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ABSTRACT

Background: Parkinson’s Disease (PD) is a debilitating neurodegenerative disease suffered by
elderly population worldwide. There are different treatment options for its symptomatic relief
including the use of inhibitors of monoamine oxidase-B, acetylcholinesterase enzymes and
L-DOPA though with certain side effects. Materials and Methods: To identify new resources
of natural products with potential effects to treat PD, several Indian Ocimum species, e.g., O.
tenuiflorum (green), O. tenuiflorum (purple), O. basilicum, O. americanum, O. kilimandscharicum,
and O. gratissimum were screened. Activities of the extracts were studied against monoamine
Oxidase-B (MAO-B), and acetylcholinesterase (AChE). Identification of active components present
in these extracts was determined using GC-MS and LC-MS metabolites profiling. Further, activity
of identified phenolics was measured by docking score against MAO-B and AChE. Results: All
extracts and several phenolics showed potential inhibition of these two PD related enzymes
based on in vitro and in silico, respectively. Ellagic acid-di-methyl ether-O-glucoside, rosmarinic
acid, and luteolin-5-glucuronide were identified as top scoring hits against both AChE and
MAO-B from molecular docking studies. L-DOPA was also detected in all the species of Ocimum.
Conclusion: IC, values against both enzymes and L-DOPA levels detected in O. tenuiflorum
(green), O. basilicum, and O. americanum pose them as potential nutraceuticals for PD treatment.

Keywords: Parkinson’s Disease, Ocimum species, monoamine oxidase-B, acetylcholinesterase,

Correspondence:

Dr. Bratati De

Department of Botany, Phytochemistry
and Pharmacognosy Research
Laboratory, University of Calcutta,
Kolkata, West Bengal, INDIA.

Email: bratatide@hotmail.com

Received: 17-11-2023;
Revised: 02-12-2023;
Accepted: 22-01-2024.

L-DOPA.

INTRODUCTION

The age-related neurodegenerative diseases of the central nervous
system include mostly Parkinson’s Disease (PD), Alzheimer’s
Disease (AD) and Huntington’s Disease (HD). PD, a progressive
debilitating disease, is the second most common oxidative stress
associated neurodegenerative disease next to AD. Current oral
PD treatment options for providing symptomatic relief include
mostly the use of a dopamine precursor (levodopa or L-DOPA),
dopamine agonists (apomorphine, bromocriptine etc.), and
inhibitors of Monoamine Oxidase-B (MAO-B). MAO-B catalyzes
dopamine catabolism. MAO-B inhibitors (selegilline, rasagilline)
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are used therapeutically to prevent against its catabolism thus
increasing dopamine level inside the brain."? Activated MAOB
leads to cognitive dysfunction, destruction of cholinergic
neurons, and contributes to the formation of amyloid plaques.’
Anticholinergics (benzatropine, trihexiphenidyl) modulate the
activity of acetylcholine.! Acetylcholinesterase inhibitors are well
established treatment for PD dementia related gait disturbance,
and imbalance in PD.* Certain MAO-B inhibitors are used
therapeutically for the symptomatic treatment of PD,* either alone
or in combination with L-DOPA. However, MAO-B inhibitors
have some adverse effects like depression, hallucinations,
confusion etc.’ L-DOPA, a precursor of dopamine is a therapeutic
drug used to decrease motor symptoms of PD, though likewise
suffering from certain side effects like dyskinesia.® Efforts for
the search of other safe medicine from natural products for PD
management appears rewarding to overcome these problems.
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Different species of Ocimum are used in culinary, cosmetics,
medicinal and fragrance industries.” Examples of major Ocimum
species include O. sanctum, O. tenuiflorum, O. basilicum, O.
americanum, O. minimum, O. africanum, O. gratissimum, O.
kilimandscharicum, O. canum, etc. that are grown in different
parts of Asia, Africa, South America, and Europe. Ocimum
species have been used to treat different ailments in Ayurveda,
and the traditional systems of medicine in China, Africa, etc.”
For example, O. sanctum has been used for thousands of years in
Ayurveda for the treatment of different ailments such as common
cold, headaches, stomach disorders, inflammation, heart disease,
malaria etc.® O. basilicum is likewise used in Indian traditional
system of medicine to treat different health problems.®

The main goal of the present study was to assess inhibition effects
of extracts of Indian Ocimum species against MAO-B and AChE,
two enzymes implicated in PD progression, and in relation to their
metabolite fingerprint as determined using gas chromatography
and liquid chromatography coupled to mass spectrometry.
Further, in silico docking was performed to provide insight on
the inhibition capacity of the main chemicals identified in active
extracts of the Ocimum species against MAO-B and AChE for
identification of binding sites and future development as drugs.

MATERIALS AND METHODS

Plant Collection

Leaves of five different Ocimum species belonging to Lamiaceae
family were collected during the rainy season (June-August).
The green variety of O. tenuiflorum L. synonym O. sanctum
L. (Accession No. 20102), purple variety of O. tenuiflorum L.
(Accession No. 20104), O. americanum L. (Accession No. 20106),
O. kilimandscharicum Guerke (Accession No. 20101), and O.
gratissimum L (Accession No. 20105) were collected from the
medicinal plant garden of Narendrapur Ramakrishna Mission,
Kolkata. O. basilicum L. (Accession No. 20103) was collected
from the Agri Horticulture Society of India, Kolkata, West Bengal,
India. Taxonomic identification of the species was done through
the Acceession No., Botanical Survey of India, Howrah, West
Bengal, India. These specimens were deposited in the Calcutta
University Herbarium, Kolkata, West Bengal, India.

