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Izheimer's is a central nervous system disease that can be

treated with an acetylcholinesterase enzyme inhibitor drug
(AChE), namely rivastigmine. Rivastigmine has side effects such
as nausea, vomiting, loss of appetite, headache, weakness, and
malaise. Alternative to deal with these side effects is an extracted
compound from valerian root with bioactivity as an anti-dementia.
The test compounds that performed the activity were 4 variations
of sesquiterpenoids (volvalerenal H, volvalerenal I, volvalerenal J,
volvalerenic acid K) and 1 monoterpenoid (densispicnins C).
Objective: This study aimed to determine the molecular interaction
of sesquiterpene and monoterpene compounds and
pharmacokinetic of the best compound from molecular docking.
Methods: This study was conducted with the stages of molecular
docking simulation, prediction of pharmacokinetics and toxicity of
compounds, and Lipinski’s Rule of Five parameters. Result:
Volvalerenal J was the best compound from molecular docking
simulation with a Gibbs free energy value of -7,48 kcal/mol, an
inhibition constant of 1,30 uM, and interactions with amino acid
residues His447 and Ser203. The values of HIA and CaCo2 were
100% and 46,76%, with the values of PPB and BBB were 96,57%
and 0,88%. Respectively, volvalerenal J is not mutated but a
carcinogen and fulfills the rules of Lipinski. Conclusion:
Compound volvalerenal J has the highest potential to be the best
acetylcholinesterase (AChE) inhibitor among other compounds in
the extract valerian root.
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Based on data from the Alzheimer's Association, the number of
Alzheimer's cases reaches 13.8 million worldwide [!1. This gradual
neurodegenerative disease of the central nervous system arises
because cholinergic activity in the brain decreases so that the amount
of acetylcholine (ACh) will decrease. ACh is a neurotransmitter that
plays a role in mediating the function of learning, memory, and
delivering signals from the nervous system to muscle cells and
AChE. AChE functions as a catalytic enzyme in the ACh hydrolysis
process which produces two compounds, namely acetate and
choline, which aims to stop the synaptic transmission process.
Therefore, people with Alzheimer's disease will experience a
decrease in the ability to remember and learn [,

Based on WHO in 2004, Alzheimer's patients can be given AChE
inhibitor drug therapy, one of which is rivastigmine which has a
dose of 1.5 mg which is taken 2 times a day. However, this drug
has some side effects, namely nausea, vomiting, loss of appetite,
headache, weakness, and malaisel®!. To deal with these side effects,
a study is needed to find out a good and appropriate alternative.
One alternative that has been approved by the US FDA from 1981
to 2011 is to develop new drugs using plant extracts 4. One of the
plants known to have good pharmacological activity is valerian
root (Latin: Valeriana officinalis var. latifolia).

http://jurnal.unpad.ac.id/ijch

Valerian root is a plant known as European valeriana variety which
has in vivo activity as anti-HIV, antiarrhythmic, antidepressant,
sedative, anxiolytic, and antidementia because it can nourish nerve
cells and reduce AChE activity. AChE activity in valerian root is
known to be present in five test compounds that have been tested
in vitro and in vivo. In vitro test results of Volvalerenal J
compound, resulted in an IC50 value of 4.679+0.068 M. For the in
vivo assay with the navigation test method in mice, which resulted
in a decrease in AChE (P < 0.01)®!. Developing new drugs de novo
requires high costs and takes a long time, so the in silico method
can be used as an initial screening stage to get potential candidates
to be developed as drugs.

Materials & Method

Tools

A PC with specification: Intel ® Core ™ i5-6200U CPU @2,30
GHz (4 CPUs), ~2,4 GHz and RAM 8 GB.

Software

The ChemPro 12.0 and ChemDraw Ultra 12.0
(http://www.perkinelmer.co.uk/category/chemdraw) programs for
making 2D and 3D ligand structures. AutoDock Tools
(https://autodocksuite.scripps.edu/) 1.5.6 (The Scripps Research
Institute, USA) program for running molecular docking. The
BIOVIA Discovery Studio 2020 R2 Client for visualizing the 3D
structure and ligand-receptor interaction.

