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Abstract: Parkinson’s disease (PD) is a chronic neurological disorder of the nervous
system, initiated by lessened production of dopamine (DA) in the substantia nigra, it
affects circa 50 percent more men than women. Theories reveal that age, genetic and
environmental factors are involved in PD etiology but age seems to be the most
prominent risk factor. Monoamine oxidase B (MAO-B) play prominent role in the
oxidative deamination of DA in the striatum. Inhibition of MAO-B in the brain may
decrease the exhaustion of DA stores and increase endogenous DA level. Glide-XP
docking, Quantum-mechanics Polarized Ligand Docking (QPLD), pharmacokinetic
studies and biological activity prediction studies were utilized to explain the binding
mode, molecular interaction, inhibitory potential and pharmacokinetic properties of
Traditional Chinese Medicine (TCM) compounds on MAO-B and compared to standard
drugs used for treatment of PD, selegiline and rasagiline. Molecular docking results
showed Rutaecarpine and Chrysophanol to have relatively better inhibitory activities
than selegiline and rasagiline. Pharmacokinetic studies revealed that Rutaecarpine and
Chrysophanol show comparative result with selegiline and rasagiline. Also,
Rutaecarpine and Chrysophanol PASS prediction for their monoamine inhibitory
activity showed greater Pa than Pi value. Our results have shown that Rutaecarpine and
Chrysophanol can be a better therapeutic candidate in the treatment of PD.

Introduction

P

arkinson’s disease (PD) is the second most common

neurological disease in the world, it was initially coined by
Dr. James Parkinson as a “shaking palsy” in year 1817 [1]. PD
is a chronic and persistent neurological disorder of the
nervous system, initiated by lessened production of
dopamine (DA) in the substantia nigra that results in the
cardinal motor and non-motor symptoms of PD [2]. The
cardinal motor symptoms include postural instability,
bradykinesia, rigidity, and resting tremor. Examples of nonmotor symptoms are sleep disturbance, depression and
diminished sense of smell. PD affects circa 50 percent more
men than women [3]. Theories reveal that age, genetic and
environmental factors are involved in PD etiology [4]. Age
seems to be the most prominent risk factor in the
development of PD, it usually begins at around age 60,
although it can start before this age. Approximately 5 to 10
percent of people suffering from PD have “early onset”
disease which begins before age of 50. Early onset forms of
PD can be inherited or caused by mutations in some specific
genes [3].
Monoamine oxidase B (MAO-B) is a flavoenzyme
that play prominent role in the oxidative deamination of DA
in the striatum. Inhibition of MAO-B in the brain may

decrease the exhaustion of DA stores and increase
endogenous DA level, as well as DA produced from
exogenously administered levodopa [5]. Also, MAO-B
inhibitors may also possess antiparkinsonian effect by
reducing the production of prospective harmful byproducts
of dopamine catabolism in the brain [6]. There are two most
commonly used MAO-B inhibitors in the treatment of PD,
which are selegiline and rasagiline. They are selective and
irreversible inhibitor of MAO-B [7]. Each has its own side
effects, selegiline may cause cardiovascular side effects,
dizziness, nausea, hallucinations, confusion, insomnia and
orthostatic hypotension [8, 9, 10]. Rasagiline may cause
vomiting, rash, anxiety, nausea, sleepiness, hallucinations,
impaired liver function, hypertension, orthostatic
hypotension, malaise, syncope, dizziness, weight loss and
headache [11, 12]. Hence, it is essential to develop a novel,
more effective and selective inhibitors of MAO-B.
Contemporary method to develop new therapeutic
leads for receptors is computer aided drug design (CADD)
method, which is a time saving, cost-effective, rapid and
automatic process [13]. Molecular docking study is very
important in numerous applications of CADD, it predicts the
preferred position of ligands or small molecule compounds
(SMCs) inside the catalytic site of their respective target
protein [14]. It is mostly used to identify different binding
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modes and bio-affinities of small molecules in an enzyme
active site, in order to find the best fit at the active site. At
present, it has been widely used to virtual screening for the
optimization of small molecules. Therefore, the current
study uses Glide (Grid-base Ligand Docking with Energetics)
docking and Quantum-mechanics Polarized Ligand Docking
(QPLD) to determine the interaction between SMCs from
TCM and MAO-B. Using TCM computational resources,
several novel lead compounds with application potential
have been successfully discovered for different diseases
[15]. In addition, prediction of pharmacokinetic properties
and Biological activity spectrum (BAS) was employed to
calculate the effects of these compounds on human body.