Chemicals
Ribitol, methoxyamine  hydrochloride, N-methyl-N-
Trimethylsilyltrifluoroacetamide (MSTFA) with 1%

Trimethylchlorosilane (TMCS), methyl octanoate (C8), methyl
decanoate (C10), methyl laurate (C12), myristic acid methyl
ester (C14), methyl palmitate (C16), stearic acid methyl ester
(C18), methyl arachidate (C20), methyl behenate (C22), methyl
tetracosanoate (C24), methyl hexacosanoate (C26), pargyline
hydrochloride, kynumarine dihydrobromide, acetylcholinesterase
from Electrophorus electricus, human MAO-B (recombinant,
expressed in baculovirus infected BTI insect cells) were
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obtained from Sigma-Aldrich (St. Louis, MO, USA). Sodium
dihydrogen phosphate dehydrate crystal, di-sodium hydrogen
phosphate potassium  dihyrogen phosphate,
di-potassium hydrogen phosphate anhydrous, potassium
chloride, Folin-Ciocalteau reagent, sodium hydroxide, sodium
carbonate, dimethyl sulfoxide, and pyridine were purchased from
Merck Specialities Private Limited. Acetylthiocholine iodide,
5,5, dithiobis (2-nitrobenzoic acid) or DTNB were purchased
from Sisco Research Laboratories Pvt. Ltd., (SRL); 3,4 dihydroxy
L-phenylalanine (L-DOPA) from Hi Media Laboratories Pvt. Ltd.,
All the other chemicals and reagents used for the preparation of
the samples were of analytical grade, and all the solvents used for
GC/MS, LC-MS were of HPLC grade.

anhydrous,

Preparation of crude extracts

Leaves of each species were ground using liquid nitrogen. The
powder (about 400-500 g) was extracted, modifying the method
of Sultana et al,” with 70% methanol (1-1.2 L) at 60-70°C
for 3 hr in a boiling water bath with occasional stirring. After
cooling, extracts were centrifuged at 10,000 rpm for 20 min. The
supernatants were pooled and then evaporated to dryness at 70°C
using rotary evaporator. Dried extracts were kept at -20°C till
further experiments.

Monoamine Oxidase-B inhibition assay

Monoamine Oxidase-B (MAO-B) enzyme inhibition activity of
Ocimum extracts were assayed in vitro using human MAO-B
(recombinant, expressed in baculovirus infected BTI insect
cells) following Cloete et al.'® The whole reaction was performed
in an alkaline medium. The reaction mixture was composed of
potassium phosphate buffer (pH 7.4, 100 mM, made isotonic
with KCl), kynuramine dihydrobromide (50 uM) as a substrate,
MAO-B (0.015 mg protein/mL) from stock solution (2.5 mg
protein/mL), and 8.5 pL of different concentrations (0.1 mg/mL to
1.5 mg/mL) of plant extracts (dissolved in DMSO). Kynuramine
dihydrobromide and MAO-B were dissolved in potassium
phosphate buffer. After the addition of enzyme (MAO-B),
reaction mixture was incubated at 37°C for 20 min. Reaction was
terminated with the addition of 2N NaOH solution till a final
volume of the reaction mixture of 200 pL. 4-Hyroxyquinoline
generated was measured using fluorescence spectrophotometry
[excitation wavelength (A =310 nm); emission wavelength (A
=400 nm)] using a 96 well plates microplate reader. Regression
equations were prepared from the concentrations of the extracts
and percentage inhibition of MAO-B activity. IC_ values
(concentration of sample required for 50% inhibition of enzyme
activity) were calculated from these regression equations. Each
experiment was repeated in triplicates.

Acetylcholinesterase inhibition assay

Acetylcholinesterase (AChE) enzyme inhibition activity of
Ocimum extracts was assayed in vitro following Ellman et
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al'! using AChE from electric eel. The reaction mixture was
composed of 70% methanol solution of extract (0.01 mlL),
0.02 mL AChE (19.93 unit/mL buffer, pH 8) and 1 mL buffer.
The reaction was initiated by the addition of 0.02 mL substrate
acetylthiocholine iodide (0.6 mM) and 0.01 mL of 0.5 mM
5,5,Dithiobis (2-Nitrobenzoic Acid) (DTNB) solution. DTNB
acted as color developer when it reacts with thiocholine (final
product). The reaction mixture was incubated at 37°C for 20 min.
The optical density was measured at 412 nm immediately using
UV-vis spectrophotometer. Regression equations were derived
from concentrations of extracts (0.1 mg/mL to 1.5 mg/mL) and
percentage inhibition of AChE activity, with IC, values calculated
from regression equation. Each experiment was repeated 4 times.

