cells (WBC). Nevertheless, sub-acute toxicity tests
indicate no adverse impact on liver, renal, or haematological markers. Therefore, it
may be inferred that CPFE administered at a dosage of 100 and 300 mg/kg would be

considered safe for ingestion.

Patel et al. (2022) assessed the short-term and long-term oral toxicity of anti-obesity
polyherbal granules (PHG) in Sprague Dawley rats, following the recommendations
provided by the OECD in documents No. 425 and 407. The use of herbal medicines is
increasing annually in many nations, driven by a misguided perception that ayurvedic
preparations are devoid of any negative consequences, without taking into account the
documented instances of pharmacovigilance (Leenaars et al., 2019). However,
toxicological investigations are crucial for the development of new pharmaceuticals in
pharmaceutical businesses, including the manufacturing of ayurvedic drugs. The
purpose of this research is to assess the acute oral toxicity of PHG in rats. A single
dosage of 2 g/kg of PHG was given to the rats, and their mortality, body weight, and
clinical observations were recorded for a period of fourteen days. Nevertheless, in the
subacute oral toxicity trial, the PHG was delivered orally at dosages of 0.3, 0.5, and 1
g/kg per day for a duration of 28 days to rats. The consumption of food and the
measurement of body weight were recorded on a weekly basis. On the 29th day, rats
were euthanized, and their blood, biochemistry, urine, organs, and tissues were
analysed for haematological, biochemical, necropsy, and histological purposes. No
treatment-related mortality, behavioural abnormalities, or toxicity were seen in an
acute oral toxicity trial conducted over a period of fourteen days. In the sub-acute
toxicity investigation, no deaths or harmful effects were seen in the examination of

blood, biochemistry, urine, necropsy, and histopathology in rats treated with PHG for
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28 days. The findings indicate that the LDso of PHG is higher than 2 g/kg and the no-
observed-adverse-effect limit (NOAEL) of PHG for rats is 0.5 g/kg/day. Therefore,
based on the results of animal research, it can be concluded that anti-obesity polyherbal
granules have a favourable safety profile and may be regarded as a significant

treatment option for managing obesity in clinical settings.

Jegnie et al. (2023) assessed the acute and sub-acute toxicity of 80% methanolic
extracts from the leaves of Justicia schimperiana in Wistar albino rats, following the
guidelines set by the OECD for acute toxicity testing, guideline 423, and guideline 407
for sub-acute toxicity testing. J. schimperiana has been historically used for treating
several ailments such as jaundice, rabies, anthrax, asthma, common cold,
stomachache, diarrhoea, tapeworm infestation, wounds, external parasites, and skin
irritation in several parts of Ethiopia (Abera, 2014; Chekole et al., 2015). For the
acute toxicity research, three female rats were orally given a single dosage of 5000
mg/kg of extract. For the sub-acute research, the plant extract was given orally for 28
consecutive days at daily doses of 250, 500, and 1000 mg/kg. No fatalities or major
morbidities occurred as a consequence of administering the plant orally in a single
dosage. The LDso was more than 5000 mg/kg. The 28-day oral administration of the
plant extract did not have a notable impact on overall behaviour, food consumption,
organ weight, biochemical parameters, or most of the haematological markers.
However, there was a reduction in haemoglobin and hematocrit levels in the groups
treated with 1000 mg/kg of the extract, compared to the control group. Both genders
exhibited substantial weight gains at all dose levels. No major histological change was
seen. The study concludes that the methanolic leaf extract of J. schimperiana, whether
administered orally in a single dosage or in repeated doses over a period of 28 days, is

considered to be reasonably safe.
4.2.2. Alzheimer’s disease treatment

Alawdi et al. (2017) sought to examine the neuroprotective properties of nanodiamond
(ND), which are nanoparticles based on adamantine, in rats with aluminum-induced
cognitive impairment. Alzheimer's disease was induced by the administration of

aluminum chloride at a dosage of 17 mg/kg orally for a duration of 6 weeks. Elevated
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concentrations of aluminum in the brain may hinder long-term potentiation, which is
believed to be the primary physiological mechanism underlying learning and memory
(Shuchang et al., 2008; Llansola et al., 1999). The presence of AD was established
by the use of Morris water maze and Y-maze behavioural tests. These behavioural
experiments are often used to evaluate the impact of different treatments on spatial
recognition learning and memory (Morris, 1984; Hidaka et al., 2011). Additionally,
biochemical and histological investigations were conducted on the hippocampus. Rats
treated with aluminum exhibited behavioural, biochemical, and histological alterations
that resembled those linked to AD. ND enhanced cognitive abilities and restored
structural changes in the tissues. ND at the molecular level reduced the rise of
hippocampal AB42 and BACEI, while also decreasing the amounts of phosphorylated
tau protein. Additionally, it regulated the amount of the excitatory neurotransmitter
glutamate. In addition, ND increased the levels of BDNF and mitochondrial
transcription factor-A (TFAM), while reducing the levels of the proinflammatory
cytokines TNF-a and IL-6. It also mitigated oxidative stress by inhibiting the activity
of iNOS. In addition, ND increased the levels of p-STAT3 and Bcl-2 anti-apoptotic
protein in the hippocampus, while reducing the expression of NF-kB and caspase-3.
The production of TNF-a and IL-6 in the hippocampus is likely associated with the
accumulation of AP, phosphorylation of tau, activation of NF-kB and reduced
phosphorylation of STAT3 (Rubio-Perez and Morillaz-Ruiz, 2012; de Jonge et al.,
2005). The results suggest that ND has a protective impact against memory
impairments and Alzheimer's disease-like pathological abnormalities. This effect is
likely achieved via regulating NF-kB and STAT3 signalling pathways, perhaps through
the modulation of N-methyl-D-aspartate (NMDA) receptors.

Cao et al. (2017) determined the neuroprotective effects of Hypericum perforatum
extract (HPE) on rats with Alzheimer's disease caused by AlICls. H. perforatum has
gained significant attention over the last twenty years for its strong antioxidant, anti-
inflammatory, antibacterial properties, as well as its ability to enhance memory
(Hasler, 2002; Butterweck et al., 2003). Rats were administered AICI3 over a period
of 90 days in order to elicit behavioural, biochemical, and neurochemical changes

comparable to those seen in Alzheimer's disease (AD). Starting from the 3 1st day, the
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rats received HPE treatment for a duration of 60 days. The findings of our study shown
that HPE effectively enhanced cognitive performance in rats with Alzheimer's disease
produced by AICI;. Additionally, HPE mitigated the rise in acetylcholinesterase
activity and glutamic acid level caused by AlCI3, while also reducing noradrenaline
and dopamine levels. The increase in AChE activity leads to enhanced breakdown of
acetylcholine, causing a subsequent decrease in cholinergic neurotransmission, which
is directly associated with AD (Francis et al., 1999). Furthermore, HPE effectively
counteracted the hippocampal damage caused by AICIs. This included reducing the
accumulation of AP, such as elevated AB42 levels and the presence of amyloid plaques.
HPE also mitigated oxidative stress by decreasing reactive oxygen species levels and
thiobarbituric acid reactive substances levels, while increasing glutathione levels and
superoxide dismutase activity. Additionally, HPE suppressed neuroinflammation by
reducing the mRNA expressions of IL-1b, IL-6, TNF-a, and MHC-II in the
hippocampus of rats. Several studies propose that a reciprocal activation of Ap,
oxidative stress, and neuroinflammation may form a harmful loop, ultimately resulting
in the onset and advancement of AD (Daulatzai, 2016; Zhou et al., 2016). Therefore,
HPE provides neuroprotection against the Alzheimer's disease-like pathology

produced by AlCIs.

Khalifa et al. (2020) investigated the neuroprotective impact of telmisartan in rats with
aluminum-induced cognitive impairment. Telmisartan, an angiotensin II type 1
receptor (AT1R) antagonist (ARB), shown a prophylactic benefit in a mouse model of
ischemia/reperfusion by inhibiting the AT1R. Furthermore, it had a defensive impact
against oxidative stress, inflammation, and apoptosis in a rat model of intracerebral
haemorrhage (Wincewicz and Braszko, 2014). Aluminum chloride was supplied
intraperitoneally at a dosage of 10 mg/kg for a duration of 2 months. Subsequently,
behavioural tests, namely the Y-maze and Morris water maze, were conducted.
Subsequent to that, an examination of the biochemical and histological aspects of the
hippocampus was conducted. The hippocampus is one of the first and most seriously
affected regions in Alzheimer's disease (Bingman, 1992). The hippocampus is more
vulnerable to oxidative stress compared to other parts of the brain (Miller and

O'Callaghan, 2005; Yargicoglu et al., 2007). Rats treated with aluminum exhibited
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histological, biochemical, and behavioural changes similar to those seen in
Alzheimer's disease. Telmisartan enhanced the well-being of the rats both in terms of
their behaviour and histological characteristics. The intervention caused a decrease in
the levels of hippocampal amyloid beta protein and phosphorylated tau protein, while
increasing the level of neprilysin. Additionally, it reduced the levels of NF-kB, FAS
ligand, TNF-a, malondialdehyde, and AChE content.

Zhao et al. (2020) studied the neuroprotective effects of syringic acid (SA) on
behavioural impairments and neuroinflammation induced by aluminum chloride in rats
with Alzheimer's disease (AD). Syringic acid is a compound derived from benzoic acid
and phenolic compounds found in plants and fruits. It has been demonstrated to possess
various biological advantages, such as potent immunomodulatory and hepato-
protective effects, as well as the ability to scavenge free radicals and act as an
antioxidant, and anti-inflammatory (Gheena and Ezhilarasan, 2019; Rekha et al.,
2014). An intraperitoneal injection of AICl; at a dosage of 100 mg/kg of body weight
was administered for a duration of 60 days to induce the stimulation of AD. The rats
were administered low and high dosages of SA (25 & 50 mg/kg.b.wt) for a duration of
30 days. Following the conclusion of the experiment, behavioural assessments
including the Morris water maze, Y-maze, elevated plus maze, and open field test were
conducted. After the activity of acetylcholinesterase (AChE), the levels of biochemical
measurement and the expression of inflammatory proteins were analysed using
western blotting. The AD rats exhibited decreased cognitive function and impaired
learning abilities, increased short-term memory loss, and decreased locomotor activity.
Remarkably, the neurobehavioral deficits in the AD rats were significantly improved
by the addition of SA supplementation. The expressions of NF-kB, IL-18, IL-6, and
TNF-a were reduced by the addition of SA to rats with AD. IL-1b, IL-6, and TNF-a
have been widely studied as pro-inflammatory mediators in the brain, and they play a
vital role in the pathological progression of memory and learning impairments in
Alzheimer's disease (Akiyama et al., 2000). This study showed that the application of
SA improved the symptoms of AD induced by AICls.
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4.3. MATERIALS AND METHODS
4.3.1. Collection, identification and extraction of Parkia timoriana seed pods

Seed pods of Parkia timoriana were obtained from Tanhril village in Aizawl,
Mizoram. The species bearing the accession number 1016 was identified by the BSI
(Botanical Survey of India), Eastern Regional Centre, Shillong. The seed pods were
air-dried at normal room temperature and then crushed into a fine powder using an
electric grinder (Figure 1). The powdered seed pod (100 g) was immersed in methanol
(400 ml) at room temperature for at least 72 hours using a cold maceration process
(Kuete et al., 2006). The mixture was occasionally shaken. The extract was filtered
through Whatman filter paper No.1, then subjected to evaporation in an oven at a
temperature of 40°C until all the liquid had evaporated. The resulting dry extract was
then kept at a temperature of 4°C until used (Sen et al., 2013).

4.3.2. Animal ethics

The animal experiments were carried out in compliance with the ethical guidelines for
the maintenance and usage of laboratory animals and were authorised by the Mizoram
University Institutional Animal Ethics Committee, situated in Aizawl, Mizoram, India

(approval no. MZU/TIAEC/2021-22/09).

4.3.3. Experimental animals

Adult Wistar albino rats weighing 130-160 g were used for the experiment. Animals
were housed in polypropylene rat cages (421 x 290 x 190 mm) and kept under
controlled environmental conditions: room temperature (25 + 2 °C), constant humidity
(60 £ 10 %), and constant photoperiodic conditions (12:12 h day light/darkness cycles)
in the animal facility of the Department of Zoology, Mizoram University, Aizawl. The

standard pellet diet and water were allowed ad libitum.
4.3.4. Toxicity study
4.3.4.1. Acute toxicity study

The acute toxicity of P. timoriana methanolic extract (PTME) was tested on male adult

Wistar albino rats, following the guidelines outlined in the Organisation of Economic
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Cooperation and Development (OECD) guideline no. 423. The animals were allocated
into four groups using a random process, with each group consisting of five animals
(n = 5). A single dosage of 1000 mg/kg, 3000 mg/kg, and 5000 mg/kg of PTME
dissolved in distilled H,O was given orally to the rats that had fasted overnight. Control
animals were orally given distilled water. Each rat was individually observed for
symptoms of acute toxicity for the first 4 hours, followed by 8 hours, and then once
daily for a period of 14 days to detect any delayed toxicity indicators. Recorded
observations included morphological changes such as alterations in rectal temperature,
skin and eye colour, food intake, overall physique, presence of diarrhoea, coma,
sleepiness, breathing problems, tremors, fur condition, salivation, red tear production,
and mortality. The initial body weight was measured before the administration of

PTME, and the final body weight was measured at the conclusion of the experiment.
4.3.4.2. Sub-acute toxicity study

A set of male Wistar albino rats was randomly assigned to four groups, with five rats
in each group (n = 5), in order to investigate the sub-acute toxicity of PTME. Four
groups were administered PTME orally, dissolved in distilled water, at concentrations
of 20 mg/kg, 50 mg/kg, 100 mg/kg, and 300 mg/kg for 28 consecutive days. The
control group was administered distilled water. Throughout the investigation, we
observed all the common indicators of toxicity in animals. The initial body weight of
all the experimental animals was recorded before the administration of PTME and

thereafter at the end of each week.
4.3.4.3. Haematological parameters assessment

Haematological assays were conducted on all surviving animals at the end of the
toxicity experiment, namely on the 15th day for acute toxicity and the 29th day for
sub-acute toxicity. Animals were sacrificed, and their blood was collected in tubes. The
haematological parameters, such as red blood cells (RBC), white blood cells (WBC),
haemoglobin (Hb), haematocrit (HCT), mean cell volume (MCV), mean corpuscular
haemoglobin (MCH), and mean corpuscular haemoglobin concentration (MCHC),
were measured (Thrall and Weiser, 2002; Higgins et al., 2008; Feldman et al.,
2000).
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The red blood cells (RBC) were counted using a haemocytometer or Neubauer’s
chamber by diluting the blood with RBC diluting fluid (1:200) and counting the

number of cells present inside the five small squares.
Total RBC = No. of RBC x 10,000/uL.

Similarly, white blood cells (WBC) were counted with the help of a haemocytometer
or Neubauer’s chamber. However, it was diluted with WBC diluting fluid (1:20), and

counting of the cells was done in the four bigger squares of the chamber.
Total WBC = No. of WBC x 50/pL

Haemoglobin (Hb) was estimated by Sahli’s method. The blood is taken in a
haemoglobinometer tube, and 0.1N HCI] was added up to mark 2, and it was allowed
to stand for ten minutes to enable the maximum conversion of haemoglobin to acid
haematin. The haemoglobinometer is then placed in the comparator, and distilled water

is added until the colour matches with the comparator.

The estimation of haematocrit (HCT) was performed by centrifugation of a blood
sample in a tube at high velocity. This results in the separation of plasma and blood

cells, with the denser red blood cells settling at the bottom of the tube.

HCT (%) = (Height of the packed RBC column/total height of the blood column) x
100

MCV (1) = (HCT %/RBC) x 10

MCH (pg) = (Hb/RBC) x 10

MCHC (g/dl) = (Hb/HCT %) x 100

4.3.4.4. Serum biochemical parameters assessment

At the end of the experiment, a biochemical analysis was conducted on all the
surviving rats. The blood was collected in the tubes and then subjected to
centrifugation at a speed of 3500 revolutions per minute for a duration of 30 minutes.
The serum from each sample was collected and kept at a temperature of -20 °C until it

was analysed. The levels of serum alanine aminotransferase (ALT, EC.2.6.1.2,
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Reitman and Frankel, 1957), aspartate aminotransferase (AST, EC.2.6.1.1, Reitman
and Frankel, 1957), alkaline phosphatase (ALP, EC.3.1.3.1, Kind and King, 1954),
creatinine (Bonsnes and Taussky, 1945), urea (Fawcett and Scott, 1960), cholesterol,
triglycerides, high-density lipoprotein (HDL), and low-density lipoprotein (LDL)
(Trinder, 1969) were measured using a diagnostic kit from Coral Clinical Systems,

Goa, India.
4.3.4.5. Relative organ weight measurement

Following the sacrifice of the rats on the 15th day for the acute toxicity test and the
29th day for sub-acute toxicity, the crucial organs, including the liver, kidney, lungs,
heart, and spleen, were removed, body fats were carefully removed from the organs
and dried using absorbent tissue paper before being measured for weight. The relative
organ's weight was determined and documented as a ratio to the bodyweight using the

following equation:
Relative organ weight = (Absolute organ weight/body weight) x 100
4.3.4.6. Histopathological assessment

The liver and kidney samples from both acute and sub-acute cases were analysed using
histological testing. Following the retrieval of the organs, they were immersed in
Bouin's fixative for 24 hours. Subsequently, they were moved into a solution of 70%
ethanol until they underwent standard processing. The organs were immersed in
paraffin wax and then sliced with a thickness of 7 um using a Leica rotary microtome
(RM2125 RTS). The slices were placed onto glass slides, treated with xylene to remove
paraffin, and then stained with haematoxylin and eosin for general histology. The
histopathology of organs was analysed using an Olympus CX41 microscope (Model
CX41RF, Olympus Corporation, Tokyo, Japan), and images were captured for further

examination (Bancroft and Gamble, 2002).
4.3.5. AICIz-mediated Alzheimer’s disease treatment
4.3.5.1. Experimental design

Wistar adult rats were randomly divided into four groups (n =5) as follows:
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a) Group I: Rat administered saline water (0.5 ml, i.p) daily once for 42 days.

b) Group II: Rat intraperitoneally treated with AICl3 (17 mg/kg b.w., i.p) (Sigma-
Aldrich) for 42 days. The dose of AICI3 used is according to the previous study by
Alawdi et al. (2017).

¢) Group III: Rat administered orally using intragastric tubes with PTME (5 mg/kg
b.w., p.o.) dissolved in saline (1 h prior to AICl; administration) and intraperitoneally

treated with AICI; as in group II for 42 days.

d) Group IV: Rat administered orally using intragastric tubes with PTME (10 mg/kg
b.w., p.o.) dissolved in saline (1 h prior to AICI3) and intraperitoneally treated with

AICl3 as in group II for 42 days.
4.3.5.2. Behavioural experiment
4.3.5.2.1. Novel object recognition (NOR) test

The NOR test strategy was derived from the methodology proposed by Ennaceur and
Delacour (1988). The equipment was a rectangular open box with dimensions of 65
cm X 45 cm x 45 cm. There were two distinct stages: the habituation phase and the test
phase. Each rat was given unrestricted access to the vacant apparatus for a duration of
three days, with a time limit of ten minutes each day. On the fourth day, the testing
phase commenced. During the testing phase, two trials were conducted: a
familiarisation trial lasting ten minutes and a test trial lasting five minutes. During the
familiarisation experiment, each rat was introduced to the apparatus containing two
similar items. The rats were released oriented towards the wall, with their backs turned
towards the items. Following a period of 10 minutes of unrestricted exploration, each
individual rat was promptly returned to its own cage. After an hour, each rat was placed
back in the apparatus. During this time, one of the two familiar items was replaced
with a new one. This marked the beginning of a five-minute testing session. The
animal's exploration time was recorded when it approached an item with its snout
within a distance of 2 cm or when it pawed or smelled the object. The act of standing

or sitting on an item during exploration was not taken into consideration. The
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recognition index (RI) of the testing trial was calculated using the formula (Zhang et

al., 2012):

RI (%) = Time exploring novel object/(time exploring novel object + time exploring

familiar object) x 100
4.3.5.2.2. Y-maze test

The assessment of spontaneous alteration behaviour for short-term memory was
evaluated using the Y-maze test. The Y-maze apparatus consisted of three arms, each
labelled with the letters A, B, and C, measuring 40 cm x 35 cm x 12 cm. These arms
were arranged perpendicular to each other. Each rat was given a five-minute period of
unrestricted movement in the labyrinth, starting at the end of one arm. An arm entrance
will only be permitted once both hind paws are fully within the arm. An alternation is
the act of entering three different arms in a row inside a set of overlapping triplets. All
arm entries and alternations were recorded (Alawdi et al., 2017). Every instance of
arm entries and alternations was documented, and the spontaneous alternation

percentage (SAP) was computed.