two hit compounds and standard compounds (Selegiline
and Rasagiline) due to large numbers of ligands.
Calculations of QM charges were carried out by using the 631G*/LACVP* basis sets and B3LYP for density functional
theory calculation while Glide was done by selecting XP
precision for both Initial docking and redocking steps,
generating maximum of 10 poses per ligand while poses are
ranked using Glide score quantity. QPLD employs QSite in
QM/MM calculations. QM/MM energy calculated via QSite
can be define as follows [18]:
E = EQM + EMM + EQM/MM,
where,

Methodology

int.coor

EQM/MM = ECoulomb + EvdW + EQM/MM

Protein preparation
The three-dimensional crystal structure of MAO-B (Figure
1) was downloaded from protein data bank (PDB), with PDB
id: 4A7A and prepared for calculations using the protein
preparation wizard of Schrödinger Maestro 11.5 [14].
Tautomeric states of heteroatom groups were generated at
a pH of 7.0 ± 2 using Epik, then optimized at neutral pH. Via
OPLS3 force field, restrained minimization was completed
by setting heavy atom root mean square deviation to 0.30Å.
Ligand preparation
The first 2,000 SMCs downloaded from TCM Database [16]
were prepared using LigPrep of Schrödinger Maestro 11.5
via OPLS3 force field. All possible ionization states were
generated at pH 7.0±2.0 using Epik. Up to 32 possible
stereoisomers per ligand were retained.
Molecular docking procedure
Using Glide in Schrödinger Maestro 11.5, the prepared
compounds were docked into the active site of
MAO-B
as defined by receptor grid generation tool in Schrödinger
Maestro 11.5. The three docking precision options of Glide
tool were used videlicet, High throughput virtual screening
(HTVS), Standard precision (SP) and Extra precision (XP)
docking, respectively. The van der Waals (vdW) radius
scaling factor as well as partial charge cut-off was chosen to
be at 0.80 and 0.15, respectively for ligand atoms.
Ultimately,
QPLD
which
incorporates
Quantum
Mechanics/Molecular Mechanics (QM/MM) calculations to
replace fixed atomic charges of force fields with quantum
mechanically recalculated ones at a given docking pose was
performed by the Schrödinger QPLD protocol [17] to
determine the accurate electronic charges of only the top

Molecular docking validation
The molecular docking method validation was performed by
redocking method using the co-crystalized ligand
(Rosiglitazone) of MAO-B (4A7A). The co-crystalized ligand
was docked within the binding pocket of MAO-B, and the
docked pose was compared with the crystal structure pose
by calculating the root-mean-square deviation (RMSD)
value (0.359Å). As a general rule, a docking method can be
declared valid if the RMSD value is ≤ 2.0Å [19].
Drug-likeness and Pharmacokinetic studies
SwissADME, a free online software developed by Diana et al.
[20]
was
adopted
through
the
website
http://SwissADME.ch/ to determine the physicochemical
and pharmacokinetic properties of our novel MAO-B
inhibitors. The chemical structure of each ligand was
submitted to SwissADME server in form of canonical
simplified molecular-input line-entry system (SMILES).
Upon calculation submission by clicking the “Run” button,
the SMILES of each compound is canonicalised by
OpenBabel (version 2.3.0, 2012) and processed [20].
Biological activity spectrum
PASS (prediction of activity spectra for substances), an
online
web
server
was
used
through
http://www.pharmaexpert.ru/passonline [21] to predict
the mechanisms of action, pharmacological effects and
specific toxicity (carcinogenicity, teratogenicity, embryotoxicity and mutagenicity) that may be exhibited by our hit
compounds in their respective interaction with living
organisms and it is termed the “BAS” of the compounds [22].