Procedure

Acquisition of Structure

Download AChE structure as PDB from RCSB Protein Data Bank
(PDB) (http://www.rscb.org/) with code 6NTO which is completed
with inhibitor A-230 molecule. Use BIOVIA Discovery Studio
2020 R2 Client for structure separation. Draw and optimize the 3D
structure of ligand using ChemDraw Ultra 12.0 (PerkinElmer Inc)
and Chem3D Pro 12.0. Rivastigmine was used for drug
comparison and downloaded the structure

Molecular Docking Simulation

The docking simulations carried out with preparing proteins and
ligands on AutodockTools 1.5.6 are saved in PDBQT format. Then
set the grid box with dimensions 40 x 40 x 40 with coordinates x
= -39,256; y = -17.598; and z = -26,206 at a distance of 0.375.
Then, the system used setting 100 Lamarckian genetic algorithms
with a population size of 150. Autodock 4.2.6 is used to perform
molecular docking. Use Discovery Studio Visualizer to find
affinity values and ligand-receptor interactions.

Pharmacokinetic and Toxicity Prediction

Prediction of pharmacokinetics (absorption, distribution,
metabolism, and excretion) and toxicity, including Human
Intestinal Absorption (HIA), CaCO2, Plasma Protein Binding
(PPB), Blood-Brain Barrier (BBB), potential mutagens, and
carcinogens with Adme webserver
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(http://lmmd.ecust.edu.cn/admetsar?/ ).

Lipinski’s Rules

The test is continued by adjusting the five Lipinski rules.
Compounds that can be used as candidates for active drug
compounds must have a molecular mass of fewer than 500
Daltons, high lipophilicity (expressed as LogP less than 5), less
than five hydrogen bond donors, less than ten hydrogen bond
acceptors, molar refractivity should be between 40- 130. Testing
was carried out using a webserver (http://www.scfbio-
iitd.res.in/software/drugdesign/lipinski.jsp ).

Results

Structure Accuision and Molecular Docking Simulation

This study used five active compounds (volvalerenal
H, volvalerenal I, volvalerenal J, volvalerenic acid K) and 1
monoterpenoid (densispicnins C) from valerian root were tested to
prove their potential as a therapy for Alzheimer's disease. The
activities of the five active compounds will be compared and
selected from the molecular docking simulation process. The
results of the structure and other outcomes will be compared with
the comparison drug, namely rivastigmine. Molecular docking
simulations of 5 valerian root test compounds found that all test
compounds except Densispicnin had better affinity energy values
compared to rivastigmine.

Pharmacokinetic and Toxicity Prediction

The pharmacokinetic profile of the analyzed ligands consisted of
absorption seen from HIA and CaCO?2 values and distribution seen
from PPB and BBB values. Then, the toxicity test consists of
mutagenic and carcinogenic tests. The values of HIA, CaCO2,
PPB, and BBB of volvalerenal compound J were 100%, 46.76
nm/sec, 96.57%, and 0.88%, respectively. Volvalerenal J
compound is also not mutagenic, but potentially carcinogenic
(Table 2).

Lipinski's rule

Lipinski's rule refers to the solubility and permeability of the test
compound while in the gastrointestinal tract. This value can
determine the bioavailability of a compound. Based on Lipinski's
test results on the five compounds from valerian root, all the test
compounds met the requirements (Table 3).

Discussion

Table 1 Result of each active compound from molecular docking
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In this molecular docking simulation, rivastigmine is used as a
comparison drug. Rivastigmine is a drug to treat mild to moderate
Alzheimer's disease with an initial dose of 1.5 mg taken twice a
day and the usual dose of 3-6 mg twice a day!®!. The mechanism of
action of rivastigmine is to increase ACh production by inhibiting
the AChE enzyme which functions as an ACh hydrolyzing
enzymel’l. This drug has several side effects, including nausea,
vomiting, diarrhea, dyspepsia, and anorexia. US FDA controlled
clinical trial data stated that of 1189 patients treated with
rivastigmine (Exelon) at a dose of 6-12 mg daily, 47% of these
patients experienced nausea and vomiting and 17% of patients
experienced anorexia. In addition, 26% of patients also
experienced weight loss on high doses of rivastigmine (more than
9 mg per day)®®. Of these side effects, rivastigmine resulted in
mortality risk of 12.62%. The risk of death was found to be greater
than treatment using donepezil, which was 1.38%..