SAP (%) = Number of alternations/(total arm entries — 2) x 100
4.3.5.4. Oxidative and anti-oxidant parameters assessment
4.3.5.4.1. Protein estimation

The Bradford method was used for protein estimation (Bradford, 1976). 10% of
hippocampus tissue was homogenised in phosphate buffered saline, centrifuged, and
the supernatant was recovered. 0.1 mL of protein sample was taken in a test tube, and
0.5 mL of Bradford reagent was added to it. The contents were mixed either by
inversion or vortexing. The absorbance at 595 nm was measured
spectrophotometrically after 2 minutes against a reagent blank prepared from 0.1 ml

of distilled water and 0.5 ml of Bradford reagent.
4.3.5.4.2. Lipid peroxidation (LPO)

Lipid peroxidation was quantified spectrophotometrically by using the thiobarbiturate

test to measure malonaldehyde (MDA) levels (Ohkawa et al., 1979). 10% of
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hippocampus tissue was homogenised in phosphate-buffered saline, centrifuged, and
the supernatant recovered. A total of 200 pL of supernatant was combined with an
equal volume of 15% trichloroacetic acid (TCA). Following the process of
centrifugation, the supernatant was collected. The supernatant was mixed with an
equal amount of 8% thiobarbituric acid (TBA). After vortex mixing, the sample was
incubated at a temperature of 95 °C in a water bath for a duration of 25 minutes.
Subsequently, the sample was analysed using spectrophotometry at a wavelength of

540 nm. The LPO was expressed as the level of MDA in nmol/mg of protein.
4.3.5.4.3. Glutathione-S-transferase (GST)

GST was assayed spectrophotometrically by the principal of conjugation of 1-chloro-
2,4-dinitrobenzene (CDNB) with glutathione (GSH) at 340 nm at 37 °C (Habig et al.,
1974). The test combination consisted of a 3 mL volume containing 0.5 nM CDNB, 1
mM GSH, and 100 nM phosphate buffer at pH 6.5. Prior to use, the CDNB was
dissolved in 95 % ethanol and thereafter introduced into the phosphate buffer. The
phosphate buffer-CDNB combination was allowed to incubate for 10 minutes at a
temperature of 37 °C. The reaction was initiated by adding GSH, followed immediately
by a 0.15 mL portion of the 10% tissue homogenate. The spectrophotometer was used
to quantify the rate of rise in absorbance at 340 nm against a blank containing the
reaction mixture without homogenate. The level of GST was expressed as U/mg of

protein.
4.3.5.4.4. Glutathione (GSH)

The concentration of reduced glutathione (GSH) was determined by reacting it with
5,5'-dithiobis(2-nitrobenzoic acid) (DTNB) to form a product that can be detected at
412 nm (Moron et al., 1979). Each sample tube consisted of 2 ml of 0.6 mM DTNB,
0.2 M sodium phosphate with a pH of 8.0, 0.1-0.2 ml of 10 % tissue homogenate and
0.2 M phosphate buffer, resulting in a total volume of 3 ml. The reference tube was
filled with 0.1-0.2 ml of GSH solution instead of the sample. The reaction was initiated
by adding the supernatant to the sample tube. The level of GSH was expressed as

nmol/mg of protein.
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4.3.5.5. Enzyme-linked immunosorbent assay (ELISA)

The activity of acetylcholinesterase (AChE) in the hippocampus was measured using
commercially available ELISA kit from Elabscience, USA (Rat AChE ELISA Kit;
Catalog No.: E-EL-R0355). The manufacturer's instructions were followed for the
detection process. A spectrophotometer was used to detect the change in absorbance at

450 nm.
4.3.5.6. Western blotting

The western blotting was performed to study the expression of NF-kB, TNF-a, IL-6,
active caspase-3, BCL-2, Bax, AB, BACE]1, and Tau protein in the hippocampus. The
western blot technique was similar to the one previously described by Annie et al.
(2020). A tissue homogenate (50 pg) of the hippocampus was separated on a 10%
sodium dodecyl sulphate (SDS)—polyacrylamide gel. The gel was then transferred to a
polyvinylidene difluoride membrane (PVDF, Millipore, India) using a semi-dry
apparatus for a duration of 30 minutes. In order to avoid non-specific binding, the
membranes were treated with a blocking agent (5% skim milk, Sigma-Aldrich, USA)
for 30 minutes. Subsequently, the membranes were incubated overnight at 4 °C with
the primary antibodies, namely NF-kB (1:2000, E-AB-22066, mouse monoclonal
antibody, Elabscience, Texas, USA), TNF-a (1:1000, BS-2081R, rabbit polyclonal
antibody, Bioss, Massachusetts, USA), IL-6 (1:1000, BS-0782R, rabbit polyclonal
antibody, Bioss, Massachusetts, USA), active caspase-3 (1:1000, E-AB-22115, mouse
monoclonal antibody, Elabscience, Texas, USA), BCL-2 (1:2000, sc—7382, mouse
polyclonal antibody, Santa Cruz Biotechnology, Texas, USA), Bax (1:1000, sc-7480,
mouse monoclonal antibody, Santa Cruz Biotechnology, Texas, USA), AP (1:500, BS-
0107R, rabbit polyclonal antibody, Bioss, Massachusetts, USA), BACE1 (1:3000, BS-
0164R, rabbit polyclonal antibody, Bioss, Massachusetts, USA), and Tau (1:1000, BS-
8453R, rabbit polyclonal antibody, Bioss, Massachusetts, USA). Subsequently, the
membranes were exposed to the suitable HRP-conjugated secondary antibody (goat
anti-mouse, 1:4000, E-AB-1001, Elabscience, Texas, USA; goat anti-rabbit, 1:4000,
A-AB-1003, Elabscience, Texas, USA) and incubated for 3 hours at room temperature.

The visualisation was performed using the ECL detection technique (BIO-RAD,
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Clarity Western ECL Substrate; Catalog No. 170-5061). The internal control used was
B-tubulin (1:1000, E-AB-20070, rabbit polyclonal antibody, Elabscience, Texas,
USA), and B-actin (1:1000, E-AB-20058, rabbit, Elabscience, Texas, USA). The levels

of the proteins were calculated using densitometric analysis using ImageJ.
4.3.5.7. Histopathological examination

The brains were dissected quickly after the rats were sacrificed, followed by washing
with isotonic saline solution and then drying on filter paper. The brains were bisected
sagittally into two hemispheres, and the hippocampus was dissected out for
histological examination. Following the retrieval of the tissue, it was immersed in
Bouin's fixative for a duration of 24 hours. Subsequently, it was moved into a solution
of 70% ethanol until it underwent standard processing. The tissue was immersed in
paraffin wax and then sliced with a thickness of 7 um using a Leica rotary microtome
(RM2125 RTS). The slices were placed onto glass slides, treated with xylene to remove
paraffin, and then stained with haematoxylin and eosin for general histology. The
histopathology of the hippocampus was analysed using an Olympus CX41 microscope
(Model CX41RF, Olympus Corporation, Tokyo, Japan), and images were captured for
further examination (Bancroft and Gamble, 2002).

4.3.6. Statistical analysis

The data were reported as the mean value =+ the standard error of the mean (SEM). The
criterion for determining statistical significance was set at a p-value < 0.05. The data
were examined using a one-way analysis of variance (ANOVA) to compare means.
The significant differences were evaluated using Tukey's multiple comparisons in

GraphPad Prism.

4.4. RESULTS

4.4.1. Acute toxicity study

4.4.1.1. Effect of single-dose PTME on morphological changes and mortality

The single dose oral administration of PTME at various concentrations (1000 mg/kg,
3000 mg/kg, and 5000 mg/kg) resulted in death in treated rats at a dose of 5000 mg/kg

during a 14-day period. Out of the five rats treated, two rats died within a week of
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receiving the 5000 mg/kg dosage. The group administered at dosages of 1000 mg/kg
and 3000 mg/kg did not exhibit any indications of death. There were no observable
morphological changes, except a red tear in one rat from the group that received a

dosage of 5000 mg/kg (Table 17).
4.4.1.2. Effect of single-dose PTME on feed and water intake

The single dose oral administration of PTME did not have any significant effect on the

intake of feed and water at all doses (Figure 22B, 22C).
4.4.1.3. Effect of single-dose PTME on body weight and relative organ weight

The single dose oral administration of PTME did not show any significant change on
the relative organ weight of the vital organs, including kidney, liver, lungs, spleen,
brain, and heart, at all doses (Table 18). Similarly, the body weight was not affected
by the single dose oral administration of PTME (Table 18; Figure 22A).

4.4.1.4. Effect of single-dose PTME on haematological parameters

Although slight increase was seen in the WBC at a dose of 5000 mg/kg, the
haematological parameters revealed no significantly change in WBC, RBC, Hb,
haematocrit, MCV, MCH, and MCHC at all doses (Table 19).

4.4.1.5. Effect of single-dose PTME on serum biochemical parameters

The single dose oral administration of PTME did not show any significant change on
serum biochemical parameters, including AST, ALT, urea, cholesterol, triglycerides,
HDL, and LDL, at all doses. However, a significant increase in serum ALP and

creatinine was observed at 5000 mg/kg dosage (Table 20; Figure 23, 24).
4.4.1.6. Effect of single-dose PTME on histological examination

The liver histological examinations in the control, 1000 mg/kg, and 3000 mg/kg
dosages revealed the presence of normal hepatocytes displaying no apparent
alterations in the morphological features (Figure 25A, 25B, 25C). However, the 5000
mg/kg treated group showed deteriorated changes with constricted central vein and

dilated sinusoids in the liver tissue (Figure 25D).
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The kidney histopathological section of the 5000 mg/kg treated group showed
deteriorated alterations, with an enlarged Bowman’s space around the glomerulus, an
enlarged PCT, and necrosis (Figure 26D). A slight enlargement in Bowman’s capsule
is seen in 3000 mg/kg treated group (Figure 26C). Whereas, the renal histopathology
of the control and 1000 mg/kg groups displayed normal-sized renal structures,
including the PCT, DCT, Bowman's capsule, Bowman's space, and glomeruli (G)

(Figure 26 A, 26B).
4.4.2. Sub-acute toxicity study
4.4.2.1. Effect of repeated-dose PTME on morphological changes and mortality

The repeated-dose oral administration of PTME at various concentrations (20 mg/kg,
50 mg/kg, 100 mg/kg, and 300 mg/kg) for 28 days resulted in death in four treated rats
at a dose of 300 mg/kg. However, no mortality was observed in control, 20 mg/kg, 50
mg/kg, and 100 mg/kg dosage. There were no observable morphological changes at
all doses (Table 21). As a result, it was not possible to gather data from the group that
received a dosage of 300 mg/kg for the examination of haematological and serum
biochemical parameters because of statistical requirements. However, the analysis of

kidney and liver histopathology was conducted.
4.4.2.2. Effect of repeated-dose PTME on feed and water intake

Administering PTME orally for 28 consecutive days did not result in any notable
impact on the consumption of food and water at any of the given dosages (Figure 27B,

27C).
4.4.2.3. Effect of repeated-dose PTME on body weight and relative organ weight

The repeated-dose oral administration of PTME did not have a significant effect on
the relative weight of important organs such as the kidney, liver, lungs, spleen, brain,
and heart, across all dosages (Table 22). Furthermore, the repeated oral administration

of PTME did not have any impact on the body weight (Table 22; Figure 27A).
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4.4.2 4. Effect of repeated-dose PTME on haematological parameters

There were no significant changes in the haematological parameters, such as white
blood cell count (WBC), red blood cell count (RBC), haemoglobin (Hb), hematocrit,
mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH), and mean
corpuscular haemoglobin concentration (MCHC), after administering PTME orally for

28 days at various dosages (Table 23).
4.4.2.5. Effect of repeated-dose PTME on serum biochemical parameters

The serum biochemical analysis for liver function test, including AST, ALT, and ALP,
were not affected by the repeated-dose administration of PTME for 28-days (Table 24;
Figure 28). Similarly, the kidney function test, including creatinine and urea, showed
normal functioning of the kidney at all doses (Table 24; Figure 29). Additionally, the
other biochemical analysis, including cholesterol, triglycerides, HDL, and LDL did not
change significantly at all doses after the repeated-dose administration of PTME for

28-days (Table 24).
4.4.2.6. Effect of repeated-dose PTME on histological examination

The liver histological investigations at the control, 20 mg/kg, 50 mg/kg, and 100 mg/kg
doses showed the existence of normal architecture of the liver tissue with normal
hepatocytes, portal vein, sinusoids, and hepatic artery, and with no observable changes
in their morphological characteristics (Figure 30A-30D). However, the group treated
with a dosage of 300 mg/kg had showed a liver with a skewed structure. The presence
of minor inflammation in the lobules of the liver was observed, with a congested

central vein, and damaged hepatocytes (Figure 30E).

The kidney architecture of the the control, 20 mg/kg, 50 mg/kg, and 100 mg/kg doses
showed the existence of normal architecture (Figure 31A-31D). However, the
histopathological section of the 300 mg/kg treated group showed significant damage
(Figure 31E).
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4.4.3. AlICl3-mediated Alzheimer’s disease treatment
4.4.3.1. Effect of PTME on cognitive deficit in AICI3-mediated AD rats

In the Y-maze task, we observed a statistically significant decrease in spatial memory
in the groups treated with AICIz. This decrease was indicated by a lower percentage
(44.64 %) of spontaneous alternation (SAP) compared to the control group (80.30 %),
suggesting an impact on short-term memory. Nonetheless, the administration of PTME
(5 mg/kg and 10 mg/kg) for a period of 42 days demonstrated a noteworthy and
statistically significant increase (66.89 % and 75.86 %, respectively) in the SAP of rats
with AD (Figure 32A).

The novel object recognition test demonstrated a significant decline in short-term
memory in the AlCls-mediated AD rats. The rats in the control group spent a longer
time exploring the new object, showing that they remembered the familiar object with
a recognition index (RI) of 80.26 %. On the other hand, rats with AD had a
significantly reduced RI of 33.45 %, which aligns with their compromised cognitive
ability. However, when administered daily for a period of 42 days, both the dosages of
PTME (5 mg/kg and 10 mg/kg) resulted in a considerable rise in the RI in rats with
AD. The RI values reached 66.26 % for 5 mg/kg and 77.87 % for 10 mg/kg, indicating
the therapeutic impact of PTME on the AD animals (Figure 32B).

4.4.3.2. Effect of PTME on oxidative stress in AICIz-mediated AD rats

The level of MDA resulting from LPO (lipid peroxidation) in the hippocampus showed
a significant rise in AICl3-mediated AD rat models (14.83 £+ 0.303 nmol/mg protein)
compared to the control (8.89 & 0.277 nmol/mg protein). However, the levels of MDA
reduced significantly to 11.12 + 0.293 nmol/mg protein in AD rats when treated with
PTME at a dose of 5 mg/kg. Further treatment with PTME at a dose of 10 mg/kg
significantly reduces the level of MDA (9.94 + 0.291 nmol/mg protein), similar to the
control group (Figure 33).

4.4.3.3. Effect of PTME on anti-oxidant biomarkers in AICIz-mediated AD rats

Exposure to AICI; resulted in a significant decrease in the levels of reduced glutathione

(GSH) and glutathione-S-transferase (GST) activity in the hippocampus compared to
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the normal control group (2.098 + 0.078 nmol/g protein for GSH; 1.73 £ 0.061 U/mg
protein). While the level of GSH was reduced to 0.76 £+ 0.033 nmol/mg protein, the
administration of PTME in AD rats at doses of 5 mg/kg and 10 mg/kg significantly
increased it to 1.22 £ 0.069 nmol/mg protein and 1.99 £ 0.039 nmol/mg protein,
respectively (Figure 34A). Similarly, the level of GST was reduced to 1.032 + 0.057
U/mg protein in AICl3-mediated AD rats. However, the administration of PTME in AD
rats at doses of 5 mg/kg and 10 mg/kg significantly increased it to 1.46 + 0.052 U/mg
protein and 1.6 = 0.05 U/mg protein, respectively (Figure 34B).

4.4.3.4. Effect of PTME on acetylcholinesterase in AICI;-mediated AD rats

The ELISA analysis showed that the AChE level in the AICl3-mediated AD group was
significantly increased in the hippocampus (124.21 + 6.065 ng/ml) compared to its
control level in the hippocampus (53.58 + 2.15 ng/ml). Administration of 5 mg/kg
PTME to AD rats for 42 days significantly reduced the level of AChE in the
hippocampus (97.45 + 2.51 ng/ml) compared to the AD group. Administration of
PTME at a dose of 10 mg/kg further reduces the level of AChE in the hippocampus of
AD rats to 64.38 = 1.36 ng/ml (Figure 35).

4.4.3.5. Effect of PTME on inflammatory biomarkers in AIClz-mediated AD rats

Western blot analysis revealed that the expression levels of pro-inflammatory markers,
including NF-kB, TNF-a, and IL-6 were significantly high in the hippocampus of
AlClz-mediated AD rats when compared to the control group. However, the
administration of PTME at two different doses, namely 5 mg/kg and 10 mg/kg, for 42
days significantly reduced the expression level of these pro-inflammatory markers in

the hippocampus of AD rats (Figure 36A-36C).
4.4.3.6. Effect of PTME on apoptotic biomarkers in AICI;-mediated AD rats

Rats that were administered AICIz over a period of 42 days had a significant increase
in bax and active caspase-3 levels in the hippocampus, while BCL-2 level was
significantly lower than the control group. However, administration of PTME to AICl;

treated rats significant drop the expression levels of bax and active caspase-3 in the
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hippocampus, and significantly increase the expression level of BCL-2 (Figure 37A-

370).

4.4.3.7. Effect of PTME on AD’s pathological biomarkers in AlICl3-mediated AD

rats

The administration of AICI3 resulted in a 2.14-fold increase in the hippocampus
content of BACEI1, 1.43-fold increase in AP protein, and a 2.46-fold rise in the
hippocampal content of tau protein compared to the normal control group. However,
when PTME was administered at a dose of 5 mg/kg to the AD rats, it significantly
reduced the levels of BACEI to 49.6 %, AP protein to 68.82 %, and p-tau to 58 %,
compared to the AICI; treated group. The administration of PTME at a dose of 10
mg/kg further reduces significantly the levels of BACE1 to 46.73 %, AP protein to
56.72 %, and p-tau to 38.52 %, compared to the AICl; treated group (Figure 38A-
38C).