Table 1: Docking scores calculated by glide-XP and QPLD. QPLD was calculated for the hit compounds and standard
compounds (Selegiline and Rasagiline) only
Ligand ID

Molecular Formula

Glide-XP docking
Score (kcal/mol)

QPLD

Rutaecarpine

C18H13N3O

-11.520

Score
(kcal/mol)
-11.543

Chrysophanol

C15H10O4

-10.904

-11.138

Try326, Cys172

Selegiline

C13H17N

-7.597

-8.051

-

Rasagiline

C12H13N

-6.926

-7.758

Ile199
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Try326, Phe343
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RESULTS AND DISCUSSION
The current study utilizes CADD method to explain the
binding mode, molecular interaction, inhibitory potential
and pharmacokinetic properties of TCM compounds on
MAO-B.

cavity and substrate cavity, based on the nature of the
binding ligand, the two cavities can be joined or separated.
TYR326 and ILE199 form a “gate” between the entrance
cavity and substrate cavity, the gate readily opened by
movement of these amino acid residues, in order to
accommodate SMCs at the active site flavin ring [27].

Figure 2: Validation of the molecular docking protocol
employed using the before docking (red) and after Glide XPdocking
(blue)
pose
of
co-crystallized
ligand
(Rosiglitazone). Rosiglitazone overlaps almost perfectly
with an RMSD of 0.359Å indicating that our docking method
is valid, therefore all docking scores obtained are correct.
Figure 1: Three-dimensional crystal structure of MAO-B
complexed with Rutaecarpine (blue) and Chrysophanol
(red).
Molecular docking studies
In order to understand the binding modes and bio-affinities
of the TCM compounds with MAO-B, they were docked into
the active site of MAO-B, using the three docking precision
options of Glide tool, although only the XP docking results
are reported as HTVS and SP docking results may give some
false positives. The top two compounds with better XP-Glide
docking scores were selected for QPLD calculations for
guaranteeing a better prediction of their binding modes with
MAO-B [23]. QPLD provides a better accurate treatment of
electrostatic interactions, which leads to an increase in
docking accuracy. QPLD achieve docking accuracy by
improving the description of partial charges on the ligand
atoms [24]. Three-dimensional chemical structure of
Rutaecarpine and Chrysophanol is shown in figure 3. As
reported in Table 1, Rutaecarpine and Chrysophanol
showed Glide-XP docking score of -11.520 kcal/mol and 10.904 kcal/mol, respectively; with a good QPLD score of 11.543 kcal/mol for Rutaecarpine and -11.138 kcal/mol for
Chrysophanol. It has been reported that more negative Etotal value indicates stronger interaction between SMCs and
protein, which leads to inhibition of protein activity [25, 26],
therefore this result proves that Rutaecarpine and
Chrysophanol have relatively better inhibitory activities and
may poses lesser side effects than selegiline and rasagiline
which recorded a QPLD score of -8.051 and -7.758 kcal/mol,
respectively. To validate the accuracy of our docking
method, the co-crystallized ligand was docked within the
binding pocket of MAO-B, and the docked pose was
compared with the crystal structure pose by calculating the
RMSD value (0.359Å). Figure 2 shows that the docked pose
almost overlapped completely with the experimental
orientation of MAO-B, this indicates that our docking
method is valid, therefore all docking scores obtained are
correct. The docking results denote that Rutaecarpine and
Chrysophanol bind to the active site of MAO-B, the active site
is a hydrophobic pocket surrounded by aliphatic and
aromatic residues. The active site comprises of an entrance