Ultra-Performance Liquid Chromatography/Mass
Spectroscopy (UPLC/MS) analysis

The analysis of UPLC-ESI-MS/MS in both negative and positive
mode were performed on Xevo TQD triple quadrupole instrument
Waters Corporation, Milford, MA01757, USA, mass spectrometer.
Sample was (100 pg/mL) prepared by using methanol HPLC
analytical grade which was filtered through a disc filter (PTFE,
0.2 pm). The injection volume was 10 uL introduced into reverse
phase C18 column (ACQUITY UPLC-BEH C18 1.7um particle
size, 2.1x50 mm column). Gradient elution was done at a flow
rate of 1.5 mL/min using mobile phase composed of two eluents:
eluent A (acetonitrile) and eluent B (methanol with 0.5 mM
ammonium acetate). The gradient flow was carried out as follows:
95% A, 1-16; 5% A, 16-18; %5 A, 18-20; 95% A, 20-22. Parameters
for analysis were source temperature 150°C, cone voltage 43.7 eV,
capillary voltage 1.73 kV, desolvation temperature 348°C, cone
gas flow 30 L/hr and desolvation gas flow 944 1/h. Mass spectra
were detected in the ESI positive and negative modes scanning
between m/z 100-900. The peaks, spectra and relative peak areas
were processed using Masslynx 4.1 software and identification
was based on molecular weight, fragmentation pattern and
reported data from literature.'

Gas Chromatography/Mass Spectrometry (GC/MS)
analysis

Crude extract (10 mg) prepared from each Ocimum species
was dissolved in methanol: water (1:1) solution. Ribitol (20
uL of 0.2 mg/mL aqueous solution) was added as an internal
standard in each solution. 100 pL of each sample was distributed
into eppendorf tubes and evaporated to dryness. The residue
was re-dissolved in 5 pL of methoxyamine hydrochloride (20
mg/mL prepared in Pyridine) and subsequently shaken for
90 min at 30°C. The metabolites were derivatized' by 45 uL of
N-Methyl-N-Trimethylsilyltrifluoroacetamide (MSTFA) with
1% Trimethylchlorosilane (TMCS). Fatty Acid Methyl Esters
(FAME) markers (1 pL) [a mixture of internal Retention Index
(RI) markers prepared using fatty acid methyl esters of C,
CpC,C,C,C,C,C,C,and C linear chain length,

10° 12° 14 16 18 20’ 22’
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dissolved in chloroform (HPLC) at two different concentrations
such as 0.8 mg/mL and 0.4 mg/mL for C-C and C-C
respectively] was added into the mixture. GC-MS analysis was
carried out by the method of Das and De.'* HP-5MS capillary
column of 30 m length, 0.25 mm narrow bore diameter and 0.25
pm inner film (Agilent ] and W; GC Columns (USA) was used
for GC-MS analysis. Oven temperature was programmed as such:
oven ramp 60°C (1 min hold) to 325°C at 10°C/min; 10 min hold
before cool-down and 37.5 min run time. 250°C temperature
was set for injector, 290°C and 230°C temperature were set for
the MS transfer line and for the ion source respectively. Helium
was used as the carrier gas at a constant flow rate of 0.723 mL/
min (carrier linear velocity 31.141 cm/sec). Sample (1 pL) was
injected onto the GC column using a split ratio of 1:5. Automated
Mass spectral Deconvolution and Identification System (AMDIS)
was used for the analysis of chromatographic peaks and mass
spectra. The mass spectral fragmentation pattern, Retention
Times (RT) and Retention Indices (RI) were compared with
entries in Fiehn GC-MS Metabolomics Library (Agilent GC-MS
Metabolomics RTL Library, 2008). Several peaks were confirmed
using authentic whenever available. Normalized relative response
ratios were obtained by dividing peak areas to that of internal
standard ribitol.

Determination of total phenolics

Total phenolic content was measured using Folin-Ciocalteau
reagent.”” Folin-Ciocalteau (0.5 mL) and 3 mL of each plant
extract were mixed in an eppendorf tube. Sodium carbonate
solution (2 mL of 20% aqueous solution) was added immediately
after 3 min of incubation at room temperature. Later the mixture
was placed in a boiling water bath for 1 min. The total reaction
mixture was allowed to cool down. After that optical density of
the reaction mixture was measured against blank solution. Total
phenol content was measured as mg/mg gallic acid equivalent.

Ligand and receptor structure docking assay

The 2D structures of 44 compounds of Ocimum sp. were
retrieved from PubChem in SDF format. The 3D structures of
the compounds were generated with LigPrep, Schrodinger, using
the OPLS4 force field.!® All possible states of the ligands were
generated at pH values of 7.0£2.0, and the compounds were
desalted during ligand preparation. The specific chirality was
retained and a maximum of 32 structures were generated per
ligand. The ADMET properties of the compounds, including the
Blood-Brain Barrier (BBB) score, CACO-2 permeability, LD,
plasma half-life, P-Gp substrate activity, P-Gp inhibition, and
potential reactive groups were predicted using ICM-Pro.

The structures of AChE and MAO-B were retrieved from
the Protein Data Bank (PDB) (PDB IDs: 4EY6 and 1GOS,
respectively), were bound to the inhibitors, galantamine
N-[(E)-methyl](phenyl)-N-[(E)-2-propenylidene]
methanaminium, respectively.””* The missing residues and

and
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side chains were filled in using Modeller version 10.1,%° and the
structures were prepared with the protein preparation wizard
suite in Maestro, Schrodinger, prior to docking.?* The optimum
protonation states of Asn, Gln, His, and hydroxyl groups were
generated at pH of 7.0 using PROPKA.?*** The water molecules
that were 3.0 A beyond the hetero groups were removed. The
structures were finally subjected to restrained minimisation using
the OPLS4 force field, in which the heavy atoms were restrained.'®