4.4.3.7. Effect of PTME on hippocampal histology in AICI3-mediated AD rats

The histopathological examination of the hippocampus sections obtained from the
control group showed a normal architecture of the hippocampus, exhibiting a regular,
healthy, and normal distribution of the neuronal cells (Figure 39A). In contrast, the
hippocampus of the group treated with aluminum exhibited degenerative alterations,
with a large number of damaged, distorted, irregular neuronal cells with shrunken
cytoplasm and dark pyknotic nuclei (Figure 39B). The administration of PTME at a
dose of 5 mg/kg to the AD rats mitigated the histological alterations in the
hippocampus to some extent (Figure 39C). In addition, the administration of PTME
at a dose of 10 mg/kg further improved the histological alterations of the hippocampus,

similar to the control group, with normal and healthy neuronal cells (Figure 39D).
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Figure 22. The impact of the methanolic extract derived from the seed pod of Parkia
timoriana on the body weight, feed, and water intake of the Wistar rats that were
exposed to it in a single-dose acute toxicity study. (A) The impact on daily food
consumption. (B) The impact on the volume of water consumed daily. (C) The impact

on the body weight was measured every alternate day for a period of 14 days.
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Figure 23. The effect of a single-dose of PTME on the liver (liver function test) of
Wistar rats that were exposed to it in an acute toxicity study. (A) The level of AST
(aspartate aminotransferase) showed no significant change between the treatment
groups. (B) The level of ALT (alanine transaminase) showed no significant change
between the treatment groups. (C) The level of ALP (alkaline phosphatase) was
significantly high in 5000 mg/kg treatment group. All values are expressed as mean +
SEM, n = 5. p < 0.05 shows a significant difference (one-way ANOVA/Tukey’s
multiple comparison). Statistically significant data are represented with different

alphabetical letters.
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Figure 24. The effect of a single-dose of PTME on the kidney (kidney function test)
of Wistar rats that were exposed to it in an acute toxicity study. (A) The level of
creatinine was significantly high in the 5000 mg/kg treatment group. (B) The level of
urea showed no significant change between the treatment groups. All values are
expressed as mean £ SEM, n = 5. p < 0.05 shows a significant difference (one-way
ANOVA/Tukey’s multiple comparison). Statistically significant data are represented
with different alphabetical letters.
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Figure 25. The effect of a single dose of PTME on the histopathological sections (40x
magnification; H & E) of liver tissue of Wistar rats that were exposed to it in an acute
toxicity study. (A) Control. (B) 1000 mg/kg treated group. (C) 3000 mg/kg treated
group. (D) 5000 mg/kg treated group. The histopathological section of the 5000 mg/kg
treated group showed alterations, with the central vein showing congestion, slight
dilation in the sinusoids, and damaged hepatocytes. Whereas, the other groups showed
normal liver architecture as the control. PV- portal vein, CV- central vein, H-

hepatocyte, S- sinusoids, K- Kupffer’s cell, and HA- hepatic artery.
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Figure 26. The effect of a single dose of PTME on the histopathological sections (40x
magnification; H & E) of kidney tissue of Wistar rats that were exposed to it in an
acute toxicity study. (A) Control. (B) 1000 mg/kg treated group. (C) 3000 mg/kg
treated group. (D) 5000 mg/kg treated group. The histopathological section of the S000
mg/kg treated group showed deteriorated alterations, with an enlarged Bowman’s
space around the glomerulus and an enlarged PCT. Whereas, the other groups showed
normal structure of glomerulus, Bowman’s capsule, DCT, and PCT. A slight
enlargement in Bowman’s capsule is seen in 3000 mg/kg treated group. G- glomerulus,
B- Bowman’s capsule, BS- Bowman’s space, DCT- Distal convoluted tubule, and PCT-

Proximal convoluted tubule.
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Figure 27. The impact of repeated-dose of the PTME on the body weight, feed and
water intake by the Wistar rats that were exposed to it in a sub-acute toxicity study.
(A) The impact on the food ingested was measured on an alternate day basis. (B) The
impact on the volume of water consumed was recorded every other day. (C) The impact

on the body weight was measured on a weekly basis for a period of 28 days.
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Figure 28. The effect of a repeated-dose of PTME on the liver (liver function test) of
Wistar rats that were exposed to it in a sub-acute toxicity study. (A) The level of AST
(aspartate aminotransferase) showed no significant change between the treatment
groups. (B) The level of ALT (alanine transaminase) showed no significant change
between the treatment groups. (C) The level of ALP (alkaline phosphatase) showed no
significant change between the treatment groups. All values are expressed as mean =+
SEM, n = 5. p < 0.05 shows a significant difference (one-way ANOVA/Tukey’s

multiple comparison). Statistically significant data are represented with different

alphabetical letters.
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Figure 29. The effect of a repeated-dose of PTME on the kidney (kidney function test)
of Wistar rats that were exposed to it in a sub-acute toxicity study. (A) The level of
creatinine showed no significant change between the treatment groups. (B) The level
of urea showed no significant change between the treatment groups. All values are
expressed as mean £ SEM, n = 5. p < 0.05 shows a significant difference (one-way
ANOVA/Tukey’s multiple comparison). Statistically significant data are represented
with different alphabetical letters.
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Figure 30. The effect of a repeated-dose of PTME on the histopathological sections

(40x magnification; H & E) of liver tissue of Wistar rats that were exposed to it in a
sub-acute toxicity study. (A) Control. (B) 20 mg/kg treated group. (C) 50 mg/kg treated
group. (D) 100 mg/kg treated group. (E) 300 mg/kg treated group. The 300 mg/kg
treated group's histopathological section showed a liver with a skewed structure, a
congested central vein, and damaged hepatocytes. Whereas, the other treated groups
showed normal hepatocytes, portal vein, sinusoids, and hepatic artery, similar to the
control group. PV- portal vein, CV- central vein, H- hepatocyte, S- sinusoids, K-

Kupffer’s cell, HA- hepatic artery, and BD- bile duct.
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Figure 31. The effect of a repeated-dose of PTME on the histopathological sections

(40x magnification; H & E) of kidney tissue of Wistar rats that were exposed to it in a
sub-acute toxicity study. (A) Control. (B) 20 mg/kg treated group. (C) 50 mg/kg treated
group. (D) 100 mg/kg treated group. (E) 300 mg/kg treated group. The
histopathological section of the 300 mg/kg treated group showed significant damage.
The kidney architecture of the other treated groups, comparable to the control group,

was normal. G- glomerulus, B- Bowman’s capsule, BS- Bowman’s space.
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Figure 32. The methanolic extract of Parkia timoriana seed pod improved the
cognitive impairment in an aluminum chloride-mediated Alzheimer’s disease rat. (A)
The effect of PTME on the recognition index percentage in a novel object recognition
(NOR) test. (B) The effect of PTME on the spontaneous alternation percentage (SAP)
in a Y-maze test. All values are expressed as mean = SEM, n = 5. p < 0.05 shows a
significant difference (one-way ANOVA/Tukey’s multiple comparison). Statistically

significant data are represented with different alphabetical letters.
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Figure 34. The methanolic extract of Parkia timoriana seed pod increased the anti-
oxidant markers (glutathione, GSH; glutathione-S-transferase, GST) in the
hippocampus of an aluminum chloride-mediated Alzheimer’s disease rat. (A) The
effect of PTME on the level of GSH in an AD rat. (B) The effect of PTME on GST
levels in an AD rat. All values are expressed as mean + SEM, n = 5. p <0.05 shows a
significant difference (one-way ANOVA/Tukey’s multiple comparison). Statistically

significant data are represented with different alphabetical letters.
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Figure 35. PTME decreased the level of acetylcholinesterase (AChE) in an aluminum

chloride-mediated Alzheimer’s disease rat. All values are expressed as mean + SEM,

n =35. p < 0.05 shows a significant difference (one-way ANOVA/Tukey’s multiple

comparison). Statistically significant data are represented with different alphabetical

letters.
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Figure 36. Neuroprotective effect of PTME on neuroinflammation in the hippocampus
of an aluminum chloride-mediated Alzheimer’s disease rat. (A) NF-kB. (B) TNF-a.
(C) IL-6. All values are expressed as mean £ SEM, n = 5. p <0.05 shows a significant
difference (one-way ANOVA/Tukey’s multiple comparison). Statistically significant

data are represented with different alphabetical letters.
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Figure 37. PTME treatment reduced apoptosis in the hippocampal region of an
aluminum chloride-mediated Alzheimer's disease rat. (A) Active caspase-3. (B) BCL-
2. (C) Bax. All values are expressed as mean £ SEM, n = 5. p <0.05 shows a significant
difference (one-way ANOVA/Tukey’s multiple comparison). Statistically significant

data are represented with different alphabetical letters.

175



Control  AICI, AICI+Pt; AICI+Pty,
BACE1 . SR . —

0.7 - 2
f-tubulin — G — C—

0.6 -
0.5 A
0.4 -
0.3 1
0.2 1
0.1 1
0.0

BACE1/g-tubulin

Control AICly AICL;+Ptg AICI;+Pt,,
Treatment group

B B

0.4 I b

=
w
1

AP/ B-tubulin
<>
(]

&
—
1

Control AICI AICl;+Ptg AICI;+Pty,
C Treatment group
Tau ~
Tau T G e —
0'7 7 p-tubulin Pree———
0.6 1
£ 0.5 -
-
S 04 1
& !
S 0.3
S 0.2
0.1 1
0.0

Control AICI, AICL,+Pt, AICL+Pt,, '
Treatment group

Figure 38. Ameliorative effect of PTME on the AD pathological markers in the

hippocampal region of an aluminum chloride-mediated Alzheimer’s disease rat. (A)

BACEIL. (B) AB. (C) Tau. All values are expressed as mean = SEM, n = 5. p < 0.05

shows a significant difference (one-way ANOVA/Tukey’s multiple comparison).

Statistically significant data are represented with different alphabetical letters.
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Figure 39. PTME administration improved the histopathological alterations in the

hippocampus of an aluminum chloride-mediated Alzheimer’s disease rat. (A) Group
1, or the control group, showed viable, well-defined neuronal cells with a distinct
nucleus (arrow). (B) Group 2 or AICI3 group showed a large number of damaged,
distorted, irregular neuronal cells (arrowhead) with shrunken cytoplasm and dark
pyknotic nuclei. (C) Group 3 or AlICI3 + Pts group showed a bit of improvement from
damaged neurons (arrowhead), as a greater number of normal neurons (arrow) were
seen compared to group 2. (D) Group 4 or AICI3 + Ptjo group showed a remarkable
decrease in the number of injured or damaged cells and an increase in the number of
viable neuronal cells. Arrow- viable and well-defined neuronal cells. Arrowhead-

damaged, distorted, and irregular neuronal cells.
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Table 17. The effect of a single-dose methanolic extract of Parkia timoriana seed pod

on the physical observations of Wistar albino rats exposed to it in an acute toxicity

study.

Observation Control | 1000 mg/kg | 3000 mg/kg | 5000 mg/kg
Change in temperature X X X X
Change in skin X X X X
Eye colour change X X X X
Food intake Normal Normal Normal Normal
General physique Normal Normal Normal Normal
Diarrhoea X X X X
Coma X X X X
Drowsiness X X X X
Breathing difficulties X X X X
Tremor X X X X
Fur Normal Normal Normal Normal
Salivation X X X X
Red tear X X X v
Death 0 0 0 2

Note: X- Not observed; V- Observed
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Table 18. The impact of a single-dose methanolic extract of Parkia timoriana seed
pod on the body weight and relative organ weight of Wistar albino rats exposed to it

in an acute toxicity study.

Organ Control 1000 mg/kg | 3000 mg/kg | 5000 mg/kg
Initial body weight | 210+0.98 | 216+1.31 204 +£0.81 221 +£0.89
Final body weight | 216 +0.81 | 218 +£0.93 207 +0.98 222 +1.09
Kidney 0.63+0.07 | 061+0.06 | 0.62+0.05 | 0.60+0.05
Liver 293+040 | 259+0.38 | 256+0.37 | 3.11+£0.36
Lungs 091+0.09 | 081+0.07 | 0.74+0.11 | 0.84+0.08
Spleen 022+0.14 | 022+0.13 | 0.21+0.12 | 0.27+0.10
Brain 099+0.25 | 0.84+0.19 | 0.80+0.25 | 0.94+0.27
Heart 0.42+0.06 | 040+0.04 | 0.40+0.03 | 0.42+0.07
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Table 19. The impact of a single-dose methanolic extract of Parkia timoriana seed
pod on the haematological parameters of Wistar albino rats exposed to it in an acute
toxicity study. All values are expressed as mean = SEM, n = 5. p < 0.05 shows a
significant difference (one-way ANOVA/Tukey’s multiple comparison). Statistically

significant data are represented with different alphabetical letters.

Parameter Control 1000 mg/kg | 3000 mg/kg | 5000 mg/kg
RBC (10%/ul) 6.69 £ 0.36 6.99 £ 0.51 6.37+£0.83 |6.62+0.24
WBC (10%/ul) 9.05+0.43 8.99 £ 0.27 9.35+046 |9.98+0.32
Hb (g/dl) 13.2 +0.46 1256 £ 0.23 | 13.61+0.41 | 12.98 + 0.66
Hematocrit (%) | 45.12+1.6 4486 +1.42 |4598+1.03 |45.26+1.20
MCV (fl) 69.65+3.81 |68.76 +3.37 | 70.56 +£3.41 |68.12+2.81
MCH (pg) 19.64+152 |18.98+1.03 |20.97+1.18 |20.05+1.38
MCHC (g/dl) 29.86+£2.06 |28.31+251 |2894+22 |28.65+1.95
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Table 20. The impact of a single-dose methanolic extract of Parkia timoriana seed
pod on the biochemical analysis of Wistar albino rats exposed to it in an acute toxicity
study. All values are expressed as mean = SEM, n = 5. *p < 0.05 shows a significant
difference (one-way ANOVA/Tukey’s multiple comparison). Statistically significant

data are represented with different alphabetical letters.

Parameter Control 1000 mg/kg | 3000 mg/kg | 5000 mg/kg
AST (U/ml) 40.67 £2.62 | 39.17 +1.97 |42.26+3.12 | 43.86 + 2.89
ALT (U/ml) 29.01+1.91 |31.07+2.62 |31.91+2.14 | 33.61+3.02
ALP (KA. Units)* | 12.81+0.812| 12.67 + 1.062| 13.02 + 1.21% 14.79 + 0.73°
Creatinine (mg %)™ | 0.79+ 0.0612| 0.77 + 0.098% | 0.82 + 0.087% 0.94 + 0.048°
Urea (mg/dl) 37.89+0.92 |39.12+2.18 | 38.78+1.72 | 40.71 + 1.21
Cholesterol (mg/dl) | 58.56 +3.01 | 54.81+2.09 |57.82+2.81 | 59.03 £ 1.63
Triglycerides (mg/dl)| 30.21 +1.90 | 31.78 + 2.11 | 28.56 £1.02 | 30.88 + 1.91
HDL (mg/dl) 23.41+1.23 | 23.81+131 |22.27 £1.09 | 22.91 + 0.98
LDL (mg/dI) 9.12+1.03 |10.28+0.92 |8.89+1.26 |9.87£0.79
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Table 21. The effect of a repeated-dose methanolic extract of Parkia timoriana seed

pod on the physical observations of Wistar albino rats exposed to it in a 28 days sub-

acute toxicity study.

Observation Control | 20 mg/kg | 50 mg/kg | 100 mg/kg |300 mg/kg
Change in temperature X X X X X
Change in skin X X X X X
Eye colour change X X X X X
Food intake Normal | Normal Normal Normal Normal
General physique Normal | Normal Normal Normal Normal
Diarrhoea X X X X X
Coma X X X X X
Drowsiness X X X X X
Breathing difficulties X X X X X
Tremor X X X X X
Fur Normal | Normal Normal Normal Normal
Salivation X X X X X
Red tear X X X X X
Death 0 0 0 0 4

Note: X- Not observed; v - Observed
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Table 22. The effect of a repeated-dose methanolic extract of Parkia timoriana seed

pod on the body weight and relative organ weight of Wistar albino rats exposed to it

in a sub-acute toxicity study.

Organ Control 20 mg/kg 50 mg/kg 100 mg/kg
Initial body weight | 232+0.98 | 229+1.01 219+ 0.76 222 +1.19
Final body weight 238+0.87 | 234+0.95 226 +0.88 227 +£0.79
Kidney 0.72+0.21 | 0.73+0.18 | 0.68+0.17 | 0.69+0.16
Liver 3.25+0.60 | 228+0.43 | 3.20+0.59 | 3.07+0.57
Lungs 1.09+£0.33 | 1.11+0.29 | 0.90+0.21 0.98 +0.19
Spleen 024+011 | 0.24+£0.10 | 0.34+£0.17 | 0.34+£0.17
Brain 094+£0.20 | 096+0.18 | 0.91+0.26 | 0.98+0.24
Heart 0.47+0.08 | 043+£0.17 | 0.36+0.13 | 0.39+0.12
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Table 23. The effect of a repeated-dose methanolic extract of Parkia timoriana seed
pod on the haematological parameters of Wistar albino rats exposed to it in a sub-acute
toxicity study. All values are expressed as mean = SEM, n = 5. *p < 0.05 shows a

significant difference (one-way ANOVA/Tukey’s multiple comparison). Statistically

significant data are represented with different alphabetical letters.

Parameter Control 10 mg/kg 20 mg/kg 50 mg/kg
RBC (10%ul) 7.03 £ 0.56 7.52+0.38 6.90+0.67 |7.21+0.51
WBC (10%/ul) 8.82 £ 0.87 8.09 £ 0.61 791+0.29 |847+0.58
Hb (g/dl) 12.19+0.91 |1245+0.49 |13.32+0.72 | 12.89+0.39
Hematocrit (%) |43.89+2.16 |4571+271 |42.61+3.91 |47.36+1.82
MCV (fl) 63.52+3.64 |59.66+285 |61.28+1.95 |64.71+2.82
MCH (pg) 18.64+162 |1695+1.28 |19.21+0.98 | 16.94+1.91
MCHC (g/dl) 26.99+1.09 |27.81+201 |30.62+271 |27.81+£1.92
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Table 24. The impact of a repeated-dose methanolic extract of Parkia timoriana seed
pod on the biochemical analysis of Wistar albino rats exposed to it in a sub-acute
toxicity study. All values are expressed as mean = SEM, n = 5. *p < 0.05 shows a

significant difference (one-way ANOVA/Tukey’s multiple comparison). Statistically

significant data are represented with different alphabetical letters.

Parameter Control 20 mg/kg 50 mg/kg 100 mg/kg
AST (U/ml) 37.12+2.19 | 35.81+£1.01 |3562+2.81 |39.08+2.07
ALT (U/ml) 27.56+1.98 | 28.38+1.31 [27.01+0.81 | 26.19+1.21
ALP (K.A. Units) 11.62+0.69 |10.84+1.27 |12.04+0.95 | 11.88+1.09
Creatinine (mg %) | 0.65+0.069 | 0.62 +0.091 | 0.68 £ 0.057 | 0.71 + 0.058
Urea (mg/dl) 30.17+2.19 |3351+1.72 | 32.16 +2.67 | 29.95+2.08
Cholesterol (mg/dl) | 46.18 +1.82 | 45.21 £2.17 | 48.52 + 3.38 | 49.71 + 3.02
Triglycerides (mg/dl)| 32.61 +2.13 | 33.21+1.84 | 30.14 +2.81 | 30.68 + 0.97
HDL (mg/dl) 27.21+0.89 | 24.67+2.73 |2543+1.79 | 26.89 +1.28
LDL (mg/dl) 1054+£1.33 |11.41£0.71 |1226+1.17 | 12.78 £1.82
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4.5. DISCUSSIONS
4.5.1. Acute and sub-acute toxicity study

Parkia timoriana, besides its significant nutritional content, has been shown to possess
antioxidant, antibacterial, antidiabetic, anti-proliferative, and insecticidal activities
(Angami et al., 2018). The pods of P. timoriana contain a significant quantity of
tannins, flavonoids, saponins, anthocyanins, and leuco-anthocyanins (Salam et al.,
2009). Similarly, this research demonstrated a significant concentration of flavonoids
and phenols in the methanolic extract of the seed pods of P timoriana. These
phytochemical components in medicinal plants are responsible for their antioxidant
properties and support bioactive activities (Aiyegoro and Okoh, 2010). Considering
these properties of P. timoriana, the present study was designed to see the effect of
PTME on Alzheimer’s disease. However, the toxicity and food safety of P. timoriana
have not been well explored. Before using traditional plants for their medicinal
benefits, it is crucial to conduct a thorough scientific toxicological study to accurately
estimate their toxicological characteristics. This evaluation is necessary even for the
traditional plants with the most efficient therapeutic effect (Chanda et al., 2015;
Jayesh et al., 2017).