Figure 3: Three-dimensional chemical structure of
Rutaecarpine and Chrysophanol
It was interesting to note that Rutaecarpine and
Chrysophanol shared maximum interaction with one of
these gate residues by forming π-π staking with
hydrophobic TYR326, and PHE343 in case of Rutaecarpine.
Hydrogen (H)-bonds are ubiquitous in nature and play key
role in enzyme catalysis and protein-ligand interaction [28].
Interestingly, our result shows that Chrysophanol form key
H-bond interaction with the carbonyl group attached to its
heterocyclic with hydrophobic CYS172 (a main residue at
the active site), whereas none of the active site amino
residues was found to interact with selegiline neither in
hydrophobic nor hydrophilic interactions, which is similar
to the report of Ogidigo et al., [29] as shown in Figure 4-7.
Drug-likeness
The eminent Rule of Five (RO5) by Lipinski and co-workers
helps to evaluate the drug-likeness of a chemical compound
or determine if a compound has the properties that would
make it a potential orally active drug for humans [30]. As
reported by Lipinski [30], an orally active drug should not
breach more than one of the following rules: hydrogen bond
acceptor ≤ 10, octanol-water partition coefficient < 5,
hydrogen bond donor ≤ 5 and molecular weight <500Da.
The results of the Lipinski’s RO5 calculations using
SwissADME online software are presented in Table 2.
Rutaecarpine and Chrysophanol have shown good result
and are in agreement with this rule. Hence, it can be
predicted that they have passable absorptivity for oral
medications.
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Table 2: Physiochemical properties of the hit compounds and standard compounds (Selegiline and Rasagiline) as predicted
by SwissADME
Ligand ID
Rutaecarpine
Chrysophanol
Selegiline
Rasagiline

Molecular
weight
287.32
254.24
187.28
171.24

Number Hbond donors
1
2
0
1

Num. of H-bond
acceptors
2
4
1
1

MlogP

TPSA

3.15
0.92
3.25
2.58

50.68
74.60
3.24
12.03

Rotatable
bonds
0
0
4
2

Table 3: Pharmacokinetics properties of the hit compounds and standard compounds (Selegiline and Rasagiline) as
predicted by SwissADME.
Parameters
GI Absorption
BBB permeant
P-gp substrate
CYP1A2 inhibitor
CYP2C19 inhibitor
CYP2C9 inhibitor
CYP2D6 inhibitor
CYP3A4 inhibitor
Log Kp (Skin permeation)

Rutaecarpine
High
Yes
Yes
Yes
No
No
No
Yes
-5.90

Chrysophanol
High
Yes
No
Yes
No
No
No
Yes
-5.34

Selegiline
High
Yes
No
Yes
No
No
Yes
No
-5.38

Rasagiline
High
Yes
No
No
No
No
Yes
No
-6.05

Figure 4: 2D interaction view of Rutaecarpine with amino acid residues at the active site of MAO-B upon QM/MM assisted
docking
Additionally, other significant properties such as total polar
surface area (TPSA) and the number of rotatable bonds were
also calculated (Table 2). PSA has been used by several
researcher as a predictor for blood brain barrier (BBB)
penetration. In general, drugs aimed at the central nervous
system (CNS) tend to possess lower PSA than other classes
of therapeutic drugs [31, 32, 33]. Similar conclusion was
made by Feng [34], who reported that PSA value for CNS
penetration is ≤90Å2 compared to other classes which is
˂140Å2. Also, the number of rotatable bonds is now a

broadly used filter following the findings that rotatable
bonds greater than ten decreases oral bioavailability. Most
CNS drugs also have fewer rotatable bonds value (≤5) than
other drug classes [35]. Studies has also revealed that a high
PSA (˃150 Å2) or number of rotatable bond above 10 leads
to lessened oral bioavailability and permeability [30, 36].
The findings of this study shows Rutaecarpine and
Chrysophanol have a good TPSA of ˂90 Å2 and number of
rotatable bond ˂5.
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Figure 5: 2D interaction view of Chrysophanol with amino acid residues at the active site of MAO-B upon QM/MM assisted
docking