Grid preparation, ligand docking, and hit selection

The binding sites of the inhibitors, galantamine and N-[(E)-
methyl](phenyl)-N-[(E)-2-propenylidene] methanaminium,
bound to AChE and MAO-B, respectively, were considered
for grid preparation. The dimensions of the grid were 22 A, 22
A, and 22 A for AChE and 20 A, 20 A, and 20 A for MAO-B,
along the x-, y-, and z-axes, respectively. The docking protocol
was validated by re-docking the bound inhibitors to the binding
site of the receptors. Hit selection was achieved by comparing
docking scores of the ligands with those of the reported
standards, galantamine and pargyline, of AChE and MAO-B,
respectively. The reported standards and ligands of metabolites
identified in Ocimum species were docked to the binding site of
AChE and MAO-B with the Glide Extra Precision (XP) mode.?**
The ligand-receptor interactions were determined with Maestro,
Schrodinger.®

Statistical analyses

In vitro assays were repeated 4 times. IC, values were calculated
from regression equations. Data are presented as meanstandard
deviation/standard error.

RESULTS

Enzyme inhibition assay

Leaf extracts of all Ocimum species inhibited MAO-B in a
dose dependent manner. Based on IC, values, highest activity
was observed in green variety of O. tenuiflorum followed by
O. basilicum versus lowest effect observed in O. gratissimum
(Figure 1). Results were compared with the activity of pargyline
hydrochloride (IC value=0.000093 mg/ml + 0.00 mg/ml), a
MAO-B inhibitor.”” The activities of each extract were found

significantly lower than that of pargyline hydrochloride.

Likewise, the extracts of all species of Ocimum inhibited AChE
in a dose dependent manner. AChE is another target of PD
management. Based on IC_  values (Figure 2), O. basilicum showed
the strongest inhibition of AChE followed by O. americanum and
green variety of O. tenuiflorum. In contrast, O. gratissimum showed
the lowest inhibitory activity. Galantamine, the standard drug as
reported previously,” exhibited IC, at 0.008 mg/mL. Activities
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of Ocimum leaf extracts were significantly lower than that of
galantamine. To reveal whether acetylcholinesterase inhibitory
activity was correlated with total phenol content, regression
analysis was employed showing r=-0.4983, (df15). IC_ values
were found to be inversely related to total phenolics. In contrast,
MAO-B activity showed no obvious correlation with total
phenolic content. AChE inhibitory activity has been previously
reported for O. basilicum, O. africanum, O. americanum, and
O. minimum grown in Egypt,’> and extend herein to include 4
new species reported to exhibit AChE inhibitory properties
such as O. tenuiflorum (green), O. tenuiflorum (purple), O.
kilimandscharicum, and O. gratissimum.

Metabolites profiling in Ocimum species using
GC-MS

To aid identification of metabolites composition in these Ocimum
leaves to mediate for its effects, metabolites profiling was
attempted using GC-MS. Major classes included organic acids,
amino acids, fatty acids, and sugars, in addition to phenolics.”
Phenolics identified in different species are shown in Table 1.

Additionally, all species of Ocimum contained the non-protein
amino acid L-DOPA as revealed using GC-MS (Table 1). The
relative response ratios of L-DOPA levels are presented in Figure
3, detected at highest amount in O. americanum, followed by O.
basilicum and O. tenuiflorum (green variety). In contrast, the
lowest L-Dopa content was observed in O. gratissimum (Figure
3).
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Secondary metabolites profiling in Ocimum species
using UPLC/MS

Compared to GC/MS metabolites profiling to provide insight
on primary metabolites, UPLC/MS is more suited for secondary
metabolites that are likely to account for leaf biological
effects.® Metabolites profiling of 6 Ocimum species revealed
the identification of 30 compounds including 15 flavonoids, 9
phenolic acids and derivatives, two organic acids, two fatty acids,
tannin and diterpene. Metabolites were identified by comparing
their MS and MS2 data with available literature as presented in
Table 2 alongside their retention time, molecular formulas, and
fragmentation pattern. 18 Metabolites were identified in negative
mode while 13 metabolites were detected in positive mode
attributed to the improved sensitivity level of negative ion mode.
Details of metabolites identification shall be described in the next
subsections.

Identification of flavonoids

Peak 1, identified as epicatechin with [M+H]* at m/z 291, yielded
fragment jon at m/z 244 as loss of 47 Da. Peak 7 was identified
as isorhamnetin with [M-H] at m/z 315 and further fragment
245 supporting its identification.’® Peak 9 was identified as
isorhamnetin-3-(2" acetylglucoside) with [M-H]" at m/z 519.
The fragmentation pattern exhibited the presence of abundant
fragment 315 due to loss of acetyl moiety. Another flavonol was
identified in peak 11 as kaempferol with [M-H]" at m/z 285 and
fragment ion at 153 owing to the consecutive loss of CO."* Peak
12 was identified as luteolin-O-glucuronide with [M+H]* at m/z
463. The precursor ion yielded fragment ion m/z 287 related to
aglycone unit with loss of sugar moiety. Peak 12 was identified

as luteolin 5-glucuronide with [M+H]* at m/z 461. Peak 14 was
identified as apigenin-O-glucuronide with [M+H]* at m/z 447 and
yielding fragment ion m/z 270 with chemical formula C H, O..
Peak 17 was identified as quercetin with [M+H]* at m/z 302. The
fragmentation pattern produced by fragment ion 286 owing to