The findings from the acute toxicity study demonstrate that the single-dose oral
administration of the PTME to rats at doses of 1000, 3000, and 5000 mg/kg shows
signs of mortality in two rats at a dose of 5000 mg/kg. However, the value of LDso was
found to be more than 5000 mg/kg body weight. According to the Organisation for
Economic Development (OECD) standards outlined in its Globally Harmonised
Classification System (GHS) for chemical compounds and combinations, substances
having an LDso greater than 2000 mg/kg are classified as either unclassified or in
category 5 (Walum, 1998). In addition, the OECD 423 guidelines state that if all the
animals in the study lived until the end of the experiment, it indicates that the extract
has a low level of toxicity and should be classified in category 5 (Brondani et al.
2017). These findings indicate that the LDso of PTME may be considered safe. No sign

of morphological change was observed at all doses, except for a rat treated with 5000
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mg/kg who had a red tear. Red tears are often seen as an indication of stress or illness

(Mason et al., 2004).

Acute toxicity findings often have minimal clinical relevance. Consequently, research
on sub-acute toxicity was conducted. Substances used to treat chronic diseases may
need a toxicological review to assess their potential for sub-acute toxicity. This is
because regular use of these substances may lead to their buildup in the body, which
can have progressive effects on tissues and organs (Ugwah-Oguejiofor et al., 2019).
The repeated-dose administration of PTME at doses of 20 mg/kg, 50 mg/kg, and 100
mg/kg did not show any mortality. However, four rats (only one survived) died at a
dose of 300 mg/kg. No morphological change was observed at all doses. The food and
water intake, as well as body weight and relative organ weight, did not show any
significant change in both the administration of single-dose and repeated-dose PTME.
Body weight, feed, and water intake have been used as indications to assess the overall
health state of experimental animals (El-Hilaly et al., 2004). Organ weight changes
are highly responsive markers of toxicity in toxicity studies. They may reflect effects
on enzymes, physiological disruptions, and injuries to target organs (Michael et al.,
2007). A rise in organ weight indicates hypertrophy, whereas a reduction signals
necrosis in the target organ (Teo et al., 2002). Although organ weights may offer
valuable indications of the effects caused by the test article, it is important to interpret
this data in conjunction with gross pathology, clinical pathology, and histopathological

results in order to have a comprehensive understanding (Sellers et al., 2007).

Haematological parameter analysis is used to assess the level of toxicity of
pharmacological compounds, including plant extracts (Ibrahim et al., 2016).
Haematopoiesis refers to the biological process by which blood cells are produced.
The predictive value of human toxicity is stronger when data from animal research is
translated, particularly in relation to changes in the haematopoietic system (Olson et
al., 2000). In this investigation, the administration of PTME in both acute and sub-
acute studies did not result in any significant alterations in the blood parameters, except
for a slight elevation of WBC in acute toxicity study. WBCs are highly adaptable cells

that play a crucial role in initiating an immune response to foreign chemicals (Pearce
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et al., 2013). The rise in lymphocytes indicates a potential immunostimulatory impact

of the plant (Ugwah-Oguejiofor et al., 2019).

The liver and kidney functions play a crucial role in the survival of animals. Their
functioning may be assessed using serum biochemical analysis, which is essential in
the toxicological assessment of xenobiotics (Bariweni et al., 2018). Serum liver
function tests provide insights into the condition of the liver. AST, ALP, and ALT are
primarily synthesised by hepatocytes, and any damage to the liver might result in an
elevation of these enzyme levels in the bloodstream (Adedapo et al., 2004). Elevated
levels of liver enzymes are indicative of hepatocellular toxicity (Brautbar and
Williams, 2002), whereas a reduction may suggest enzyme inhibition (Akanji et al.,
2013). In the acute toxicity study, there was a significant increase in the level of ALP
at a dose of 5000 mg/kg and a slight increase in the levels of AST and ALT. This shows
acute hepatocellular toxicity at a higher single-dose administration of PTME. The
histopathological study has confirmed the presence of deteriorated alterations in the
liver tissue, providing further evidence of liver cell damage caused by PTME at a
higher single dosage of 5000 mg/kg. No significant change was observed in the levels
of AST, ALP, and ALT at 20 mg/kg, 50 mg/kg, and 100 mg/kg after repeated-dose
administration of PTME for 28 days. As a result, the histological examination of the
liver in these groups also showed normal architecture of the liver tissue. However, the
administration of a repeated-dose of PTME at a dose of 300 mg/kg for 28 days caused
the death of four rats, and the surviving rat showed deteriorated alterations in the liver

tissue.

The kidney function test showed that the level of creatinine was significantly increased
at a single-dose administration of 5000 mg/kg, and there was a slight increase in the
level of urea. Renal toxicity is characterised by increased concentrations of creatinine,
urea, and uric acid in the circulation as a result of impaired kidney function, which
hinders the efficient removal of these waste products (Feriani et al., 2017). Therefore,
a single-dose administration of PTME at a dose of 5000 mg/kg may cause
nephrotoxicity, as creatinine levels are regarded as significant indicators of renal
impairment (Mukinda and Eagles, 2010; Chebaibi et al., 2019). This was evident as

the histological examination showed significant damage in the tissue of the kidney at
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a dose of 5000 mg/kg. In the sub-acute toxicity study, no significant change was
observed in the level of creatinine and urea at 20 mg/kg, 50 mg/kg, and 100 mg/kg
repeated-dose administration of PTME for 28 days, and the histological examination
at these doses showed normal hepatocytes displaying no apparent alterations in the
morphological features. However, the repeated-dose administration of PTME at a dose
of 300 mg/kg for 28 days caused the death of four rats, and the surviving rat showed
highly damaged kidney tissue. The sub-acute toxicity study revealed that a repeated-
dose administration of PTME at a dose of 300 mg/kg showed signs of mortality and
toxicity in the surviving rat. Therefore, a lower dose < 100 mg/kg may be preferred for
chronic use to treat different types of diseases. The NOAEL of the methanolic extract

of Parkia timoriana seed pods was found to be 100 mg/kg.
4.5.2. AICIz-mediated Alzheimer’s disease treatment

The present work assesses the neurotoxic impacts of administering aluminum chloride
to adult rats for a duration of 6 weeks, as well as the neuroprotective benefits of Parkia
timoriana. The research emphasises the influence of aluminum on memory, presents
more proof of the health risks linked to aluminum food additives, and explains the

processes via which aluminum contributes to the development of Alzheimer's disease.

This research demonstrates that PTME has an ameliorative effect on the impairment
of learning and memory caused by aluminum. This effect was shown in both the novel
object recognition (NOR) and Y-maze tests, and it is associated with changes in
biochemical indicators in the hippocampus. The Morris water maze is a well-
established technique used to assess spatial learning and memory in rats. However, the
experimental situation in NOR is conducive to the well-being of the animals and
closely resembles the conditions of human behavioural examinations. Therefore, the
Morris water maze might be supplanted by this test as the principal method for
assessing the efficacy of new medications in treating Alzheimer's disease (Zhang et
al., 2012; Ennaceur and Delacour, 1988). The Y-maze task is a precise and effective
test for evaluating spatial recognition memory in rats. The test is based on the inherent
inclination of rats to investigate a new environment (Yusuf et al., 2009; Van der

Borght et al., 2007; Hidaka et al., 2011). The Y-maze used in this investigation does
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not employ any unpleasant stimuli and was deemed appropriate for assessing memory.
Prior research has shown that elevated amounts of aluminum in the brain might hinder
long-term potentiation, which is believed to be the primary physiological mechanism

underlying learning and memory (Llansola et al., 1999; Shuchang et al., 2008).

Oxidative stress is a crucial factor that might impact the initiation and pathological
advancement of Alzheimer's disease (Wang et al., 2014; Zhao and Zhao, 2013). The
excessive accumulation of free radicals causes oxidative damage to macromolecules,
which in turn leads to brain damage and cognitive deficits (Bertram and Tanzi, 2008).
Reactive oxygen species (ROS) generated in brain tissues may regulate the
transmission of signals between neurons, both at the synapses and outside of them.
This can lead to inflammation in the brain and the death of cells, ultimately causing
neurodegeneration and memory impairment (Popa-Wagner et al., 2013). GSH
depletion is a key sign in patients throughout the course of neurodegenerative diseases
(Bharath et al., 2002). In the present study, the administration of PTME reduced the
negative effects caused by AICIls, such as decreased MDA levels and increased GST
and GSH levels. This demonstrates that PTME improved the oxidative stress caused
by AICl3 in the hippocampus. The hippocampus plays a crucial role in the development
of recognition memory in both humans and animals (Barker and Warburton, 2011).
It is often considered to be a significantly damaged region throughout the course of

Alzheimer's disease (Bingman and Jones, 1994).

Acetylcholine (ACh) is the primary neurotransmitter responsible for learning and
memory activities. Changes in cholinergic activity are the major cause of
neurochemical abnormalities in Alzheimer's disease (Rakonczay et al., 2005; Gold,
2003). Acetylcholinesterase (AChE) is the enzyme used to identify and measure
cholinergic activity. It breaks down and ends the natural effects of ACh in the body.
Aluminum may increase the activity of AChE by interacting with its peripheral
locations and altering the secondary structure (Zatta et al., 1994; Liaquat et al., 2019;
Thirunavukkarasu et al., 2012). The current research attributes the increased activity
of AChE in the group treated with AICI; to the direct impact of Al. Our investigation
revealed that the simultaneous administration of PTME resulted in a significant

decrease in AChE activity in the hippocampus.
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A significant discovery of this study is that PTME hindered the activation of NF-kB
in the hippocampus, which in turn reduced the occurrence of subsequent pathological
events. A previous study has shown an increase in NF-kB expression in rats treated
with aluminum (Zhao et al., 2014). NF-kB, once activated, moves into the nucleus
and attaches to DNA, causing the activation of genes related to inflammation, such as
IL-8 and IL-6 (Karin, 2009; Brasier, 2010). Furthermore, NF-kB enhances the
production of BACE1 and hinders the ability of microglial cells to engulf and remove
AP42 peptide monomers, leading to their accumulation and formation of larger
amyloid structures (Tamagno et al., 2012; Zhao et al., 2014). In addition, the
activation of NF-kB leads to the production of suppressor of cytokine signaling-3
(SOCS3), which functions as a negative controller of the JAK/STAT3 pathway,
therefore inhibiting STAT3 activation (McFarland et al., 2013). Therefore, NF-«xB is
probably the primary upstream mediator responsible for the neuronal abnormalities
seen in this research, such as AP accumulation, increased production of pro-

inflammatory cytokines, and apoptosis.

In Alzheimer's disease (AD), neuroinflammation is a key process that is initiated by
the introduction of aluminum and the deposition of the toxic AP protein. This leads to
the activation of microglia and a rise in the number of astrocytes in the hippocampus
(Glass et al., 2010). The production of pro-inflammatory cytokines, TNF-o and IL-6,
in the hippocampal regions of aluminum-treated rats is likely associated with A
deposition, tau phosphorylation, and activation of NF-kB (Rubio-Perez and
Morillas-Ruiz, 2012; McFarland, 2013). IL-1b, IL-6, and TNF-a have been widely
studied as pro-inflammatory mediators in the brain. They have a role in the
development of memory and learning impairments in Alzheimer's disease (Akiyama
et al., 2000; Li et al., 2015). In the present study, the administration of PTME lowered
the expression of these pro-inflammatory cytokines, including IL-6 and TNF-a,

probably by inhibiting the expression of NF-kB.

Apoptosis has been a subject of significant concern due to its crucial role in the
pathological progression of Alzheimer's disease (Paquet et al., 2018). Apoptosis is
tightly controlled by two primary categories of Bcl-2 family proteins: the anti-

apoptotic members, including Bcl-2 and Bcel-xL, and the pro-apoptotic members,

191



including Bax, Bak, and BH3-domain-only proteins (Fiandalo and Kyprianou,
2012). Upon receiving apoptotic signals, BH3-domain-only proteins interact with and
disable the anti-apoptotic Bcl-2 protein, which typically deactivates the pro-apoptotic
Bax/Bak proteins (Cheng et al., 2001). The Bax/Bak proteins become activated and
form oligomers in the outer mitochondrial membrane. These oligomers create pores
that cause the mitochondrial wall to become permeable, allowing cytochrome ¢ to be
released into the cytosol. This release of cytochrome c triggers the activation of
caspase-9, which then acts on downstream targets, including caspase-3, ultimately
leading to apoptotic cell death (Zou et al., 1999; Wei et al., 2001; Ohtsuka et al.,
2003). In the current study, there is an increased expression of active caspase-3 and
Bax by the aluminum exposure, which might be linked to the reduction of Bcl-2
expression levels. Interestingly, the administration of PTME caused a decrease in the

levels of active caspase-3 and Bax, most likely by restoring the Bcl-2 expression level.

Rats treated with aluminum showed increased expression of BACEI1, which was
correlated with elevated hippocampus A levels. In fact, BACE1 and y-secretase cause
two consecutive endoproteolytic cleavages of the amyloid precursor protein to produce
AP (Vardy et al., 2005). The cleavage of APP by BACEI is the first and necessary
step for the formation of AB42. Additionally, the levels of BACE1 are increased in
both experimental models of Alzheimer's disease and in the brains of Alzheimer's
disease patients (Li et al., 2004; Harada et al., 2006; Zhao et al., 2007). Downstream
consequences of AP toxicity are the phosphorylation of tau and the disruption of
microtubule networks, which are crucial underlying processes leading to neuronal
death and the development of Alzheimer's disease (Patrick et al., 1999). A stimulates
the phosphorylation of tau, most likely via activating proteases generated by Ap (Park
and Ferreira, 2005) and increasing the activity of several kinases that target tau, such
as glycogen synthase kinase-3 (GSK-3) (Reifert et al., 2011). The administration of
PTME reduces the expression level of AP, probably by inhibiting the activity of
BACEI. Furthermore, the reduction in the expression level of tau protein may be

attributed to the suppression of AP toxicity by the administration of PTME.

The administration of the methanolic extract of P. timoriana seed pods successfully

restored the histopathological alterations of the hippocampus caused by AICl;3 toxicity.
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It reduced the aberrant overexpression of BACEIL, AP, and phosphorylated tau in the
hippocampus. Furthermore, it successfully counteracted the increase in AChE level
caused by aluminum, inhibited inflammation in neurons, reduced oxidative stress in
neurons, and increased the activities of antioxidants GSH and GST in the
hippocampus. Additionally, it decreased the activity of pro-apoptotic biomarkers,
including caspase-3 and Bax, and increased the levels of Bcl-2, an anti-apoptotic

biomarker.

4.6. KEY FINDINGS

e The acute toxicity study found that PTME, administered at doses of 1000,
3000, and 5000 mg/kg, caused mortality in two rats at 5000 mg/kg dosage, with
a LDso value exceeding 5000 mg/kg body weight. According to the OECD, the
LDso of PTME may be considered safe. There were no observable changes in
the morphology of the subjects at any of the administered dosages, except for
one rat treated with 5000 mg/kg which had a red tear.

e The repeated-dose administration of PTME at doses of 20 mg/kg, 50 mg/kg,
and 100 mg/kg did not show any mortality. However, four rats (only one
survived) died at a dose of 300 mg/kg. No morphological change was observed
at all doses.

e The food and water intake, as well as body weight and relative organ weight,
did not show any significant change in both the administration of single-dose
and repeated-dose PTME.

e The administration of PTME in both acute and sub-acute studies did not result
in any significant alterations in the blood parameters, except for a slight
elevation of WBC in acute toxicity study.

¢ In the acute toxicity study, there was a significant increase in the level of ALP
at a dose of 5000 mg/kg and a slight increase in the levels of AST and ALT.
This shows acute hepatocellular toxicity at a higher single-dose administration
of PTME. The histopathological study has confirmed the presence of
deteriorated alterations in the liver tissue, providing further evidence of liver

cell damage caused by PTME at a higher single dosage of 5000 mg/kg.
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In the sub-acute toxicity study, no significant change was observed in the levels
of AST, ALP, and ALT at 20 mg/kg, 50 mg/kg, and 100 mg/kg after repeated-
dose administration of PTME for 28 days. As a result, the histological
examination of the liver in these groups also showed normal architecture of the
liver tissue. However, the administration of a repeated-dose of PTME at a dose
of 300 mg/kg for 28 days caused the death of four rats, and the surviving rat
showed deteriorated alterations in the liver tissue.

In the acute toxicity study, the kidney function test showed that the level of
creatinine was significantly increased at a single-dose administration of 5000
mg/kg, and there was a slight increase in the level of urea. This was evident as
the histological examination showed significant damage in the tissue of the
kidney at a dose of 5000 mg/kg.

In the sub-acute toxicity study, no significant change was observed in the level
of creatinine and urea at 20 mg/kg, 50 mg/kg, and 100 mg/kg repeated-dose
administration of PTME for 28 days, and the histological examination at these
doses showed normal hepatocytes displaying no apparent alterations in the
morphological features. However, the repeated-dose administration of PTME
at a dose of 300 mg/kg for 28 days caused the death of four rats, and the
surviving rat showed highly damaged kidney tissue.

The sub-acute toxicity study revealed that a repeated-dose administration of
PTME at a dose of 300 mg/kg showed signs of mortality and toxicity in the
surviving rat. Therefore, a lower dose < 100 mg/kg may be preferred for
chronic use to treat different types of diseases. The NOAEL of the methanolic
extract of Parkia timoriana seed pods was found to be 100 mg/kg.

The novel object recognition (NOR) and Y-maze tests have demonstrated that
PTME has an ameliorative effect on the learning and memory impairment
caused by aluminum.

The administration of PTME improved the oxidative stress (MDA) caused by
AICl3 in the hippocampus and increased GST and GSH anti-oxidant levels.
The current research attributes the increased activity of AChE in the group

treated with AICI; to the direct impact of Al. Our investigation revealed that
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the simultaneous administration of PTME resulted in a significant decrease in
ACHhE activity in the hippocampus.

PTME hindered the activation of NF-kB in the hippocampus, which in turn
reduced the occurrence of subsequent pathological events, such as A
accumulation, increased production of pro-inflammatory cytokines, and
apoptosis.

The administration of PTME lowered the expression of pro-inflammatory
cytokines, including IL-6 and TNF-a, in the hippocampus of AlCl3-mediated
AD rats, probably by inhibiting the expression of NF-kB.

The administration of PTME caused a decrease in the levels of active caspase-
3 and Bax in the hippocampus of AlCls;-mediated AD rats, most likely by
restoring the Bcl-2 expression level.