Figure 6: 2D interaction view of Selegiline with amino acid residues at the active site of MAO-B upon QM/MM assisted
docking
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Figure 7: 2D interaction view of Rasagiline with amino acid residues at the active site of MAO-B upon QM/MM assisted
docking
Pharmacokinetics studies
Many letdowns during drug development are associated to
poor pharmacokinetics. Monitoring the physicochemical
and pharmacokinetics properties of lead compounds at
early stage of drug discovery decreases the fraction of
pharmacokinetics-associated failures in advanced phases of
drug development. Therefore, using SwissADME online
software the pharmacokinetics properties videlicet GI
Absorption, BBB permeant, P-glycoprotein (P-gp) substrate,
cytochrome P (CYP) 450 isoforms inhibitor and Log Kp (Skin
permeation) was studied (Table 3).
The predicted pharmacokinetics properties show
that Rutaecarpine and Chrysophanol could be absorbed by
the human intestine. The chief interfaces separating the CNS
and the blood circulation are BBB and the bloodcerebrospinal fluid barrier. BBB permeation is a prominent
property in the pharmaceutical field, it helps to determine if
a compound can or cannot cross the BBB and thereby
exercise its therapeutic effect on the brain [37].
Consequently, the result of this study shows that
Rutaecarpine and Chrysophanol have the ability to cross the
BBB through passive diffusion, without upsetting the normal
CNS functions.
P-gp is a transmembrane efflux pump that transport drugs
away from the cytoplasm and cell membrane causing
compounds to undergo farther metabolism and clearance,
thereby limiting cellular uptake of drugs resulting in
therapeutic failure because the drug concentration would be
lower than expected [29. 38]. The result demonstrates
Rutaecarpine to be a substrate of P-gp. Thus, dosage

regulation and knowledge of co-administered drugs might
be considered to lessen therapeutic failures.
The study on the potential of SMCs to inhibit the
CYP450 is essential in determining their likely drug
interactions and toxicity. CYP450 play prominent role in
drug metabolism and clearance in the liver [39]. The CYP450
inhibition profile for Rutaecarpine and Chrysophanol were
assessed for five most important isoforms videlicet;
CYP1A2, CYP2C19, CYP2C9, CYP2D6 and CYP3A4. Inhibition
of CYP450 isoforms is a major cause of pharmacokinetics
related drug-drug interactions [40]. Nevertheless,
Rutaecarpine and Chrysophanol were found to have
inhibited some of the CYP450 isoforms.
The skin permeate is also an important parameter in the
pharmaceutical industry to determine the risk of
compounds in case there is accidental contact with skin. The
more negative the log Kp, the less skin permeate is the
molecule [38]. Hence, Rutaecarpine and Chrysophanol are
found to be poorly permeable to skin and accidental contact
will not have any effect on the skin.
Biological activity predictions
PASS evaluates predicted BAS of SMCs as Probable active
(Pa) and Probable inactive (Pi). The biological activity
prediction is centered on structure-activity relationship
analysis of the training set containing over 205,000 SMCs
exhibiting over 3,750 types of biological activities. Pa and Pi
values ranges between 0.000 and 1.000. Biological activities
with Pa greater than Pi are regarded as possible for SMCs
[41]. The greater the value of Pa, the less is the probability of
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false positives [42]. Rutaecarpine and Chrysophanol were
analyzed by the PASS for their Monoamine oxidase
inhibitory activity. Interestingly, they both showed Pa
greater than Pi. Their Pa values are 0.226 and 0.301 for
Rutaecarpine and Chrysophanol, respectively (Table 4).
Therefore, Rutaecarpine and Chrysophanol could act as
potential leads for evaluation with in vitro and/or in vivo
biological assay.

9.

10.

Table 4: Biological activity Spectrum of the hit compounds.
Ligand ID
Rutaecarpine
Chrysophanol

Pa
0.226
0.301

Pi
0.119
0.061

Biological Activity
Monoamine inhibition
Monoamine inhibition

CONCLUSION
The results of this study has shown Rutaecarpine and
Chrysophanol from TCM Database to bind and subsequently
inhibit MAO-B. The compounds have relatively better
inhibitory and pharmacokinetic profile than selegiline and
rasagiline, thus they can be a useful therapeutic candidate in
the treatment of PD. In vivo and or in vitro assay are required
to further demonstrate the antiparkinsonian potential of
these compounds.
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