loss of methyl radical and 258 for subsequent loss of CO.*

Peak 20 was identified as isothymusin with [M+H]* at m/z 331.
The fragmentation pattern revealed the presence of m/z 298
[M+H-32] corresponding to the loss of methyl radical and water
molecule.’® Peak 21 was identified as cirsiliol with [M+H]* at
m/z 331 yielding fragment ion m/z 286 [M+H-45]. Peak 22 was
identified as dihydroxy dimethoxyflavone with [M-H] at m/z 313
and further fragment ion m/z 298 owing to loss of methyl group.'?
Peak 23 (cirsimaritin) with chemical formula showed [M+H]*
ion at m/z 315 revealing its fragment ion m/z 279 [M+H-36].
Peak 24 was identified as nevadensin with [M+H]" at m/z 345 and
confirmed based on fragments appearing at m/z 299 [M+H-46]
and 177 [M+H-168]. Peak 29 was identified as apigenin-O-
dimethyl ester at retention time 15.304 min with [M+H]* at m/z
299 and showing loss of methyl radical and CO.*

Identification of phenolics acids

Peak 2, identified as caffeic acid-O- hexoside with [M-H] at m/z
341 showed loss of glucose residue to yield T fragment ion m/z
179 (C,H, 0,)."* Peak 4 was identified as sinapic acid with [M+H]*
at m/z 225 and further fragments ion at m/z 169 [M+H-56] and
154 [M+H-71] characteristic of sinapic acid. Fragment ion 179
manifested the identification of salvialinic acid with [M-H] at
m/z 197 and the fragmentation pattern was attributed to loss

of water. Peak 10 was identified as caffeic acid with [M-H] at

Table 1: Some of the metabolites identified GC-MS.

Compound name Rt Rt Library
sample

Cinnamic acid* 13.381 13.562
O-Acetylsalicylic acid* 12.786 13.044
Pyrogallol 13.156 13.456
Benzene-1,2,4-triol 13.943 14.164
4-Hydroxybenzoic acid* 14.205 14.505
4-Hydroxy-3-methoxybenzoic 15.734 15.989
acid*

Shikimic acid 16.211 16.433
Quinic acid* 16.914 17.076
Gallic acid* 17.634 18.012
Ferulic acid* 18.974 19.312
Caffeic acid* 19.301 19.755
Arbutin 23.219 23.393
L-Dopa* 18.742 19.089

1 stands for O. tenuiflorum (green variety), 2 for O. tenuiflorum (purple variety), 3 for O. gratissimum, 4 for O. basilicum, 5 for O. kilimandscharicum and 6 for O. ameri-

Risample RlLibrary m/z 1 2 3 4 5 6
1220 1227.1 205 - = | = . -
1171.5 1179.3 267 + +
1201.3 1217.8 239 + +
1259.2 1278.27 342 + - - - 3
1284.1 1305.2 267 4 oA [ aF F
1EsE 1438.7 297 - = +
1460.2 1483.6 204 S

1518.7 1539.2 345 + o+ +
1579 1630.39 458 - -+ o+ -
1692.6 1711.91 338 - + + =
1720.3 1807.7 396 + + + o+ +
2244.8 2045 254 - - |+ |- -
689.2 732.9 267 + + + + +

canum. *Metabolites also identified by matching the spectral characters with that of authentic compounds.
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m/z 179. The fragmentation pattern attributed to fragment ion
151 [M-H-28] due to the loss of CO. Peak 15 was identified as
rosmarinic acid with [M-H]" at m/z 359. Peak 15 was identified
by rosmarinic acid with [M-H]" at m/z 359. Fragment ion 341 was
characterized by loss of H,O from rosmarinic acid. Peak 16 was
identified as ferulic acid with [M-H]" at m/z 193. Fragmentation
pattern was achieved through four fragment ions: 181 [M-H-12],
173 [M-H-20], 167 [M-H-26] and 153 [M-H-40]. Peak 26 was
identified as 4-sinapoyl-O-caffeoyl quinic acid with [M-H] at
m/z 559 (C, H,,
[M-H-178]. Peaks 28 and 30 were identified as feruloyl tartaric
acid and caftaric acid, respectively. The generated fragment ions
were 310 [M-H-15] and 295 [M-H-16], respectively.

0,,) and its fragment was obtained at m/z 381

Identification of fatty and organic acids

Peak 18 was identified as trihydroxy-octadecadiendic acid with
[M-H] at m/z 327 and its fragment was obtained at m/z 313
[M-H-14].

Peak 3 and peak 8 were identified as isocitric acid and
hydroxyjasmonic acid hexoside with [M-H]" at m/z 191 and 387,
respectively. Fragment ions were attributed to 166 [M-H-25] and

207 resembling aglycone fragment of hydroxyl jasmonic acid.'?
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Figure 3: Comparison of content of L-DOPA among six different Ocimum
species.