The administration of PTME reduces the expression level of AP in the
hippocampus of AlCls;-mediated AD rats, probably by inhibiting the activity of
BACEI. Furthermore, the reduction in the expression level of tau protein may
be attributed to the suppression of AP toxicity by the administration of PTME.
The administration of the methanolic extract of P timoriana seed pods
successfully restored the histopathological alterations of the hippocampus

caused by AICI3 toxicity.
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CHAPTER-5
SUMMARY

Parkia timoriana is a nutritious, underutilized leguminous tree found in the north-
eastern regions of India and other Southeast Asian nations. In addition to its significant
nutritional content, P. timoriana has been shown to possess many biological activities,
including antioxidant, antibacterial, antidiabetic, anti-proliferative, and insecticidal
activities. The pods of P. timoriana also contain a significant quantity of tannins,
flavonoids, saponins, anthocyanins, and leuco-anthocyanins. These phytochemical
components in medicinal plants are responsible for their antioxidant properties and
support bioactive activities. With these properties in consideration, the primary
objective of this research is to evaluate the beneficial impact of P. timoriana seed pods
on cognitive impairment in rats with Alzheimer's disease produced by AICl;. However,
the toxicity and food safety of P. timoriana have not been well explored. Therefore,
prior to conducting the experiment, an analysis was performed on the phytochemical
contents of P timoriana seed pods, and their toxicity was evaluated using
computational techniques. Furthermore, these phytocompounds were subjected to
molecular docking, MD modelling, and free energy calculation to assess their
interactions with BACE1 and AChE protein receptors. Acute and sub-acute toxicity

studies were conducted to estimate the LDso and NOAEL values of the plant.

In the present study, nine bioactive compounds were identified through GC-MS
analysis and fifty-two bioactive compounds were identified through LC-MS analysis.
The phytocompounds present in the methanolic extract of P. timoriana seed pod were
mostly composed of flavonoids, alkaloids, and terpenoids. The PTME has a total
phenol concentration of 421.64 + 3.38 mg GAE/g of extract and total flavonoid

concentration was measured to be 280.893 +4.31 mg QE/g of extract.

The predicted acute toxicity of phytocompounds from PTME showed four distinct
hierarchies. a) fathead minnow > T. pyriformis > D. magna > rat; b) fathead minnow
> D. magna > T. pyriformis > rat; ¢) D. magna > fathead minnow > T. pyriformis > rat;
and d) T pyriformis > fathead minnow > D. magna > rat. This shows that

phytocompounds from PTME had less toxicity for mammalian species (rat/LDso)
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compared to aquatic organisms (LCso/fathead minnow and D. magna, 1GCso/T.
pyriformis). All of the phytocompounds found in PTME, except two, had a
bioconcentration factor under 2000 and were therefore considered non-
bioaccumulative. Forty-six out of sixty-one phytocompounds from PTME were
considered toxic for the developmental stage, whereas apigenin glucoside arabinoside,
isoschaftoside, maritimetin-6-O-glucoside, apiin, 3-ox0o-C8-homoserine lactone, and
ouabain were safe alternatives. The majority of the phytocompounds (fifty-one out of
sixty-one) from PTME showed negative carcinogenic and mutagenic properties. The
oral toxicity test revealed that 75% of the phytocompounds are highly toxic
(Cramer/category III), while 64% do not affect fertility or possess reproductive
toxicity. The study found that 37.70% of phytocompounds had a high NOAEL value,
which indicated their safety and did not cause negative effects, while the remaining
phytocompounds (62.29%) were toxic and had positive side effects. The repeated dose
toxicity analysis of the phytocompounds showed forty-eight out of sixty-one are safe
and do not cause any damage to organs, with a significant number of phytocompounds
showing bioavailability, metabolized by cytochrome-P450 enzyme complex, and
excreted from the body. The phytocompounds studied have properties for dementia
treatment (thirty-one phytocompounds), cytochrome P450 stimulant (seventeen
phytocompounds), anti-oxidant (forty-one phytocompounds), anti-inflammatory
(forty-five  phytocompounds), neurotrophic factor enhancer (twenty-three
phytocompounds), amyloid-f aggregation inhibitor (five phytocompounds),
acetylcholine stimulant (fifteen phytocompounds), and Alzheimer disease treatment

(two phytocompounds).

The ADMET study using SwissADME demonstrated that forty compounds had drug-
likeness properties as indicated by Lipinski’s rule of five, thirty-two compounds were
considered to have a good affinity for a lipophilic environment, thirty-one compounds
that have the capacity to be absorbed by the body when taken orally and have the
ability to reach certain target areas inside the body as per their TPSA value, forty-eight
compounds have non-hydrogen atoms that falls under the acceptable range, sixteen
compounds possess an acceptable molar volume, and thirty-six compounds were in the

acceptable range of molar refractivity. No compound was found highly soluble as per
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LogS value. However, six compounds showed solubility, twenty compounds slightly
soluble, and thirty-five compounds lack solubility. Additionally, twenty-seven
phytocompounds revealed high absorption in the gastrointestinal tract, and twenty
compounds showed blood-brain barrier permeation. With respect to GPCR, ion
channel modulator, kinase inhibitor, nuclear receptor ligand, protease inhibitor, and
enzyme inhibitor, all the sixty-one phytocompounds of Parkia timoriana fall under the
category of active and moderately active drugs. Thirty-eight phytocompounds
successfully met the P-gp substrate criteria, fifty-three showed no alert for PAINS
filters, and nineteen phytocompounds did not show alert for BRENK. The majority of
the phytocompounds had lesser skin permeability. Similarly, the majority of the
compounds indicated good oral bioavailability and can be moderately synthesize.
Thirty-nine compounds inhibited one or the other enzyme of the cytochrome p450

enzyme complex.

The molecular docking analysis revealed that the phytocompounds from the
methanolic extract of Parkia timoriana seed pods strongly bind to BACE1 and AChE
receptors, with binding affinities ranging from -5.3 kcal/mol to -10.3 kcal/mol against
the BACE1 receptor and from -6.0 kcal/mol to -10.3 kcal/mol against the AChE
receptor. Sixteen and fifteen phytocompounds had binding affinity < -9.0 kcal/mol
against BACE1 and AChE, respectively. The selected top hit ligands for the BACEI
receptor include ergocristine as the best-ranked ligand with a binding affinity of -10.3
kcal/mol, followed by nicotiflorin, voacamine, and isorhamnetin-3-O-rutinoside with
binding affinity of -10.2 kcal/mol, -10.1 kcal/mol, and -10.1 kcal/mol, respectively.
Whereas, the top hit ligands for the AChE receptor include apiin and maritimetin-6-O-
glucoside as the best binding ligands with binding affinity of -10.3 kcal/mol each,
followed by paeoniflorin and silychrystin with binding affinity of -10.2 kcal/mol and
9.8 kcal/mol, respectively. TRP76, PHE108, TYR71, LYS107, and ILE126 were the
most common residues of BACEI, among the other interacting residues, that were
interacting with the top hit ligands through hydrogen and hydrophobic bonds and
therefore may be important in ligand binding. On the other hand, SER125, TYR341,
TYR124, and TRP86 were the most common residues of AChE, among the other
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interacting residues, that were interacting with the top hit ligands through hydrogen

and hydrophobic bonds and therefore may be important in ligand binding.

The MD simulation studies confirmed that the top hit ligands formed a stable complex
with BACEI having RMSD, RMSF, and Rg values of ~0.2 nm, ~0.1 nm, and ~2.0 nm,
respectively. However, the BACEIl-nicotiflorin and BACE]I-isorhamnetin-3-O-
rutinoside complexes formed a significantly higher number of H-bonds of 4.94 and
3.88, respectively, compared to the other complexes. Similarly, the MD simulation
studies confirmed that the top hit ligands formed a stable complex with AChE having
RMSD, RMSF, and Rg values as ~0.24 nm, ~0.11, and ~2.3 nm, respectively. On the
other hand, the AChE-maritimetin-6-O glucoside and AChE-paeoniflorin complexes
formed a higher number of H-bond of 3.27 and 2.76, respectively, compared to the

other complexes.

The binding free energy calculation for BACE1 by MM/PBSA method showed that all
the simulated complexes formed a strong bonding complex, with BACE1-voacamine
complex showing exceptionally high binding free energy of -417.951 + 31.736 kJ/mol.
Similarly, the binding free energy calculation for AChE by MM/PBSA method showed
that all the simulated complexes also formed a strong bonding complex, with AChE-
silychristin complex showing exceptionally high binding free energy of -385.386 +
18.965 kJ/mol. The main energy contribution of the BACE1 receptor's amino acids in
the binding of lead ligands at the active site indicated that residues TYR 71, ASP 106,
ASP 228, PHE 108, SER 35, ASP 32, and ASP 223 of the BACEI receptor played a
significant role in the intermolecular interaction and the binding of the ligands.
However, in complexes involving AChE and ligands, distinct amino acid residues
played a role in contributing to the binding energy for each of the lead ligands. The
principal component analysis showed that the Ca of both BACEI and AChE when
complexed with the top hit ligands occupied very less phase space further confirming

the stability of the complex formed.

The acute toxicity study found that PTME, administered at doses of 1000, 3000, and
5000 mg/kg, caused mortality in two rats at 5000 mg/kg dosage, with a LDso value
exceeding 5000 mg/kg body weight. According to the OECD, the LDso of PTME may
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be considered safe. There were no observable changes in the morphology of the
subjects at any of the administered dosages, except for one rat treated with 5000 mg/kg
which had a red tear. The repeated-dose administration of PTME at doses of 20 mg/kg,
50 mg/kg, and 100 mg/kg did not show any mortality. However, four rats (only one
survived) died at a dose of 300 mg/kg. No morphological change was observed at all
doses. The food and water intake, as well as body weight and relative organ weight,
did not show any significant change in both the administration of single-dose and
repeated-dose PTME. The administration of PTME in both acute and sub-acute studies
did not result in any significant alterations in the blood parameters, except for a slight
elevation of WBC in acute toxicity study. In the acute toxicity study, there was a
significant increase in the level of ALP at a dose of 5000 mg/kg and a slight increase
in the levels of AST and ALT. This shows acute hepatocellular toxicity at a higher
single-dose administration of PTME. The histopathological study has confirmed the
presence of deteriorated alterations in the liver tissue, providing further evidence of
liver cell damage caused by PTME at a higher single dosage of 5000 mg/kg. In the
sub-acute toxicity study, no significant change was observed in the levels of AST, ALP,
and ALT at 20 mg/kg, 50 mg/kg, and 100 mg/kg after repeated-dose administration of
PTME for 28 days. As a result, the histological examination of the liver in these groups
also showed normal architecture of the liver tissue. However, the administration of a
repeated-dose of PTME at a dose of 300 mg/kg for 28 days caused the death of four
rats, and the surviving rat showed deteriorated alterations in the liver tissue. In the
acute toxicity study, the kidney function test showed that the level of creatinine was
significantly increased at a single-dose administration of 5000 mg/kg, and there was a
slight increase in the level of urea. This was evident as the histological examination
showed significant damage in the tissue of the kidney at a dose of 5000 mg/kg. In the
sub-acute toxicity study, no significant change was observed in the level of creatinine
and urea at 20 mg/kg, 50 mg/kg, and 100 mg/kg repeated-dose administration of
PTME for 28 days, and the histological examination at these doses showed normal
hepatocytes displaying no apparent alterations in the morphological features.
However, the repeated-dose administration of PTME at a dose of 300 mg/kg for 28
days caused the death of four rats, and the surviving rat showed highly damaged kidney

tissue. The sub-acute toxicity study revealed that a repeated-dose administration of
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PTME at a dose of 300 mg/kg showed signs of mortality and toxicity in the surviving
rat. Therefore, a lower dose < 100 mg/kg may be preferred for chronic use to treat
different types of diseases. The NOAEL of the methanolic extract of Parkia timoriana
seed pods was found to be 100 mg/kg.

The novel object recognition (NOR) and Y-maze tests have demonstrated that PTME
has an ameliorative effect on the learning and memory impairment caused by
aluminum. The administration of PTME improved the oxidative stress (MDA) caused
by AICI; in the hippocampus and increased GST and GSH anti-oxidant levels. The
current research attributes the increased activity of AChE in the group treated with
AICI3 to the direct impact of Al. Our investigation revealed that the simultaneous
administration of PTME resulted in a significant decrease in AChE activity in the
hippocampus. PTME hindered the activation of NF-«B in the hippocampus, which in
turn reduced the occurrence of subsequent pathological events, such as Af
accumulation, increased production of pro-inflammatory cytokines, and apoptosis.
The administration of PTME has also lowered the expression of pro-inflammatory
cytokines, including IL-6 and TNF-a, in the hippocampus of AlClz-mediated AD rats,
probably by inhibiting the expression of NF-kB. It caused a decrease in the levels of
active caspase-3 and Bax in the hippocampus of AlCl3-mediated AD rats, most likely
by restoring the Bcl-2 expression level. The administration of PTME reduces the
expression level of AP in the hippocampus of AlCl3-mediated AD rats, probably by
inhibiting the activity of BACEL. Furthermore, the reduction in the expression level
of tau protein may be attributed to the suppression of AP toxicity by the administration
of PTME. The administration of the methanolic extract of P. timoriana seed pods
successfully restored the histopathological alterations of the hippocampus caused by

AICl; toxicity.
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CHAPTER 6
CONCLUSION

The majority of the compounds detected, using GC-MS and LC-MS analyses, in
PTME are alkaloids, flavonoids, and terpenoids. A high content of total flavonoid and
total phenol was found in the extract. The phytocompounds from PTME have higher
toxicity (LCso and IGCso) for aquatic animals than for terrestrial mammals (LDso). The
phytocompounds from PTME are mostly not bioaccumulative, mutagenic, or
carcinogenic and are bioavailable, metabolized by Cyt-P450 enzymes, and eliminated
from the body. The phytocompounds have a wide range of biological effects, including
dementia treatment, cytochrome P450 stimulant, anti-oxidant, anti-inflammatory,
neurotrophic factor enhancer, amyloid-f aggregation inhibitor, acetylcholine
stimulant, and Alzheimer’s disease treatment activities. Potent developmental
toxicants and low NOAEL values were predicted in P. timoriana phytocompounds.
The phytocompounds had favourable pharmacokinetic and pharmacodynamic
features, as well as a robust binding affinity, forming stable complexes with the
BACE1 and AChE receptors. Ergocristine, nicotiflorin, voacamine, and isorhamnetin-
3-O-rutinoside exhibited the strongest binding affinity (< -10.1 kcal/mol) against
BACE]1 and apiin, maritimetin-6-O-glucoside, paconiflorin, and silychrystin (< -9.8
kcal/mol) against AChE. Additionally, these molecules displayed high energy non-
bonded interactions, appropriate folding, stability, compactness, flexibility, and limited
movements in the analysis of molecular dynamics simulation and free energy
calculation. The drug-likeness, molecular docking, MD simulation, and free energy
calculation investigations of the phytocompounds from PTME provide thorough
validation of their neuroprotective potential. The acute toxicity analysis of the PTME
demonstrated a high LDso value > 5000 mg/kg, which corresponds to the anticipated
high LDso value in the computational research. However, the sub-acute toxicity
exhibited a low NOAEL of < 100 mg/kg, as predicted by the computational analysis.
This research reveals the positive impacts of PTME in mitigating the pathological
disruptions resembling Alzheimer's disease generated by aluminum. PTME
successfully restored the histopathological alterations and reduced the aberrant

overexpression of BACEI, AP, and p-tau. Additionally, it restored the cognitive
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impairment caused by aluminum, repressed inflammation in neurons, reduced
oxidative stress in neurons, decreased caspase-3 activation, and increased levels of
GSH and GST. PTME likely provided protection by regulating NF-kB activation,

which in turn controls Bcl-2 signalling.
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Repurposing of phyto-ligand molecules from the honey bee products
for Alzheimer’s disease as novel inhibitors of BACE-1: small molecule
bioinformatics strategies as amyloid-based therapy
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Abstract

Alzhedmers diseass (AD) 5 one of the peurodegenerative diseases. mandfesting dementia, spatial disoriemation, language.
cagritve, ad functional tmparment, mainly affects the ebderly popalation wath a growang concern about the Anascal barden
on sacaely. RI'.'|:!.II.'|:IC'N1I:IIS can wnprove the trachironal progress afl drus design upl|:l||.-;.'uI|l.'||:|s anel could :-:[.'ll’:u’d up the adesnification
of innovateve remedses for AR The pursuin of potent ant-BACE-1 drags for AD weatment has beoome a pot bodler wopee i
thi recent past and o mstgate te desien of novel improved inbabitors from the bee products. Drog-likeness charclersiies
{ADMET: absoiption, dstnbation, asstababisimn, excretson, and tosseny], docking (AdoDock Vieah simulabon (GROMACS),
and free energy mizracton (MM-PESA, molecolar mechanics Fousson-Bolizmann surface area) analyses were performed
o dcdentify the lead candsdates from the bee products (500 boactsves from the honey, royal jelly, propolis, bee bread, bes
wins. ad bee venom) for Alzheiner’s disease as novel inbabitors of BACE-1 (beta-sie amyloid precursor protem cleay-
g enzyme (1) meoeplor using appropriate Momformanes wols. Forgy-four bioactive lead compoonds were screened from
thie bee products trough ligh throughpat visneal seesentig on the basis of ther pharmacokinene amd pharimacodynamcs
charactersies, slowing favorable miestinal and oral absorprion, boavalabilicy, bloesd brain barrier penetraton, less skin
permeability. and no nhibaoen of evtechrome BAS0 inbubitors, The docking score of the forry-four lgand molecules was
found 10 be between —d4 and — 103 kealfnsol, respectively, exhibiing strong lnding affinay 1o BACE] receptor. The highest
hll:d.lng afl'll:ul}' wias observed in the rotan {—10.3 keal'maoal ), 3,4-d||.'u|'I'L'|h'_u'|.-|.|_m|:||c acud (—9.5 keal'mol), semorosone (—9.5
kcalfmsolh, and luteolin (-89 kealfmuol). Furthermose, these compounds demonstrated hagh wial bindmg energy —T3.20 o
— IR Kl mol), and low rood seean square deveation (001940202 pm), root meean sguare Bucoaiaon (L0985 1136 mm),
rading of gyvration (2.12 nm), number of H-bonds (0.778-5.436), and eigenvector values {2.39-3.54 nm® in the molecular
dynarmic simulation, sagnfying resieicted moton of Co avons, proper foldig asd Sexibiling, and highly stable with compact
of the BACE] meceptor wath the hgands, Docking and simulation siades concluded that rutn, 3 4-dcafeoylguinie acid,
aemorosone, and litealin ane pladsibly used as novel inlabnos of BACEL 10 combat AD, bt further in-depth experinseital
mvesigations are warranted o prove these o sileeo findigs.