Therefore, to deal with the risk of death from the use of the drug
rivastigmine, the development of drugs derived from plants is
carried out. In silico study of valerian root with autodock program
to determine its potential against Alzheimer's disease. Based on the
results of the molecular docking simulation which has been
validated with an average RMSD (Root Mean Square Deviation)
value from the number of runs of 100 data, it is 1.36. The RMSD
value has met the acceptance requirements of 3.00 and indicates
that the protein complex remains stable during the molecular
docking simulation process.'?l. In addition to RMSD, another
observed parameter of simulation results is the hydrogen bonding
of key amino acids (catalytic). The amino acid residues possessed
by AChE are His447, Ser203, Gly121, and Glu202. Meanwhile,
the amino acid residues from the crystal structure and the
validation results of volvaleneral J binding were His447 and
Ser203 which were predicted to have stable interactions with the
AChE enzyme.

The test compound is said to be potential, if a compound is able to
hydrogen bond with the target amino acid residue. The more
hydrogen bonds and hydrophobicity, the stronger the inhibitory
activity on the target protein!'", Hydrogen bonding is an
interaction that contributes to the affinity of the molecule to the
receptor in the formation of electrostatic interactions (acceptor and
donor) provided that it has a distance of < 3.9 A%, The distances
for His447 and Ser203 bonds are 2.12 and 1.79, so that the data
fulfill the requirements for residual distance.

No Compound Cluster Binding Energy (AG) KI (uM) Hydrogens Binding
(kkal/mol)
L. o A 77 -7,14 5,83 -
~u ~—
J\O’ T
Rivastigmin
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Figure 1 Interaction of volvalerenal Jwith AChE

enzyme
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Figure 2 Interaction of rivastigmin with AChE
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Based on the results of molecular docking in Table 1, the
compound of valerian root extract that has the most potential as an
AChE inhibitor is volvalerenal J. This is because the compound
has the most hydrogen bonds with AChE catalytic amino acid
residues compared to rivastigmine (comparison drug) and the other
four test compounds. . ThE volvalerenal compound J can hydrogen
bond with two amino acid residues, His447 and Ser203 (Figure 1),
whereas rivastigmine does not form hydrogen bonds with the
catalytic amino acid residue AChE (Figure 2).

Besides being seen from its potential for hydrogen bonding with
amino acid residues, it is also necessary to look at the value of the
free energy (AG) and the inhibition constant (KI) of the test
compound. The free energy is a parameter of conformational
stability between the ligand and the enzyme and is directly related
to the inhibition constant. The lower the value of free energy (AG),
the ligand-enzyme interaction tends to be stable['3l. The molecular
docking simulation results in Table 1 show that volvalerenal J has
lower G and KI values than rivastigmine and other test compounds,
namely -8.03 kcal/mol and 1.30 M.
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Thus, volvalerenal J has a more stable interaction and has the
potential as an AChE inhibitor to treat Alzheimer's
disease.Furthermore, predictions of the absorption, distribution,
metabolism, and excretion, and toxicity (ADMET) of a compound
in drug discovery and development need to be carried out to avoid
drug pharmacokinetic problems and prevent drug development
failure. The ADMET parameters used were Human Intestinal
Absorption (HIA), CaCO2 cell model, Plasma Protein Binding
(PPB), Blood-Brain Barrier (BBB), cytochrome P450 (CYP)
inhibitors, potential mutagens, and carcinogens.

Human Intestinal Absorption (HIA) and CaCO2 cell model are
absorption parameters used to predict and identify drug candidates
by oral and transdermal administration. Parameters of HIA (Human
Intestinal Absorption) are divided into three categories of absorption
in the intestine, namely compounds that are well absorbed (70-
100%), moderate (20-70%), and low (0-20%). Likewise, the CaCO2
cell model divides compounds into three categories of permeability
capabilities, namely high (>70 nm/sec), moderate (4-70 nm/sec),
and low (< 4 nm/sec) [14

Table 2 Pharmacokinetic and Toxicity Prediction of Each Active Compound and Drug Comparison

Absorption Distribution Metabolism Toxicity
No Compound
HIA CaCO2 PPB BB CYP2C CYP2C1 CYP2D CYP3A CYP3A Mutagen Carcinoge
(%) (nm/sec (%) B 9 9 6 4 4 t n
) (%)
1. Rivastigmin 99,4 47,61 26,4 1,16 No No No No Yes Mutagen Positive
e 1 t
2. Volvalerenal 91,9 24,33 91,5 1,64 Yes No No Yes Yes Mutagen Positive
H 0 t
3. Volalerenal 90,7 26,54 75,9 3,21 Yes No No Yes Yes Mutagen Positive
I 0 t
4. Volvalrenal 100 46,76 96,6 0,87 Yes No No Yes Yes Non- Positive
J Mutagen
t
5. Volvalerenal 95 4,45 100 1,18 Yes No No No Yes Mutagen Negative
Acid K t
6. Densispicnis 93,7 24,55 26,9 0,41 Yes Yes No Yes Yes Mutagen Negative