Docking of phenolic metabolites of Ocimum species
to AChE and MAO-B

The activities of the phenolic compounds identified from different
Ocimum species were studied to AChE and MAO-B by molecular
docking. The docking protocol was validated by re-docking
with inhibitors, galantamine and N-[(E)-methyl](phenyl)-N-
[(E)-2-propenylidene]methanaminium, bound to AChE and
MAO-B, respectively. The RMSD values between the crystal pose
and docked pose of the bound inhibitors generated with Glide
XP were 1.352 A and 1.409 A for AChE and MAO-B, respectively,
indicating good correlation between the docked and crystal poses.
The Glide XP docking scores of the standard reported inhibitors
of AChE and MAO-B (galantamine and pargyline, respectively)
were -6.925 and -5.586, respectively (Table 3). The compounds
with docking scores better (lower) than the reported standards
were selected as hits. A total of 27 hits were identified against
AChE by comparison of the docking scores with the standard
(galantamine), while all compounds of Ocimum sp. performed
better than the standard inhibitor, pargyline, in terms of the
Glide XP score (Table 3). The docking scores of the hits identified
against AChE and MAO-B are provided in Table 3.

Ligand-receptor interaction analysis revealed that the hits
identified against AChE formed pi-pi interactions with Trp627,
Trp827, Tyr878, and His988, implying that these residues were
important for ligand binding. The findings also revealed that
Ser744 of AChE was the primarily involved in the formation
of ligand-receptor hydrogen bonds (Figure 4). Analysis of
the ligand-receptor interactions of MAO-B revealed that the
ligand-receptor hydrogen bonds were primarily mediated via
Ser559, Tyr560, and GIn706 (Figure 5).

ADMET screening

The ADMET properties of the compounds were determined
using ICM Pro. The drug-likeliness of the compounds were
determined based on Lipinski’s rule of five and Veber’s rules.
Compounds with molHERG scores >0.5 are potential HERG

Figure 4: Interactions of the hits identified against AChE and the standard inhibitor, galantamine.
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Table 2: Metabolites identified by UPLC/MS.

No. Rt Compound name Chemical M+ M- Fragments 7 2 3 4 5 6 Chemicalclass
formula

1 1.208 Epicatechin C,H.O 5 291 - 244 - - - + - - Flavonoid

2 1.532 Caffeic acid hexoside =~ C_H O, 341 179 - + - - - - Phenolic

3 1.770 Isocitric acid CH, O, - 191 166 - - + - - + Organicacid

4 3183  Sinapicacid C,HO* 225 - 169154  + - - - - - Phenolic

5 3.507 Salvialinic acid CH, O, - 197 179 - - - 4+ - - Phenolic
(danshensu)

6 4.681 Carnosic acid 39 | = 302/225 == EDiterpene

4.868 Isorhamnetin CH, 0, - 315 163 + - - - - - Flavonoid
5.686 7-epi-hydroxyjasmonic C H, O - 387 207 + + + + + - Organicacid

acid glucoside

9 6.066 Isorhamnetin CHO, - 519 315 - - + - - - Flavonoid
3-(2"-acetylglucoside)

10 6.196 Caffeic acid CH, O, - 179 151 - - - 4+ - - Phenolicacid

11 6.605 Kaemperfol C,HO, - 285 153 - - + - - - Flavnoid

12 7.405 Luteolin-7-O C,H,O, 463 - 287 + - - - - - Flavonoid
glucuronide

13 7.422 Luteolin C,H.O, - 461 327 + + - - - - Flavonoid
-5-glucuronide

14 7.950 Apignin-7-O C,H, O 447 445 219("), + + - - - - Flavonoid
-glucuronide 270()

15 7.96 Rosmarinic acid C.H, O, - 359 341 - - - + + + Phenolicacid

16 8.750 Ferulic acid C, HO, 193 181/173/ - - - - + - Phenolicacid

167/153

17 9.482 Quercetin C.H O 303 - 286/258 + - - - + + Flavonoid

18 9.635 Trihydroxy- C,H, O, 327 313 - - - - + + Fattyacids
octadecadiendic acid

19 9.669 Ellagic acid-di-methyl C _H O, - 491  401/327 - - - - - + Tannin
ether-O-glucoside

20 10.469  Isothymusin C,H.Of 331 - 298 + - + - - + Flavonoid

21 10.513  Cirsiliol C,H.O' 331 - 286 + - - - - - Flavonoid

22 11.508  Dihydroxy C,H.O,/ - 313 298 + - + + + + Flavonoid
dimethoxyflavone

23 11525  Cirsimaritin CH.O5 315 - 279 - - + - - + Flavonoid

24 11.763  Nevadensin CH.,O' 345 - 229/177 + + - o+ +  Flavonoid

25 14.18 Salvigenin 329 - 282 - - -+ + Flavonoid

26 14.878  4-Sinapoyl-O- caffeoyl C, H O, - 559 381 - - - + - + Phenolicacid
quinic acid

27 14963  Gardenin B C,H.O " 359 - 302/224 - - - - 4+ + Flavonoid

28 15219  Feruloyl tartaricacid ~ C H, Oy = 325  310/287 + + + + - - Phenolicacid