Keywords ADMET - Aleheimer's disease - BACE] - Honeybee products - Repurposing - Molecular dynamics

Introduction
Misekbann Misa and Vikos Bumar Roy comribeted equally o thas
o Alzheamer's disease (AD) = an irreverable progresave neu-
Respansibile Editer: Loth Aleya sl generative disorder leading o deteroration in cogniiave
fuictions and changes 1 belavior and personality (Martins
=1 Guroswans Gurasubramasaan et al. 2018). AD causes cogmtive and functional impair-

gurusfid @ yakon com; meutld&Emeu.edu.in ment, including dementia and disabality in the older people

Department of Zoology, Mizoram University, Aiziwd, ared 10 13 docomented as a public health precedence by the
Mlizoram T9E00., [ndia WHO (Scon e al. 2006, WHO 20210 Aging ws the maln

Pubdished onling; 20 Fehnary 2023 ﬂ Springer

270



Id"\-"l.-l-—
Indian Jourral of Bicchemistry & Biophysics f I § "':Iu
Vol &, December 2003, pp. 896018
DO 1056042 T bb v 60i 1 26973

drwslar
i

ST - e

s

Teerma Momin Bidanchi', Bose Manikandan', Almed-Laskar Saced', Gini Abinash', Buragohain Pori’, Sailo Lalringuali’,

e g e

Computational toxicology and food safety assessment of Parkia timoriana
phytoconstituents using quantitative structure-activity relationship (QSAR)
modeling approaches
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As o kead compound, nateral comprnds have undergone extensive research in &fferem entaprises. Since they might alse
have ather adverse effects, determining their toxicity is crucial. Compuintional methods can ciroamaent the main challenges
sorcimied with assessing the toxiciy of subsiances using i wive and i witro lechnigqoes, indhuding time, money, labor, and the
use of animal models. Although Parbie dmoriang (PT) bas o significant economic potential, iis explodiation has vet to be
thoroughly explored m terms of #s foxecity and fomd safely. In PT seed pod eximots, 6] phyiocompoends with a predomanance
af alkakids, flavonaids, and 1epenoids were identified using GC-MS and LC-M3ME amalysis. Lhilizing the TEST, OECD
QEAR waolks, VEGA-HUE, Toxtree, and PASE tools, phytccompeunds from FT were assessed for toxicity, food safety rsk
smessmend, and biological activity. The physochemicals were tested on muhiple species, including Dapfnia mogea, Pirepdbalies
promeias, Tetraliymena potiomis, and mis, o determine their toxicity using the QSAR-TEST tool. For aguatic and
marrmalian arganisms, the phytocompoands from PT were shown o be bazardous in the following four hierarchical arderss i)
£ promnetas= T im0, megea=f saregions, i1 P promelas=00 sagnee T orafes=® norvegions, i) D magna=
£ promelas=T. pyriforee=f mervegious, and TT ppafenus=P, promeles=0 mogme=R aorvegiows. Despste being nons
hicacoumulative, non-muszgenic, and non-=carcinogenic in nahure, the mapanity of phytoconpounds were developmenial toxins.
More than half of the phytochemicals derived from FT were highly 1oxic (Cramer oral toxicity) and manifesied negative side
effects {with a bower NOAEL walue).Most of the subsiances did not exhibit organ toxicity in the repeated dose oxicity test,
were bisavailable, metabolized by cytochrome-P450 pathway, and were excreted from the body. PASS predicted that the
examined phyvioconstiments from PT were to demonstrate o wide range of amti-osidant, free radical scavenger, amii-
inflanematory., amtiviral, anti-fungal, anti-neoplastic, antibacteral, and anti-protoecal activities. For the purpese of explanng
dmg discavery, additional research of the phy tocompounds on 2 v models is sdvised.

Keywords: Compatational toxicelogy, Food safety, GC-MS, LOMSMS, Forka disovant, Quantimtive structare-activity
relativnship modeling, Risk assessment

bl s e

Parlia fimoriana {PT, Fabaceac), also known as the
tree  bean, 15 a numtionally  nch,  underfilized
leguminous free that grows m northeasten Indin and
various  Sowtheast  Asian coundries.  From  an
cthnobotanical standppint, free beans are significant to
cthnic groups in & number of provinces of Mortheast
India, Burma, Bangladesh, Pakistan, China, Thailand,
Malaysia, and the Gambia. Mumerous allments are
treated with concoctions of bark, frost, and leaf
portions. All edible parts of this plant, from the lowers
and voung pods through the mature seeds, are in

*Correspondence:
Phane: +91. 765007075 (Maob): +91-98623599411 [Moh)
E«mail: krssraod@ vahpocom; gunstdivahoo.com

seasonally high demand and offer a good supply of
nuirients . If utilized properly, tree beans could serve as
an gdditional source of vegetable proteins. The protein
level of pods ranged from 12.1% in tender o 18.8% in
mature pods, but kemnels had substantially  greater
profein content (28.8%) than peds’ it has been found
that the pods of PT contain significant amounts of
tannins, flavonoids, saponins, anthocyanims, and leoco-
anthocyanins’. Tree bean has been found to have
antioxidant, e-glucosidase and n-amylase mhibitory,
antibacterial, antidiabetic, antiproliferative, antiviral,
mmmune boosting, and insecticidal effects. It has also
been used to treat liver and skin discases, uleer, colon
cancer, leprosy, hypertension, and painfil c}lc:ﬁ]. In the
case of PT pods, leaves, and ather plant parts are caten
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Repurposing immune boosting and anti-viral efficacy of Parkia bioactive entities as
multi-target directed therapeutic approach for SARS-CoV-2: exploration of lead drugs
by drug likeness, molecular docking and molecular dynamics simulation methods

Roy Dinata® (9, Nisekhoto Nisa*, Chettri Arati, Borgohain Rasmita, Chetia Uditraj, Rajkonwar Siddhartha,
Baishya Bhanushree, Laskar Saeed-Ahmed, Bose Manikandan, Rema Momin Bidanchi, Giri Abinash, Buragohain
Pon, Maurya Khushboo, Vikas Kumar Roy* and Guruswami Gurusubramanian (3
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ABSTRACT ARTICLE HISTORY
The COVID-19 pandemic has d acly heaith (se respiratory, enteric and systemic infections) and Received 9 Decomber 2022
emvironmental impacts that have threatened public health and the econamy worldwide. Drug repurposing Accepted 10 March 2023
and small molecule multi-target directed herbal medicine therapeutic approaches are the most appropriste

exploration strategies for SARS-CoV-2 drug discovery. This study identified potential multi-target-directed mz 3
Parkia bioactive entities against SARS-Col/-2 recepters (S-protein, ACE2, TMPRSS2, RBD/ACE2, RdRp, MPra, 2 M0a® &0 tles;
and PLPro) using ADMET, drug-likeness, molecular docking (AutoDock, FireDack and HDOCK), molecular muls target-drected:
dynamics simulation and MM-P8SA tools. One thousand Parkic bna:ﬁve entities were screened out by vir- approach; ADNET,

tual screening and farty-five biocactive phytomolecules were selected based on favorable bindng affnity malecular-docking;
and acceptable pharmacokinetic and pharmacodynamacs propertes. The binding affinity values of Parkio malecular simulation
phyte-ligands (AuteDock: —6.00-— 1040 kealimol; FreDock: —31.00~-62.02 keal'mol; and HDOCK: —150.0-

~294.93 kealimal) were observed to be higher than the reference antiviral drugs (AutoDock: —5.50-

—~9.10 kealimol; FreDock: —35.64--59.35 keal/mol and HDOCK: —132.62--211.87 keal/mol), suggesting &

potent modulstory action of Parka bicactive entities against the SARS-CoV-2. Dudymin, rutin, epigallocate-

chin galiste, epicatechin-3-0-galiate, hyperin, ursolic acid, lupeal, stigmasta-5,24{28-diene-3-ol, ellagc acid,

apagenin, stigmastercl, and campesterol strongly bound with the multiple targets of the SARS-CoV-2 recep-

tors, mhibiting viral entry, attachment, binding, replication, transcription, maturation, packaging and spread.

Furthermare, ACE2, TMPRSS2, and MPro receptors passess significant molecular dynamic properties, nclud-

ing stability, compactness, flexibdity and total binding energy. Residues GLU-589, and LEU-95 of ACE2, GLN-

350, HIS-186, and ASP-257 of TMPASS2, and GLL-14, MET-45, and GLN-189 of MPro receptors contributed to

the formation of hydregen bonds and binding interactions, ﬂlyngvml reles in mhbmgmextmyoﬂhe

receptors. Promising results were achieved by developing multi-targ Parkia bioactive entities as

lead and prospective candidates under a small molecule strategy against SARS-CoV-2 pathogenesss. The

antiviral activity of Parkia bioactive entities needs to be further vabdated by pre-clinscal and clinical trials.

vt e it Taees b teste o
& Pyt i “h- | compect conpies of ncoptr
“~ see avele
CONTACT G @© gurusb4iyahoa com @) Depa of Zoalogy, A L y, Azawl, Mzoram 796004, Inda

QSMpphmml data for this artick can be accessed onbne at hetpsy//dol org/10.1080/07 391102 20232192797
*These authors coneributed equaly to the work.
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Pharmacological and therapeutic potential of honey bee antimicrobial peptides

Drinata Boy', Chend Arati’, Bose Manikandan®, Giel Abinagh', Nisekhote Nisa', Baishva Blamushree',
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Honey bees (Apidae: Aping) and stingless bees [Apsdoe: Meliponing) act as the main pollinators for many wild and
cultivated tropical plants, playing o vital role i the eocology, economy, and culture. Honey bees and stingless bees ane one of
the major sources of antimicrobial peptides'proteins (AMPs) synthesized in fat bodies and blood cells of bees. Bee AMPs
are o class of small peptides having amino acid ressdues between 9 and 340, classified hased on source, activity, strsctural
chamctersizes, and amino acid-rich species. AMPs have a wide range of inhibstory effects against bacieria, fungi, parasites,
and vinmes. Four antimicrobial peptide familses, Le., apidaecins (proline-rich), abaecin {proline-rich), hymenoptascin
{glycine«rich), and defersin (cystine-rich} are synthesized in the haemodymph, signifying o broad specinem of antimicrobial
aciivity. Jelleimes (1IV), rovalisin, opisimin (serine-valinesrich peptide], 100 HDWA, apalbomin, and apisin, which are presemt
in raval jelly, have antimicrobial. mast cell degranulating, and hemalysis activity. Bee venom also contnins several hinactive
peptides, such as apamin {(beucine-cystine=rich), melsttin (lewcine-alanine-rich), melectin {lysine-rich), adolapin, secapin
{proling-rich}, and tertiapin {cystine-lysine-richk. Curremly, AMPs datahases are displaying an essential role in explaration,
identification, chamcierizaton, and annolation. Severmnl AMPs daiabases (CAMP, DEAMP, APD. InverPep, LAMP,
ADAPTABLE, ADAM, AntiBP, AMPer, AVPpred. EFC-FCHF, and class AMP) are open-access resources that have heen
developed 1o enhance research on antimscrohial pepiides. Bee imnune responses are composed of a mubitfaceted group of
individual immune medhanisms and special types of behavioml adaptations. Given the importance of drug discovery from
honey bee AMPs, this review is aimed at providing an exhausiive soreening of the AMPs detected in honey and boneybee
products and  their classification, datshases, compotational tools, physicochemical propenies, sipnaling pathways,

A Review

pharmacewtical and clinical uses, application siatus, prospects, and problems 1o be solved

Keywords: AMPs, Databases, Homey bees, Signaling pathways, Thempewtic applications

Iniroduction

Honey bees and stingless bees, act as one of the
major pollinators in wild forest and  agriculiure
gystems, are indispensable for conserving ecolagical
bindiversity, Flnbal ccological stability, productivity
and economy . Besides, both honey bees and stingless
bees are capable to produce different types of honey,
raval jelly, bee wax, propolis, bee bread and bee
venom based on diverse floral resources visit and can
vicld significant contributions to human  society
(Fig. 11 Neventheless, several factors scemingly lead
to bee depopulation and eolony/brood loss events,
mcluding pathogens {parasites, fungi, bacteria and
viruses), ecosystem alteration or loss, and the use of
pesticides  and  antibiofics  intimidate  wild  plant
diversity,  terrestrial  ecosystem stability,  crop

*Comespondence:
Phane +91-TEI0T0075; +#] AREI30941 1 (Mak)
E-mail: krsrnofyahoo com (KESSR | gunebidizyaheo.com (G
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produciion, glohal tood supply, and human welfare’.
The immune system of bees is capable of changing its
defence mechanisms, =0 it 15 essential to understand
how it works in order to examine how it reacts to
variows pathogenic and stresstul situations that affect
thie health and behaviour of bee colonies (Fig. 1).

Bee immunity serves as an example of the
superorganism theory since it relies on both individual
and colony-level defence mechanisms to protect bees
from infections and stressful situations®. Additionally,
bees” social immunity—a network of behavioural,
physiological, and oreanizational responses  that
prevents the admission, establishment, expansion, and
transmission of parasites and microbial diseases in the
colony—supplements  their  physiological  immune
systems. Bee immune responses are comprised of
distinctive  categorics  of  behavieral  adapiations,
cvolutionary conserved defense strategies (cellular
and  humoral  responses)  and  asscemblage  of
multifaceted discrete immune mechanisms that afford
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Dietary phytoestrogen diosgenin interrupts metabolism, physiology, and
reproduction of Swiss albino mice: Possible mode of action as an emerging
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1. Intraduction supplements, their consumption has been asgmented worldwide o the

tune of 15-200 mg, especially in the Asian region (Rlegens eral, 20070

Phytoestragens are plant-derived pelyphenolic compounds found im
warkons foods that demonstrabe a structural resemblance o endogenoes
buman hormones and have numenous health benefits. Witk their
promising recognition #s a drug for bormonal replacement therapy,
contrateptives, nutroceuticals, functenal  foods, and  dietary
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Preclindal studies have evidenced thiat the intake of phytnestrogens
may affect the physiology (hormoses and health), and reproduction in
humans depending on the exposure {phytosstrogen categery, milieu-
foodcapsule, dose, and bloavailability), roce, hosmone propostion
{associared with age, s2x, and physiological starus), and health status of
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Long-term consumption of fermented pork fat-based diets differing
in calorie, fat content, and fatty acid levels mediates oxidative stress,
inflammation, redox imbalance, germ cell apoptosis, disruption

of steroidogenesis, and testicular dysfunction in Wistar rats
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Abstract

There {4 a dearth of experimental evidence available as o whether the consumption of fermented pogk fa1 {FFF) food bas any
harenful effects cn metabolism and reproduction doe w s excessive calories, high fa content, and fany scud msethyl ester
(FAME) levels. We hypothesized that exposure 10 a FPF-dier wath excessave calores, a bigh fan content, and high FAME
levels alters testcular plysiology and metabolism, leading w0 permanent damage o the tesucalar system and 18 foscton.
Thirteen-week-old male rats (n=20} were assigned o a logh-calorie, kigh-far diet (FPF-H, fa-60%, 23 kl'g), a modere-
calorie, maderate-Far diet (FPE-M, Fa-300% 175 klig), a low-caborie and losw-fan diet (FPF-L, fa-15%, 14,21 k)g) compared
to the standard diet (Control, fa-10%, 1256 ke orally for 90 days, GC-MS analysis of the three FEF-des showed high
uannibes of saturated fary scids (SFA) and polyunsamrated fany acids-ob (FUFA-oa) and low levels of monounsaturaced
famy acids {MUFA) and polyunsatorated fany scrds-od (FUFA-@3 ) compared to the control digt. Consequently, the levels
of serum FAMES of the FPF-daet fed rats were sagnificantly mereased. In additen, a high level of n-6:0-3 PUFA wwards
PUFA-wh was observed inothe seoum of FEF-dier fed rats due o the high contem of hnoleie, p-lhinolene, and arschadense acid.
Lomg-term consumption of FPF-diets disiurbed the ambropomerrical, nucimonal, plysiedogical, and metabolic profiles. Fue-
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1. INTRODUCTION

Alzheimer’s disease (AD) is a neurodegenerative disease that is the most prevalent and
complex type of dementia, exhibiting a variety of cognitive deficits, altered personality
traits, and aberrant behaviour (Alzheimer’s association, 2024; Ravi et al., 2018). The
World Health Organisation (WHO) projects that there will be 139 million dementia
patients worldwide by 2050, up from 55 million in 2019 (WHO, 2023). Additionally,
it is predicted that the expenses related to dementia would double, reaching $2.8

trillion by 2030 from US$1.3 trillion annually in 2019 (Long et al., 2023).

The two main pathogenic markers seen in AD are neurofibrillary tangles (NFTs) and
senile plaques, although the precise processes causing these changes are yet unknown.
Senile plaque is produced when extracellular AR peptide aggregate, while aberrant
hyperphosphorylated tau protein deposits result in NFTs. In addition, AD has been
associated with mitochondrial —malfunction, neuroinflammatory, impaired
neurotransmissions, hormonal changes, and cell cycle abnormalities (Tarragon et al.,
2013; Lam et al., 2016). The amyloid-beta (AP) peptide is formed from the APP
(amyloid precursor protein) by a sequence of proteolytic cleavages and subsequent
post-translational modifications, resulting in the generation of amyloid plaque (Hardy
and Selkoe, 2002). BACE] is responsible for the crucial, or first, cleavage of APP at
the P site. The cleavage of APP by BACEI leads to a diversion from the normal non-
amyloidogenic route, which is controlled by a secretase. This diversion results in the
production of two peptides: APPsp (soluble ectodomain) and C99 (membrane-bound
C terminus). y-secretase further processes the C99 to produce AB40 and AB42 (Golde
et al., 2000; Suh and Checler, 2002). AB42 is highly neurotoxic and is synthesised to
generate the senile plaques, which are the pathological characteristics of Alzheimer's
disease (Sanchez-Varo et al., 2012). According to the amyloid cascade hypothesis,
the buildup of AB42 is a subsequent occurrence in AD. It occurs before and probably
plays a role in triggering the excessive phosphorylation of tau, leading to the formation
of intracellular NFTs (neurofibrillary tangles). The presence of this secondary
pathology, together with the buildup of AP, plays a role in a series of abnormal
processes that result in the death of brain synapses and neurons (Cervellati et al.,

2021). Because of this factor, BACEI has been extensively researched in relation to



brain amyloidogenesis and has been shown to have a direct role in the generation of
AP based on evidence from several mice knockout models. Pharmacological
interventions have been used to target BACEI, resulting in the invention and testing
of several inhibitory drugs. These compounds have effectively reduced the levels of
AP in human subjects (Park, 2010; Hampel et al., 2021). The BACE1 level was
discovered to be greatest in the postnatal brain of mice and in extracts from the brains
of humans with AD. In both AD animal models and AD brains, there was a significant
buildup of BACEI in neuritic dystrophies around AP plaques. This accumulation is
presumably due to a post-translational process. Inducing autophagy in mutated human
neurons increases the accumulation of BACEI in distant axons via autophagy,

resulting in improved pB-cleavage of APP (Hampel et al., 2021).

AChE plays a crucial role as an enzyme in the cholinergic nerve system. Throughout
the course of Alzheimer's disease, several kinds of neurons deteriorate. There is a
significant loss of cholinergic neurons in the brain of AD, which is followed by a
gradual decrease in acetylcholine (Garcia-Ayllon et al., 2011). In the brain tissue of
people with AD, the enzyme acetylcholinesterase (AChE) is more prevalent than
butyrylcholinesterase (BuChE). This abundance of AChE leads to the breakdown of
acetylcholine (ACh) in the cerebral cortex and hippocampus (Nordberg et al., 2013).
Currently, the improvement of cholinergic neurons remains a primary strategy in the
symptomatic management of cognitive and behavioural symptoms in individuals with
mild and moderate stages of AD. As part of this treatment approach, many substances
were used which enhances the release of ACh in the hippocampus (Lista et al., 2023;
Nordberg et al., 2013).