8 4

t

Alzheimer's disease drugs are targeted to enter the central nervous
system, so candidate drug compounds are expected to have a large
BBB value. Compounds with a PPB value of more than 90% were
classified as compounds that were able to bind strongly to plasma
protein, while compounds with a PPB value of less than 90% were
classified as compounds that were weakly bound to plasma protein.

Compounds with a BBB value > 2.0 indicate that the compound can
penetrate the blood-brain barrier well, a BBB value of 0.1-2.0
indicates that the compound has moderate penetration of the blood-
brain barrier, and a BBB value < 0.1 which indicates that the
compound can low penetration of the blood-brain barrier [14]. Based
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on the prediction results of ADMET in Table 2, volvaleneral J
compound is predicted to be able to bind strongly to plasma proteins
and has moderate penetration of the brain barrier.

Cytochrome P450 (CYP) inhibitor is a parameter to determine the
ability of drug metabolism. CYP inhibition can have both positive
and negative effects in medicinal and clinical use. The positive
effects that can be produced include prolonging the pharmacological
effect, while the negative effects that can be caused include
increasing the toxic effect ['*.Based on the prediction results of
ADMET in Table 2, volvaleneral J compound is predicted to inhibit
CYP2C9, CYP3A4, and CYP3A4 substrates.Prediction of mutagens
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and carcinogens of drug compounds is carried out to determine the
toxicity properties of potential drug candidates. Based on Table 2,
volvaleneral J compound is not potentially mutagenic but has the
potential to be carcinogenic.

Lipinski's Rule of Five test is used to determine hydrophilic or
hydrophobic properties of drug candidates®l. Lipinski’s Rule of
Five or RO5 is a parameter to predict the eligibility of a drug product
to be administered by oral route. Lipinski’s Rule of Five states that
an orally active drug must fulfill at least three of the following
criteria, molecular weight less than 500 g/mol, calculated
lipophilicity (Log P) not greater than 5, number of hydrogen-bond

Table 3 Result of Lipinski’s Rule
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acceptors not more than 10, and number of hydrogen-bond donors
not more than 5!'71, Based on Table 3, Volvalerenal J compound has
fulfilled the criteria. Therefore, Volvalerenal J compound has good
bioavailability and it is suitable to be an oral drug. Volvalerenal J
compound should be further investigated in vitro and in vivo as lead
compounds inhibit Acetylcholinesterase. Chen et a/had investigated
the fifth extract compound from Valerian root at low dose (0,65
mg/kg.d), middle dose (1,30 mg/kg.d) and high dose (2,60 mg/kg.d).
Based on the research, Volvalerenal J compound showed an ICso
value of 4,679+0,068 pM and decreased AChE (P<0,01) by
navigation test'®),

No. Compound Molecule Weight H-Acceptor H-Donor Log P Description
(g/mol) Binding Binding

1. Volvalerenal H 338,48 4 2 3,72 Fulfil

2. Volvalerenal I 236,35 2 2 2,74 Fulfil

3. Volvalerenal J 234,33 2 0 2,76 Fulfil

4. Volvalerenal Acid K 250,33 3 2 2,43 Fulfil

5. Densispicnis 198,26 3 1 2,20 Fulfil

Conclusion Valeriana officinalis var. latiofolia in vitro and in vivo.

The best valerian root compounds from the molecular docking
simulation is volvalerenal J compound with low bond-free
energy and inhibition constant, i.e. -8.03 kcal/mol and 1.30 M.
The catalytic amino acid residues from volvalerenal J are
His447 and Ser203. Volvalerenal J has more potential as an
AChE enzyme inhibitor in Alzheimer's disease because it has
more hydrogen bonds J than the reference drug (rivastigmine).
However, the results of pre-ADMET shows that volvalerenal J
has carcinogenic properties, therefore it ought to be tested in
vitro and in vivo to ensure the activity of these compounds as
ACHE inhibitor in the treatment of Alzheimer's disease.
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