29 15304  Apigenin-O- C,H. O+ 299 - 241 - - - - + Flavonoid
dimethyl ether

30 17.159  Caftaric acid C,H, Oy - 311  295/250 + + + - + - Phenolicacid

Note: 1 stands for O. tenuiflorum (green variety), 2 for O. tenuiflorum (purple variety), 3 for O. gratissimum, 4 for O. basilicum, 5 for O. kilimandscharicum and 6 for O.
americanum.
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inhibitors. The molHERG scores of all the compounds from
Ocimum sp. were less than 0.5, indicating that none of the
compounds are potential HERG inhibitors. In ICM-Pro, mol
LD,, values <5 mg/kg indicate high toxicity. The IC,, values of
all the compounds were much higher than 5 mg/kg, indicating
that the compounds were not potentially toxic. Compounds with
molPAINS scores >0.5 have high probability of being PAINS
compounds. The results of ADMET prediction revealed that most
of the compounds of Ocimum sp. had a high probability of being
PAINS compounds (Supplementary Table 1). The molPAMPA
scores indicate PAMPA permeability, and scores <-5.0 indicate
high permeability. Most of the compounds of Ocimum sp.
were predicted to have high permeability, as indicated by the
molPAMPA scores. The molPGPINHIB and molPGPSUBST
scores indicate P-glycoprotein (P-gp) inhibition and P-gp substrate
probability, respectively, and scores >0.5 indicate high probability
of being P-gp inhibitors or substrates, respectively. The results
of ADMET prediction revealed that none of the compounds
were P-gp inhibitors or P-gp substrates. The ToxScore provides
a measure of chemical toxicity alert, and scores >1 indicate the
presence of unfavourable substructures or substituents. Most of
the compounds of Ocimum sp. contained unfavourable groups,
as indicated by the ToxScore. The unfavourable substituents or
substructures in the compounds are mentioned in Supplementary
Table 1. Ellagic acid-di-methyl ether-O-glucoside, rosmarinic
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Figure 5: Interactions of the hits from Ocimum sp. and the standard inhibitor, pargyline, with the binding site of MAO-B.
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acid, and luteolin-5-glucuronide were identified as top scoring
hits against both AChE and MAO-B from molecular docking

studies.
DISCUSSION
Oxidative stress resulted from accumulation of reactive

oxygen species is a reason for neurodegenerative disorders like
Parkinson’s disease.® Parkinson’s disease is the second common
neurodegenerative disease. MAO-B inhibitors, AChE inhibitors
and L-DOPA are used for the treatment of this disease. Activation
of MAO-B is responsible for cognitive dysfunction, destruction
of cholinergic neurons, formation of amyloid plaques and
catabolism of dopamine. MAO-B inhibitors increase availability
of dopamine in the brain by preventing such catabolism."?
Dementia and imbalance in PD patients are treated by AChE
inhibitors.? such treatments have side effects.>®
Researchers are trying to find new phytochemicals or food
supplements for better treatment options.* In vitro and in silico
studies of several phytoconstituents have been studied.”®*° In
traditional Ayurvedic system of medicine Mucuna pruriens and
Withania somnifera have been used to manage neurodegenerative
diseases. Other plant of similar relevance is Curcuma longa.* The
present in vitro studies showed that the extracts of the leaves
of five Indian Ocimum species inhibited MAO-B and AChE
enzymes. All the species also contained L-DOPA. Compared to

However,
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Receptor
AChE

MAO-B

82

Compound

Ellagic acid-di-methyl ether-O-glucoside
Luteolin-7-O-glucuronide

Rosmarinic acid

Luteolin-5-glucuronide
7-Epi-12-hydroxyjasmonic acid glucoside
Isorhamnetin 3-(2"-acetylglucoside)
Quercitrin

Catechin

Quercetin

Caftaric acid

Danshensu

Apigenin-7,4'-dimethyl ether
Isorhamnetin

Cirsiliol

Apigenin-7-O-glucuronide
Feruloyltartaric acid

Kaempferol

Luteolin

Cirsimaritin
9,10,13-Trihydroxy-11-octadecenoic acid
Salvigenin

Gardenin B

Dihydroxy dimethoxyflavone
Nevadensin

Caffeic acid hexoside

Isothymusin

Caffeic acid

Galantamine (standard)

Quercitrin

Ellagic acid-di-methyl ether-O-glucoside
Rosmarinic acid

Caftaric acid

Luteolin-5-glucuronide
7-Epi-12-hydroxyjasmonic acid glucoside
Quercetin

Cirsiliol

Luteolin

Caffeic acid hexoside

Feruloyltartaric acid
9,10,13-trihydroxy-11-octadecenoic acid
Quinic acid

Apigenin-7-O-glucuronide

Table 3: Docking scores of the hits from Ocimum sp. identified against AChE and MAO-B by docking-based screening.

Glide XP score Ligand efficiency

-12.154 -0.347
-11.957 -0.362
-11.581 -0.445
-10.831 -0.328
-10.573 -0.392
-10.136 -0.274
-9.785 -0.306
-9.658 -0.460
-9.640 -0.438
-9.548 -0.434
-9.497 -0.678
-9.372 -0.426
-9.198 -0.400
-9.093 -0.379
-9.093 -0.284
-8.866 -0.385
-8.853 -0.422
-8.835 -0.421
-8.727 -0.379
-8.363 -0.364
-8.351 -0.348
-8.327 -0.320
-8.193 -0.356
-8.113 -0.325
-8.026 -0.334
-7.527 -0.314
-7.317 -0.563
-6.925 -0.330
-11.948 -0.373
-11.865 -0.339
-11.854 -0.456
-11.456 -0.521
-10.524 -0.319
-10.511 -0.389
-10.443 -0.475
-10.381 -0.433
-10.304 -0.491
-10.139 -0.422
-10.028 -0.436
-9.653 -0.420
-9.536 -0.734
-9.491 -0.297
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Receptor Compound
Luteolin-7-O-glucuronide
Nevadensin