Currently, Alzheimer's disease has no known treatment and no known means of
prevention. Research centres worldwide are focusing on finding ways to cure or
prevent dementia, given that over 55 million people worldwide suffer from
Alzheimer's and other dementias, which have a terrible impact on people's lives
(Alzheimer’s association, 2024; WHO, 2023). There are now eight medications,
including, lecanemab, aducanumab, galantamine, rivastigmine, donepezil, memantine,
brexpiprazole, and a combination of donepezil and memantine, on the market that can

treat Alzheimer's disease (Alzheimer’s association, 2024).
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Parkia timoriana (DC.) Merr., also commonly known as tree bean, is a versatile tree
belonging to the Leguminosae family and the Mimosoideae sub-family. This species
is the most prevalent Parkia in the Indo-Pacific region, ranging from northeast India to
Irian Jaya. It is a medium-height tree, reaching 10-12 meters, with numerous branches,
and holds significant commercial and ecological value in the region (Singha et al.,
2021). The indigenous people of northeast India use the pods and seeds of this tree as
vegetables, chutneys, and salads at various stages of development or dry them in the
sun for use during the off-season. It is a superior source of carbohydrates, proteins,
minerals, and vitamins when compared to other legumes (Saha et al., 2007; Seal,
2011). The tree is well-suited to diverse agro-climatic regions, thriving in both cold
hilly areas and hot plains. It typically grows wild in forests, Jhum fields, and backyards
across northeast India without requiring special care. This tree is valued for its high
medicinal and nutritional properties (Thangjam, 2014). Tree bean can serve as an
excellent source of a variety of nutrients and supplements. The seeds of P. timoriana
are abundant in protein- globulins and albumins; minerals- phosphorus, manganese,
magnesium, zinc, potassium, and iron; essential amino acids — tyrosine, phenylalanine,
leucine, and isoleucine; and fatty acids- linoleic and oleic acids. The essential amino
acid composition found in the kernel of P. timoriana is similar to the essential amino
acid requirement pattern outlined by FAO/WHO/UNU (1985) for preschool children
(Longvah and Deosthale, 1998; Angami et al., 2018). Tree bean has demonstrated a
wide range of medicinal properties, including antioxidant, antiviral, antidiabetic,
insecticidal  effects, antibacterial, immune-boosting, and antiproliferative.
Additionally, it has been used in the treatment of colon cancer, skin and liver diseases,
ulcers, eyes, hypertension, and leprosy. In addition to containing antioxidants that help
prevent various diseases, tree bean can also enhance children's learning abilities

(Sheikh et al., 2016; Tapan, 2011; Angami et al., 2018).

Since time immemorial, plants have been widely recognised as a source of medicine
for various human diseases (Siddiqui et al., 2020). Despite the discovery of numerous
plant-derived drugs, the exploration of new bioactive compounds remains necessary
to expand the range and find less toxic, more effective medications (Noumi et al.,

2020; Reddy et al., 2020). Herbal medications have recently garnered significant



interest due to their safety and cost-effectiveness. Bioactive compounds, which are
secondary metabolites of plants, can produce pharmacological and toxicological
effects in living organisms (Lépez-Vallejo et al., 2011). Preclinical toxicity and
adverse drug reactions account for approximately one-third of product failures (Van
Norman, 2020). Screening each phytocompound for toxicity through in vitro and in
vivo techniques is challenging. However, computational techniques are crucial for
studying the toxicity and properties of both chemical and natural compounds, as they
facilitate early drug development by enabling the early detection of substances lacking
experimental data. These methodologies also provide a substitute for toxicity studies
conducted on animal models (Pognan et al., 2023). In silico prediction approaches use
the physiochemical features of a substance to estimate its activity in a given biological
system. QSAR (quantitative structure activity relationship) and SAR (structure activity
relationship) are mathematical models that predict the relative structures' activities in

a compound (Kar and Leszczynski, 2019).

Utilising in silico research is the optimal approach for initiating pharmacological target
development. Traditional methods are insufficient for the timely discovery of drug
targets. Attaining majority aims using considerably rapid methods is challenging.
Computational methods, such as molecular docking, MD simulations, and MM/PBSA
computations, are significantly contributing to the field of drug discovery (Hou et al.,

2011; Keretsu et al., 2021).

The primary objective of this research is to evaluate the beneficial impact of P,
timoriana seed pods on cognitive impairment in rats with Alzheimer's disease induced
by AICI;. However, the toxicity and food safety of P. timoriana have not been well
explored. Therefore, prior to conducting the experiment, an analysis was performed on
the phytochemical contents of methanolic extract of P. timoriana seed pods, and their
toxicity was evaluated using computational techniques. Furthermore, these
phytocompounds were subjected to molecular docking, MD simulation, and free
energy calculation to assess their interactions with BACE1 and AChE protein
receptors. Acute and sub-acute toxicity studies were conducted to estimate the LDso

and NOAEL values of the plant extract.



2. OBJECTIVES

e GC-MS and LC-MS analysis of phytocompounds of P. timoriana and
evaluation of phytocompounds toxicity using in silico tools.

e Molecular docking and molecular dynamics simulation of phytocompounds
from P. timoriana to BACE1 and cholinesterase protein receptor: an in silico
therapeutic intervention study on Alzheimer’s disease.

e Biological evaluation of P. timoriana in ameliorating learning and memory

processes in an aluminum chloride induced Alzheimer’s disease rat model.
3. MATERIALS AND METHODS
3.1. Phytochemical analysis and computational toxicology
3.1.1. Collection, identification and extraction of Parkia timoriana seed pods

Parkia timoriana seed pods were collected from Tanhril village in Aizawl, Mizoram.
The species bearing the accession number 1016 was identified by the BSI (Botanical
Survey of India), Eastern Regional Centre, Shillong. They were air-dried and crushed
into a powder and immersed in methanol for 72 hours. The extract was then filtered
through Whatman filter paper No.1 and subjected to evaporation in an oven at 40 °C.
The resulting dry extract was stored at 4°C until used (Kuete et al., 2006; Sen et al.,
2013).

3.1.2. Total flavonoid content

A solution was prepared by dissolving 0.2 g of extract in 10 mL of distilled water,
using a ratio of 1:50 (w/v). This solution was then used to determine the total phenolic
and flavonoid content. The total flavonoid content was quantified using the method
reported by Zhang et al. (2012), with minor adjustments. The extract was mixed with
a 5% NaNO; solution, 10% AICl; solution, and 1M sodium hydroxide. The absorbance
was measured using a spectrophotometer at a wavelength of 510 nm. Quercetin was
used as a standard to generate a calibration curve. The total flavonoid content (TFC)

was reported as quercetin equivalents in mg QE/g of the dried extract.



3.1.3. Total phenol content

The Folin-Ciocalteu reagent technique was used to quantify the total phenolic content.
The extract was added to a test tube containing 2.5 mL of 10 % Folin-Ciocalteu reagent
and 2.0 mL of 2 % NaCOs; and incubated for 60 minutes. The absorbance at 765 nm
was measured using a spectrophotometer, and gallic acid was used as a standard to
generate a calibration curve. The total phenolic content was quantified as gallic acid

equivalents in mg GAE/g of the dried extract (Sen et al., 2013).
3.1.4. Gas chromatography-mass spectrometry analysis

The PT seed pod extracts were analyzed using the GC-MS-2010 (Shimadzu, Japan) in
EI mode at 70 eV electron ionisation energy. A Restek-5MS column was used, with
pure helium gas flowing at a constant rate of 1 mL/min. The GC-MS spectrum was
detected using an electron ionisation energy technique. The injector temperature was
maintained at 260°C, and a flow control mode was used. The column oven temperature
was set at 120°C for two minutes, then increased by 10°C each minute until reaching
280°C. Finally, it was raised to 300°C and maintained at that temperature for 20
minutes. The chromatogram and mass spectra were analyzed using the Xcalibur™
software integrated into the GC-MS/LC-MS equipment. The phytochemical contents
of the test samples were determined by comparing their retention time, mass spectral
patterns, peak height, and peak area with those stored in the NIST library and Dr.
Duke's ethnobotanical phytochemical databases (Duke, 2000).

3.1.5. Liquid chromatography-mass spectrometry analysis

The Acquity UPLC H-Class equipment was used to separate phytochemicals using
various chromatographic conditions, including mobile phase composition, injection
volume, flow rate, and gradient programmes. The mobile phase consisted of a 0.1%
(v/v) aqueous solution of formic acid (A) and acetonitrile (B) at a flow rate of 1.5
mL/min. The ideal conditions for separation were column pressure ranging from 0 to
300 bar and column temperature of 30 °C. The compounds were separated using an
Acquity CSH C18 column at a temperature of 30 °C. Two solvents, 0.1% (v/v) formic
acid in water (A) and methanol (B), were used to create a gradient elution at a flow

rate of 1.5 ml/min. The gradient programme started with an initial concentration of 5%
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(B) and increased to 30% (B) from 6 to 12 minutes, 60% (B) from 12 to 16 minutes,
and 80% (B) from 16 to 20 minutes. The concentration of component D started at 95%
and remained constant for 1 minute. The sample injection volume was 10 pL. The MS
analysis was conducted on the Water UPLC-TQD Mass Spectrometer using data-
dependent automated switching between MS and MS/MS collection modes. The
spectra were recorded using both positive and negative ionisation modes, with a mass

acquisition range of 150-2000 m/z.
3.1.6. Toxicity prediction by QSAR-TEST

The toxicity of the phytocompounds found in Parkia timoriana seed pods was
evaluated using QSAR-TEST (Version 5.1.2), a tool created by the US EPA (Martin,
2020). This programme uses many QSAR tactics, such as hierarchical, single-model,
group contribution, nearest neighbour, and consensus mode of action approaches, to
accurately assess the toxicity of a chemical for each specific endpoint (Martin et al.,
2008). The TEST programme has models for predicting different toxicities: 96-hour
fathead minnow and 48-hour Daphnia magna to test median lethal concentration
(LCso) (Martin and Young, 2001; U.S.E.P.A., 2016). Tetrahymena pyriformis, a
single-celled organism, is to show a 50 percent growth inhibition concentration
(IGCso). Median lethal dose (LDso) prediction using rats (Zhu et al., 2009). Also,
bioconcentration factor (BCF) (Zhao et al., 2008), developmental toxicity (Cassano
et al., 2010), and mutagenicity (Ames’s test) (Benfenati et al., 2009).

3.1.7. Toxicity prediction by VEGA HUB, OECD QSAR and Toxtree

The toxicological properties, including repeated dose toxicity (HESS), oral toxicity,
and Lipinski rule oasis, were predicted using the OECD QSAR toolbox
(https://gsartoolbox.org/download/) (Suarez-Torres et al.,, 2020). The web

programme VEGAHUB (www.vegahub.eu) was used to predict carcinogenicity, ADI,

no observed adverse effect level (NOAEL), and developmental toxicity. The Toxtree
platform, which is an open-source tool, was used to predict drug metabolism mediated

by cytochrome P450.



3.1.8. Biological activity prediction

The PASS prediction online tool (https://www.way2drug.com/passonline/) was used

to predict the different biological activities such as dementia treatment, cytochrome
P450 stimulant, antioxidant, anti-inflammatory, neurotrophic factor enhancer,
amyloid-B aggregation inhibitor, acetylcholine stimulant, and Alzheimer disease
treatment. The PASS programme calculates the anticipated activity spectrum of a
phytocompound, providing a prediction of likely activity (Pa) and probable inactivity
(Pi). Only the biological activities with a Pa value greater than the Pi value are

considered for a specific phytocompound (Goel et al., 2011).
3.2. Molecular docking, MD simulation and free energy calculation
3.2.1. Retrieval of ligand and its preparation

The sixty-one phytocompounds were analyzed for molecular docking against BACE1
and AChE protein receptors. The 2D and 3D structures of each ligand were obtained
from PubChem, while the 3D structures were saved in sdf format. The
phytocompounds were imported using the PyRx 0.8 programme and stabilized using
the UFF energy minimization parameter and conjugate gradient descent optimization
technique. The ligands were then transformed into pdbqt forms before molecular

docking (Dallakyan and Olson, 2015).
3.2.2. ADMET

The SMILES format of sixty-one phytocompounds in PTME was obtained from
PubChem and used for ADMET webservers. Physicochemical and molecular
characteristics were determined using Molinspiration Cheminformatics Software
(Kolodziejczyk-Czepas et al., 2018). ADMET properties, including water solubility,
lipophilicity, and pharmacokinetic bioactivity score, were assessed using the
SwissADME server. The study also examined medicinal chemistry, drug likeness, and

bioavailability scores of the ligands (Daina et al., 2017).
3.2.3. Retrieval of protein and its preparation

The 3D structures of BACE1 (513V, 1.62 A) and AChE (7E3D, 2.5 A) were obtained

from the Protein Data Bank under RCSB. The receptors' structures were constructed
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using UCSF Chimera 1.15 before docking, eliminating co-crystallized ligand, solvent,
and metal ions (Pettersen et al., 2004). Modifications included adding polar hydrogen
atoms and partial charges, restoring shortened side chains, and adding gasteiger

charges using the integrated dock prep programme (Opo et al., 2021).
3.2.4. Predicting the active site of the protein receptor

The fpocket web server was used to identify the active sites of BACE1 and AChE
receptors in molecular docking investigations (Le Guilloux et al., 2009). The tool uses
Voronoi tessellation and a-spheres to detect protein binding sites. The fpocket
accurately detected 94% and 92% of known binding sites from the top three ranked
pockets, with the highest rated pocket chosen for the receptor (Schmidtke et al.,
2010). The findings were visualized using Schrodinger's Pymol 2.4.0 software.

3.2.5. Molecular docking

The study used the Autodock Vina plug-in tool in PyRx 0.8 to conduct molecular
docking on receptors and ligands (Trott and Olson, 2010). The "Vina Wizard" feature
was used to load receptors and ligands into the program. PyRx was used to identify,
analyze, and classify the residue of the active pocket of the receptor. A grid box was
positioned on the receptor and adjusted to include the whole active pocket. The
AutoDock Vina programme was developed and executed to perform molecular
docking. The optimal interaction conformation for each ligand was chosen. The most
significant protein-ligand complexes were selected for further investigation. The
chosen complexes were visualized using BIOVIA Discovery Studio Visualizer

v21.1.0.20298 and Schrodinger's Pymol 2.4.0 software.
3.2.6. Molecular dynamics simulation

The molecular docking investigations were analyzed using MD simulations using
GROMACS v5.1.5 (Abraham et al., 2015; Berendsen et al., 1995). The GAFF and
AMBER99SB were used to create force field and parameter files for the ligand and
protein, respectively (Hornak et al., 2006). A cubic box with periodic boundaries was
placed around the complex, and a three-point water model known as TIP3P was used

to nullify the system. In order to nullify the system, Na+ and CI™ ions were introduced



as counter ions (Sharma et al., 2022). Energy minimization and equilibration were
then performed, with the system subjected to energy reduction using the steepest
descent minimization technique for 1000 steps (Selvaraj et al.,, 2021). An
equilibration process was conducted for 500 ps at 300 K using the Berendsen
Thermostat coupling in the NVT ensemble (Berendsen et al., 1984). The NPT
ensemble equilibration was conducted for 1000 picoseconds (1 nanosecond). The
Parrinello-Rahman barostat was used to couple the pressure at 1 bar (Parrinello and
Rahman, 1981). The Particle Mesh Ewald (PME) method was used to compute long-
range electrostatic interactions, and the LINear Constraint Solver (LINCS) method
was used to limit bond lengths (Hess et al., 1998; Sharma et al., 2022). The system
was exposed to unconstrained production molecular dynamics (MD) simulations
lasting 100 nanoseconds while maintaining a goal temperature of 300 K and a pressure
of 1 bar. The trajectories from a 100 ns MD simulation were used for dynamic studies,
including RMSD, RMSF, Rg, and hydrogen bond determination. These analyses were
performed using the built-in scripts of GROMACS.

3.2.7. Free energy binding

The binding free energy of a complex was determined using the MM-PBSA technique.
The energy is calculated using MD trajectory data recorded at 500 picosecond
intervals. The non-polar solvation energy was calculated using the SASA model. The
energy obtained from MD simulation trajectories was computed using the default
settings of the g mmpbsa programme. The 'MmPbSaDecomp.py' script of the
g mmpbsa programme was used to calculate the energy contributed by individual

residues to the overall binding energy (Baker et al., 2001; Kumari et al., 2014).
3.2.8. Principal component analysis

Principal component analysis (PCA) is a statistical method used to identify the
combined and connected movements of atoms in biological macromolecules. It was
conducted on snapshots taken every 2 picoseconds from 100 nanosecond simulations.
The important collective movements of the protein receptor with ligands were captured
by constructing covariance matrices of Ca atoms (Amadei et al., 1993; Prakash et

al., 2019). A positive value in the covariance matrix indicates associated motion, while
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a negative value shows anti-correlated motion between two Ca atoms. The covariance
matrices were diagonalized, resulting in eigenvectors and their equivalent eigenvalues.
Principal components (PCs) were derived by projecting the movement of Ca atoms at
each period onto the eigenvectors. The covariance matrices, eigenvectors, and two-
dimensional graphs of PC1 vs PC2 were generated using Gromacs built-in tools (Taidi,

2022).
3.3. Toxicity study and AICI3-induced Alzheimer’s disease treatment
3.3.1. Animal ethics

The animal experiments were carried out in compliance with the ethical guidelines for
the maintenance and usage of laboratory animals and were authorised by the Mizoram
University Institutional Animal Ethics Committee, situated in Aizawl, Mizoram, India

(approval no. MZU/IAEC/2021-22/09).

3.3.2. Experimental animals

Adult Wistar albino rats weighing 130-160 g were used for the experiment. Animals
were housed in polypropylene rat cages (421 x 290 x 190 mm) and kept under
controlled environmental conditions: room temperature (25 = 2 °C), constant humidity
(60 £ 10 %), and constant photoperiodic conditions (12:12 h day light/darkness cycles)
in the animal facility of the Department of Zoology, Mizoram University, Aizawl. The

standard pellet diet and water were allowed ad libitum.
3.3.3. Toxicity study
3.3.3.1. Acute toxicity study

The study tested the acute toxicity of P. timoriana methanolic extract (PTME) on male
adult Wistar albino rats, following OECD guideline no. 423. The rats were divided into
four groups, each consisting of five animals. A single dosage of 1000 mg/kg, 3000
mg/kg, and 5000 mg/kg of PTME was given orally to the overnight fasted rats, while
control animals received distilled water. The rats were observed for symptoms of acute
toxicity for four hours, eight hours, and 14 days. Observations included morphological

changes, such as rectal temperature, skin and eye color, food intake, and overall
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physique. The initial body weight was measured before PTME administration, and the

final weight was measured at the experiment's conclusion.
3.3.3.2. Sub-acute toxicity study

A study involving male Wistar albino rats was conducted to investigate the sub-acute
toxicity of PTME. Four groups were given PTME orally at different concentrations
(20 mg/kg, 50 mg/kg, 100 mg/kg, and 300 mg/kg) for 28 days, while the control group
received distilled water. Throughout the investigation, we observed all the common
indicators of toxicity in animals. The animals' initial body weight was recorded before
and after PTME administration. The study aimed to understand the effects of PTME

on animals.
3.3.3.3. Haematological parameters assessment

The toxicity experiment involved haematological assays on all surviving animals,
collected on the 15th and 29th days. Blood samples were collected and analyzed for
parameters such as red blood cells, white blood cells, hemoglobin, haematocrit, mean
cell volume, mean corpuscular haemoglobin, and mean corpuscular haemoglobin

concentration (Thrall and Weiser, 2002; Higgins et al., 2008; Feldman et al., 2000).
3.3.3.4. Serum biochemical parameters assessment

Biochemical parameters were assessed by collecting blood from surviving rats and
centrifuging it at 3500 rpm for 30 minutes. The serum was collected and stored at -20
°C until analysis. The levels of serum alanine aminotransferase (ALT, EC.2.6.1.2,
Reitman and Frankel, 1957), aspartate aminotransferase (AST, EC.2.6.1.1, Reitman
and Frankel, 1957), alkaline phosphatase (ALP, EC.3.1.3.1, Kind and King, 1954),
creatinine (Bonsnes and Taussky, 1945), urea (Fawcett and Scott, 1960), cholesterol,
triglycerides, high-density lipoprotein (HDL), and low-density lipoprotein (LDL)
(Trinder, 1969) were measured using a diagnostic kit from Coral Clinical Systems,

Goa, India.
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3.3.3.5. Relative organ weight measurement

Rats were sacrificed after acute and sub-acute toxicity treatment, and their organs,
including liver, kidney, lungs, heart, and spleen were measured for weight. The relative

organ's weight was determined as a ratio to the bodyweight using a specific equation.
Relative organ weight = (Absolute organ weight/body weight) x 100
3.3.3.6. Histopathological assessment

The liver and kidney samples from acute and sub-acute cases were analyzed using
histological testing. After retrieval, the organs were immersed in Bouin's fixative for
24 hours, then moved into 70% ethanol solution. They were then immersed in paraffin
wax, sliced with a 7 um thickness using a Leica rotary microtome, and stained with
haematoxylin and eosin for general histology. The histopathology was then analyzed
using an Olympus CX41 microscope, and images were captured for further

examination (Bancroft and Gamble, 2002).

3.3.4. AICI-mediated Alzheimer’s disease treatment

3.3.4.1. Experimental design

Wistar adult rats were randomly divided into four groups (n = 5) as follows:
a) Group I: Rat administered saline water (0.5 ml, i.p) daily once for 42 days.

b) Group II: Rat intraperitoneally treated with AICl3 (17 mg/kg b.w., i.p) (Sigma-
Aldrich) for 42 days. The dose of AICI3 used is according to the previous study by
Alawdi et al. (2016).

¢) Group III: Rat administered orally using intragastric tubes with PTME (5 mg/kg
b.w., p.0.) dissolved in saline (1 h prior to AICl; administration) and intraperitoneally

treated with AICI; as in group II for 42 days.

d) Group IV: Rat administered orally using intragastric tubes with PTME (10 mg/kg
b.w., p.o.) dissolved in saline (1 h prior to AICI3) and intraperitoneally treated with

AICl3 as in group II for 42 days.
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3.3.4.2. Behavioural experiment
3.3.4.2.1. Novel object recognition (NOR) test

The NOR test strategy involved rats in a rectangular open box with two stages:
habituation and testing (Ennaceur and Delacour, 1988). Rats were given unrestricted
access to the apparatus for three days, with a ten-minute daily time limit. The testing
phase began on the fourth day, with two trials: a familiarisation trial lasting ten minutes
and a test trial lasting five minutes. Rats were introduced to the apparatus containing
two similar items, released oriented towards the wall, and then returned to their cages.
After an hour, they were placed back in the apparatus, and one of the familiar items
was replaced with a new one, marking the start of a five-minute testing session. The
animal's exploration time was recorded when it approached an item with its snout
within 2 cm or when it pawed or smelled the object. The recognition index (RI) of the

testing trial was calculated using the formula (Zhang et al., 2012):

RI (%) = Time exploring novel object/(time exploring novel object + time exploring

familiar object) x 100
3.3.4.2.2. Y-maze test

The Y-maze test was used to assess spontaneous alteration behavior in short-term
memory in rats. The test involved three arms, labeled A, B, and C, arranged
perpendicularly. Rats were given five minutes of unrestricted movement in the
labyrinth, with arm entrance only permitted once both hind paws were fully within the
arm. Alterations involved entering three different arms in a row inside overlapping
triplets (Alawdi et al., 2017). Every instance of arm entries and alternations was

documented, and the spontaneous alternation percentage (SAP) was computed.
SAP (%) = Number of alternations/(total arm entries — 2) x 100

3.3.4.4. Oxidative and anti-oxidant parameters assessment

3.3.4.4.1. Protein estimation

The Bradford method was used for protein estimation in hippocampus tissue

(Bradford, 1976). The sample was homogenized in phosphate buffered saline,
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centrifuged, and the supernatant was recovered. 0.1 ml of protein sample was added to
a test tube and mixed with 0.5 mL of Bradford reagent, and the absorbance at 595 nm
was measured spectrophotometrically after 2 minutes against a reagent blank made

from distilled water and 0.5 ml of Bradford reagent.
3.3.4.4.2. Lipid peroxidation (LPO)

Lipid peroxidation (LPO) levels in hippocampus tissue were measured using the
thiobarbiturate test (Ohkawa et al., 1979). The tissue was homogenized, centrifuged,
and the supernatant was collected. The supernatant was then mixed with 15%
trichloroacetic acid (TCA) and 8% thiobarbituric acid (TBA). The sample was
incubated at 95°C for 25 minutes, then analyzed using spectrophotometry at 540 nm.

The LPO was expressed as the level of MDA in nmol/mg of protein.
3.3.4.4.3. Glutathione-S-transferase (GST)

GST was assayed spectrophotometrically at 340 nm by conjugating 1-chloro-2,4-
dinitrobenzene (CDNB) with glutathione (GSH) at 37 °C (Habig et al., 1974). The test
combination included 0.5 nM CDNB, 1 mM GSH, and 100 nM phosphate buffer at
pH 6.5. CDNB was dissolved in ethanol and introduced into the phosphate bufter. The
reaction was initiated with GSH and 10% tissue homogenate. The spectrophotometer
quantified the rate of absorbance at 340 nm against a blank without homogenate, and

the GST level was expressed as U/mg of protein.
3.3.4.4.4. Glutathione (GSH)

The concentration of reduced glutathione (GSH) was determined by reacting it with
5,5'-dithiobis(2-nitrobenzoic acid) (DTNB) to form a detectable product at 412 nm
(Moron et al., 1979). The sample tubes were filled with 0.6 mM DTNB, 0.2 M sodium
phosphate, 10% tissue homogenate, and 0.2 M phosphate buffer, with a reference tube
filled with GSH solution. The reaction was initiated by adding the supernatant to the

sample tube. GSH levels were expressed as nmol/mg of protein.
3.3.4.5. Enzyme-linked immunosorbent assay (ELISA)

The activity of acetylcholinesterase (AChE) in the hippocampus was measured using

commercially available ELISA kit from Elabscience, USA (Rat AChE ELISA Kit;
15



Catalog No.: E-EL-R0355). The manufacturer's instructions were followed for the
detection process. A spectrophotometer was used to detect the change in absorbance at

450 nm.
3.3.4.6. Western blotting

The western blotting was performed to study the expression of NF-kB, TNF-a, IL-6,
active caspase-3, BCL-2, Bax, AB, BACE]1, and Tau protein in the hippocampus. The
western blot technique was similar to the one previously described by Annie et al.
(2020). A tissue homogenate (50 pg) of the hippocampus was separated on a 10%
sodium dodecyl sulphate (SDS)—polyacrylamide gel. The gel was then transferred to a
polyvinylidene difluoride membrane (PVDF, Millipore, India) using a semi-dry
apparatus for a duration of 30 minutes. In order to avoid non-specific binding, the
membranes were treated with a blocking agent (5% skim milk, Sigma-Aldrich, USA)
for 30 minutes. Subsequently, the membranes were incubated overnight at 4 °C with
the primary antibodies. Subsequently, the membranes were exposed to the suitable
HRP-conjugated secondary antibody and incubated for 3 hours at room temperature.
The visualisation was performed using the ECL detection technique. The internal
control used was B-tubulin and B-actin. The levels of the proteins were calculated using

densitometric analysis using ImagelJ.
3.3.4.7. Histopathological examination

The hippocampus was dissected and analyzed using histological testing. After
retrieval, it was immersed in Bouin's fixative for 24 hours, then moved into 70%
ethanol solution. They were then immersed in paraffin wax, sliced with a 7 um
thickness using a Leica rotary microtome, and stained with haematoxylin and eosin for
general histology. The histopathology was then analyzed using an Olympus CX41
microscope, and images were captured for further examination (Bancroft and

Gamble, 2002).
3.3.5. Statistical analysis

The data were represented and given as mean + standard error of the mean (SEM). The

threshold for statistical significance was established at a p-value < 0.05. The data were
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analysed using a one-way ANOVA to compare means. Significant differences were
then analysed using Tukey's multiple comparisons in GraphPad Prism (version 9,

GraphPad Software, La Jolla, CA).
4. SUMMARY
4.1. Phytochemical analysis and computational toxicology

e In the present study, nine bioactive compounds were identified through GC-
MS analysis and fifty-two bioactive compounds were identified through LC-
MS analysis. The phytocompounds present in the methanolic extract of P
timoriana seed pods (PTME) were mostly composed of flavonoids, alkaloids,
and terpenoids.

e The PTME has a total phenol concentration of 421.64 + 3.38 mg GAE/g of
extract and a total flavonoid concentration was measured to be 280.893 +4.31
mg QE/g of extract.

e The predicted acute toxicity of phytocompounds from PTME showed four
distinct hierarchies. a) fathead minnow > T. pyriformis > D. magna > rat; b)
fathead minnow > D. magna > T. pyriformis > rat; c¢) D. magna > fathead
minnow > 7. pyriformis > rat; and d) 7. pyriformis > fathead minnow > D.
magna > rat.

e The acute toxicity prediction revealed that phytocompounds from PTME had
less toxicity for mammalian species (rat/LDso) compared to aquatic organisms
(LCso/fathead minnow and D. magna, 1GCso/T. pyriformis).

e All of the phytocompounds found in PTME, except two, had a
bioconcentration factor under 2000 and were therefore considered non-
bioaccumulative.

e Forty-six out of sixty-one phytocompounds from PTME were considered toxic
for the developmental stage, whereas apigenin glucoside arabinoside,
isoschaftoside, maritimetin-6-O-glucoside, apiin, 3-oxo0-C8-homoserine
lactone, and ouabain were safe alternatives.

e The majority of the phytocompounds (fifty-one out of sixty-one) from PTME

showed negative carcinogenic and mutagenic properties.
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The oral toxicity test revealed that 75% of the phytocompounds are highly toxic
(Cramer/category III), while 64% do not affect fertility or possess reproductive
toxicity.

The study found that 37.70% of phytocompounds had a high NOAEL value,
which indicated their safety and did not cause negative effects, while the
remaining phytocompounds (62.29%) were toxic and had positive side effects.
The repeated dose toxicity analysis of the phytocompounds showed forty-eight
out of sixty-one are safe and do not cause any damage to organs, with a
significant number of phytocompounds showing bioavailability, metabolized
by cytochrome-P450 enzyme complex, and excreted from the body.

The phytocompounds studied have properties for dementia treatment (thirty-
one  phytocompounds), cytochrome P450 stimulant (seventeen
phytocompounds), anti-oxidant (forty-one phytocompounds), anti-
inflammatory (forty-five phytocompounds), neurotrophic factor enhancer
(twenty-three phytocompounds), amyloid-f aggregation inhibitor (five
phytocompounds), acetylcholine stimulant (fifteen phytocompounds), and

Alzheimer disease treatment (two phytocompounds).

4.2. Molecular docking, MD simulation and free energy calculation

From the ADMET studies, forty compounds showed drug-likeness properties
as indicated by Lipinski’s rule of five, thirty-two compounds were considered
to have a good affinity for a lipophilic environment, thirty-one compounds that
have the capacity to be absorbed by the body when taken orally and have the
ability to reach certain target areas inside the body as per their TPSA value,
forty-eight compounds have non-hydrogen atoms that falls under the
acceptable range, sixteen compounds possess an acceptable molar volume, and
thirty-six compounds were in the acceptable range of molar refractivity. No
compound was found highly soluble as per LogS value. However, six
compounds showed solubility, twenty compounds slightly soluble, and thirty-
five compounds lack solubility.

Additionally, twenty-seven phytocompounds revealed high absorption in the

gastrointestinal tract, and twenty compounds showed blood-brain barrier
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permeation. With respect to GPCR, ion channel modulator, kinase inhibitor,
nuclear receptor ligand, protease inhibitor, and enzyme inhibitor, all the sixty-
one phytocompounds of Parkia timoriana fall under the category of active and
moderately active drugs. Thirty-eight phytocompounds successfully met the P-
gp substrate criteria, fifty-three showed no alert for PAINS filters, and nineteen
phytocompounds did not show alert for BRENK. The majority of the
phytocompounds had lesser skin permeability. Similarly, the majority of the
compounds indicated good oral bioavailability and can be moderately
synthesize. Thirty-nine compounds inhibited one or the other enzyme of the
cytochrome p450 enzyme complex.

The molecular docking analysis revealed that the phytocompounds from the
methanolic extract of Parkia timoriana seed pods strongly bind to BACE1 and
AChE receptors, with binding affinities ranging from -5.3 kcal/mol to -10.3
kcal/mol against the BACE]1 receptor and from -6.0 kcal/mol to -10.3 kcal/mol
against the AChE receptor. Sixteen and fifteen phytocompounds had binding
affinity < -9.0 kcal/mol against BACE1 and AChE, respectively.

The selected top hit ligands for the BACE1 receptor include ergocristine as the
best-ranked ligand with a binding affinity of -10.3 kcal/mol, followed by
nicotiflorin, voacamine, and isorhamnetin-3-O-rutinoside with binding affinity
of -10.2 kcal/mol, -10.1 kcal/mol, and -10.1 kcal/mol, respectively.

The top hit ligands for the AChE receptor include apiin and maritimetin-6-O-
glucoside as the best binding ligands with binding affinity of -10.3 kcal/mol
each, followed by paeoniflorin and silychrystin with binding affinity of -10.2
kcal/mol and 9.8 kcal/mol, respectively.

TRP76, PHE108, TYR71, LYS107, and ILE126 were the most common
residues of BACE1, among the other interacting residues, that were interacting
with the top hit ligands through hydrogen and hydrophobic bonds and therefore
may be important in ligand binding.

SER125, TYR341, TYR124, and TRP86 were the most common residues of

AChE, among the other interacting residues, that were interacting with the top
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hit ligands through hydrogen and hydrophobic bonds and therefore may be
important in ligand binding.

The MD simulation studies confirmed that the top hit ligands formed a stable
complex with BACE1 having RMSD, RMSF, and Rg values of ~0.2 nm, ~0.1
nm, and ~2.0 nm, respectively. However, the BACEI-nicotiflorin and BACE1-
isorhamnetin-3-O-rutinoside complexes formed a significantly higher number
of H-bonds of 4.94 and 3.88, respectively, compared to the other complexes.
Similarly, the MD simulation studies confirmed that the top hit ligands formed
a stable complex with AChE having RMSD, RMSF, and Rg values as ~0.24
nm, ~0.11, and ~2.3 nm, respectively. On the other hand, the AChE-
maritimetin-6-O glucoside and AChE-paeoniflorin complexes formed a higher
number of H-bond of 3.27 and 2.76, respectively, compared to the other
complexes.

The binding free energy calculation for BACE1 by MM/PBSA method showed
that all the simulated complexes formed a strong bonding complex, with
BACEI-voacamine complex showing exceptionally high binding free energy
of -417.951 + 31.736 kJ/mol.

Similarly, the binding free energy calculation for AChE by MM/PBSA method
showed that all the simulated complexes aslo formed a strong bonding
complex, with AChE-silychristin complex showing exceptionally high binding
free energy of -385.386 + 18.965 kJ/mol.

The main energy contribution of the BACEI receptor's amino acids in the
binding of lead ligands at the active site indicated that residues TYR 71, ASP
106, ASP 228, PHE 108, SER 35, ASP 32, and ASP 223 of the BACEI receptor
played a significant role in the intermolecular interaction and the binding of the
ligands. However, in complexes involving AChE and ligands, distinct amino
acid residues played a role in contributing to the binding energy for each of the
lead ligands.

The principal component analysis showed that the Ca of both BACE1 and
AChE when complexed with the top hit ligands occupied very less phase space

further confirming the stability of the complex formed.
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4.3. Toxicity study and AICI3-induced Alzheimer’s disease treatment

The acute toxicity study found that PTME, administered at doses of 1000,
3000, and 5000 mg/kg, caused mortality in two rats at 5000 mg/kg dosage, with
a LDso value exceeding 5000 mg/kg body weight. According to the OECD, the
LDso of PTME may be considered safe. There were no observable changes in
the morphology of the subjects at any of the administered dosages, except for
one rat treated with 5000 mg/kg which had a red tear.

The repeated-dose administration of PTME at doses of 20 mg/kg, 50 mg/kg,
and 100 mg/kg did not show any mortality. However, four rats (only one
survived) died at a dose of 300 mg/kg. No morphological change was observed
at all doses.

The food and water intake, as well as body weight and relative organ weight,
did not show any significant change in both the administration of single-dose
and repeated-dose PTME.

The administration of PTME in both acute and sub-acute studies did not result
in any significant alterations in the blood parameters, except for a slight
elevation of WBC in acute toxicity study.

In the acute toxicity study, there was a significant increase in the level of ALP
at a dose of 5000 mg/kg and a slight increase in the levels of AST and ALT.
This shows acute hepatocellular toxicity at a higher single-dose administration
of PTME. The histopathological study has confirmed the presence of
deteriorated alterations in the liver tissue, providing further evidence of liver
cell damage caused by PTME at a higher single dosage of 5000 mg/kg.

In the sub-acute toxicity study, no significant change was observed in the levels
of AST, ALP, and ALT at 20 mg/kg, 50 mg/kg, and 100 mg/kg after repeated-
dose administration of PTME for 28 days. As a result, the histological
examination of the liver in these groups also showed normal architecture of the
liver tissue. However, the administration of a repeated-dose of PTME at a dose
of 300 mg/kg for 28 days caused the death of four rats, and the surviving rat

showed deteriorated alterations in the liver tissue.
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In the acute toxicity study, the kidney function test showed that the level of
creatinine was significantly increased at a single-dose administration of 5000
mg/kg, and there was a slight increase in the level of urea. This was evident as
the histological examination showed significant damage in the tissue of the
kidney at a dose of 5000 mg/kg.

In the sub-acute toxicity study, no significant change was observed in the level
of creatinine and urea at 20 mg/kg, 50 mg/kg, and 100 mg/kg repeated-dose
administration of PTME for 28 days, and the histological examination at these
doses showed normal hepatocytes displaying no apparent alterations in the
morphological features. However, the repeated-dose administration of PTME
at a dose of 300 mg/kg for 28 days caused the death of four rats, and the
surviving rat showed highly damaged kidney tissue.

The sub-acute toxicity study revealed that a repeated-dose administration of
PTME at a dose of 300 mg/kg showed signs of mortality and toxicity in the
surviving rat. Therefore, a lower dose < 100 mg/kg may be preferred for
chronic use to treat different types of diseases. The NOAEL of the methanolic
extract of Parkia timoriana seed pods was found to be 100 mg/kg.

The novel object recognition (NOR) and Y-maze tests have demonstrated that
PTME has an ameliorative effect on the learning and memory impairment
caused by aluminum.

The administration of PTME improved the oxidative stress (MDA) caused by
AICl; in the hippocampus and increased GST and GSH anti-oxidant levels.
The current research attributes the increased activity of AChE in the group
treated with AlICI; to the direct impact of Al. Our investigation revealed that
the simultaneous administration of PTME resulted in a significant decrease in
ACHhE activity in the hippocampus.

PTME hindered the activation of NF-kB in the hippocampus, which in turn
reduced the occurrence of subsequent pathological events, such as A
accumulation, increased production of pro-inflammatory cytokines, and

apoptosis.
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The administration of PTME lowered the expression of pro-inflammatory
cytokines, including IL-6 and TNF-a, in the hippocampus of AlCl3-mediated
AD rats, probably by inhibiting the expression of NF-kB.

The administration of PTME caused a decrease in the levels of active caspase-
3 and Bax in the hippocampus of AlCls;-mediated AD rats, most likely by
restoring the Bcl-2 expression level.

The administration of PTME reduces the expression level of AP in the
hippocampus of AlCls;-mediated AD rats, probably by inhibiting the activity of
BACE]. Furthermore, the reduction in the expression level of tau protein may
be attributed to the suppression of AP toxicity by the administration of PTME.
The administration of the methanolic extract of P. timoriana seed pods
successfully restored the histopathological alterations of the hippocampus

caused by AICI3 toxicity.
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