Isorhamnetin

Cirsimaritin

Isothymusin

Salvigenin

Dihydroxy dimethoxyflavone
Kaempferol

Catechin

Carnosic acid

Gardenin B

Gallic acid

Sinapic acid
Apigenin-7,4'-dimethyl ether
Shikimic acid

Arbutin

Isocitric acid

4-hydroxy-3-methoxy benzoic acid

Cinnamic acid

Cafteic acid
O-acetylsalicylic acid
Pyrogallol

Danshensu
4-hydroxybenzoic acid
Benzene-1,2,4-triol

Pargyline (standard)

dopamine that does not cross blood brain barrier, L-DOPA is
transported to CNS where it gets converted to dopamine. L-Dopa
is used clinically to alleviate symptoms of PD being one of the
most effective therapies to manage motor symptoms.*” Whether
the administration of Ocimum species could present a better
source of L-DOPA with less side effects than pure L-DOPA
warrants for further in vivo experiments. Chemical synthesis of
L-DOPA is time consuming, expensive, and generates racemic
mixtures of L-DOPA. Consequently, plants as natural source of
L-DOPA presents a low-cost approach to derive enantiomerically
pure compound.®® Other plants reported to be enriched in L
DOPA include Mucuna prurience (L.) DC. and Vicia faba L.
of Fabaceae. Now we report this metabolite from six species
of Ocimum. The three most important Ocimum species having
all the therapeutic properties to control PD symptoms are O.
basilicum, O. americanum, and O. tenuiflorum (green). L-Dopa
content, inhibitory properties against MAO-B and AChE are
high in these three species compared to others. During the study
a large number of metabolites, mainly phenolic metabolites

Free Radicals and Antioxidants, Vol 13, Issue 2, Jul-Dec, 2023

Glide XP score Ligand efficiency
-9.307 -0.282
-9.135 -0.365
-9.123 -0.397
-9.012 -0.392
-8.999 -0.375
-8.989 -0.375
-8.611 -0.374
-8.521 -0.406
-8.402 -0.400
-8.345 -0.348
-8.334 -0.321
-7.934 -0.661
-7.754 -0.485
-7.655 -0.348
-7.518 -0.626
-7.495 -0.394
-7.296 -0.561
-7.127 -0.594
-6.693 -0.608
-6.664 -0.513
-6.638 -0.511
-6.429 -0.714
-6.322 -0.452
-6.023 -0.602
-5.779 -0.642
-5.586 -0.466

were identified by GC-MS and LC-MS. To identify the bioactive
constituents, docking based screening was performed.

Docking-based virtual screening is frequently employed for the
rapid screening of large chemical libraries for identifying top
scoring hits.** The approach can reduce the cost and time of
inhibitor discovery by reducing the number of potential hits, and
has proved successful in screening phytochemicals against various
targets.”” Molecular dynamics simulations are also frequently
employed in computer-aided drug discovery studies for studying
the behaviour of protein-ligand complexes and determining
the stability of complexes and protein-ligand interactions.
Forty-three compounds, mostly phenolics, were identified from
the extracts by GC-MS and HPLC-MS. These phytochemicals
were then studied to AChE and MAO-B by molecular docking.
The RMSD values between the crystal pose and docked pose of
the bound inhibitors generated with Glide XP were 1.352 A and
1.409 A for AChE and MAO-B, respectively, indicating good
correlation between the docked and crystal poses. Twenty-seven
phytochemicals were identified as hits against AChE based on

83



Sarkar, et al.; Anti-Parkinson Potential of Ocimum sp.

their docking scores better (lower) than the standard galantamine.
Thirty-nine phytochemicals showed better docking score than
pargyline (Table 3). The identified phytochemicals were not
potentially toxic. Most of the chemicals were found to have high
permeability. Ellagic acid-di-methyl ether-O-glucoside (detected
in O. americanum), rosmarinic acid (detected in O. basilicum, O.
americanum), and luteolin-5-glucuronide (detected in the green
variety of O. tenuiflorum) were identified as top scoring hits
against both AChE and MAO-B from molecular docking studies.

CONCLUSION

Out of several therapeutic methods to alleviate symptoms of
debilitating neurodegenerative disease PD, three important
treatment options are: uses of MAO-B inhibitors, AChE
inhibitors, administration of L-DOPA to increase the level of
dopamine in the brain. From the above experimental results one
important finding is that all the plants contained L-DOPA. The
most three important plants are O. americanum, O. basilicum,
and O. tenuiflorum (green). Second important finding is that all
the Ocimum species inhibited MAO-B. The two most important
plants were O. tenuiflorum (green) and O. basilicum. MAO-B
inhibitors are used either alone or in combination with L-DOPA.
These two properties are present in O. tenuiflorum (green) and O.
basilicum. Thirdly the Ocimum species also inhibited AChE. The
three most important plants in this regard are O. basilicum, O.
americanum, and O. tenuiflorum (green). So, the three Ocimum
species contain all the therapeutic properties to alleviate PD
symptoms. Further, ADMET screening indicated that none of the
phenolic compounds identified from different Ocimum species
are potentially toxic. Rosmarinic acid, ellagic acid-di-methyl
ether-O-glucoside, and luteolin-5-glucuronide, exhibited strong
binding affinity to MAO-B as well as AChE, as indicated by the
docking scores. So, it can be concluded that the three Ocimum
species O. tenuiflorum (green), O. basilicum, and O. americanum
have potential value to develop as a natural product nutraceutical
for alleviating the PD symptoms without side effects, subject to
further in vivo experiments.
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