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Chemical composition and inhibitory potentials of key-enzymes linked to
neurodegenerative diseases of wild garlic: Allium atrovioleceum Boiss.
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Allium atroviolaceum is an edible plant and also known as wild garlic in Turkey, was collected from two different localities
namely Kemalpasa (AA-1) and Tire (AA-2). Phenolic constituents of the different parts of species were determined using LC-
ESI-MS/MS, total phenolic (TPC), total flavonoid contents (TFC) and antioxidant activity of samples were performed by
spectrophotometrically. Inhibitory potentials of samples against acetylcholinesterase, butyrylcholinesterase and tyrosinase were
determined by a 96-well microplate reader. 28 compounds were quantified and naringenin (948.7 pg/g extract) as a flavonoid in
bulb extracts of AA-2 and gallic acid (835.2 pg/g extract) as a phenolic acid in bulb extracts of AA-1 had the highest values.
The flowers of AA-1 (23.72 mg GAE/g extract) had higher levels of TPC and was the most active sample for antioxidant
assays. Cholinesterases and tyrosinase inhibitory activities activities were observed in all samples and the most potent was the
bulbs (IC50 2.14, 1.98 pg/mL,) of AA-2 and flowers of AA-1 (62.53 pg/mL), respectively. Lastly, the data were investigated
by principal component analysis for statistical analysis. Conclusively, this study determines the correlation between phenolic
compounds, antioxidant and enzyme inhibitory activities of A. atroviolaceum as a functional food and contributes to detailed

research of species belonging to the genus of Allium.
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Alzheimer's (AD) and Parkinson's (PD) diseases are
the two most prevalent neurodegenerative diseases
around the world and there were 46.8 million with
AD and 6.1 million with PD patients in 2016
Cholinesterase inhibitors, which enhance the level of
acetylcholine (ACh) in the central nervous system are
the major drugs used for symptomatic treatment
of AD. However, these drugs have multifarious side
effects, including nausea, vomiting, diarrhea,
dizziness, abdominal pain and headache®. Tyrosinase
is responsible for melanin biosynthesis in mammals
so that it partakes skin pigmentation and other
abnormalities and also creates the enzymatic
browning of fruits and vegetables**. Moreover, the
tyrosinase enzyme is associated with Parkinson’s
disease (PD) by oxidizing dopamine and levodopa to
dopaquinone which causes more sensitive neurons
towards cell damage due to their reactive properties.
Neuromelanin interacts with «a-Synuclein protein
which is considered to be managing for familial PD
and also, making neurons in the substantia nigra pars
compact more susceptible to toxic effects®”. Thus,
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tyrosinase inhibition activity studies on natural
products have become important in relation to PD.
Phytoinhibitors are expectant agents for many
diseases like AD and PD, thanks to their broad range
of pharmacological activities and the minimal adverse
impacts. For this reason, numerous types of
investigation are increasing in recent years on the
anticholinesterase and antityrosinase activities of the
plants®. Furthermore, neurons are more susceptible to
free radical damage and oxidative stress plays an
important role in the occurrence of AD and PD as in
many chronic diseases, so antioxidant agents are
important to prevent the neurodegenerative effect of
such oxidative stress in AD and PD°.

The genus Allium L. (Amaryllidaceae) is represented
by about 900 species, distributed across the northern
hemisphere'®*'. Many Allium species, particularly
cultivated forms (A. sativum L. and A. cepa L., A.
porrum L.) are widely used as vegetables, spices and
folk remedies owing to their health beneficial
properties’>*®,  Especially, these species have
important effects on the cardiovascular system thanks
to their hypotensive, hypolipidemic, platelet preventing
and hypocholesterolemic effects™. A. atroviolaceum
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Boiss., known by the common name “wild garlic” is
an ingredient of a traditional cheese of Turkey and the
plant’s onion and leaves are consumed raw or cooked
in the flowering period and also, used instead of
garlic in the eastern part of Turkey****. Moreover, this
species had some biological activities such as
cytotoxic, antiproliferative and apoptosis-inducing
activities on breast, cervical and liver cell lines and
antiplatelet activity similar to the garlic and onion'®*".

Plant phenolics are one of the most important groups
of natural products and most investigated secondary
metabolite groups owing to their wide range of
pharmacological and biological actions. Many kinds of
research on neurodegenerative diseases have shown that
phenolic molecules cross the blood-brain barrier and
create protective effects on neuron cells by different
mechanisms'®*®. In this context, Allium species are
known to be rich in phenolic constituents together with
organosulfur  compounds which can attenuate
neuroinflammatory responses in microglial cells through
modulation of Nrf2-mediated signaling as well as other
oxidative stress-related pathways. So, they possess
neuroprotective efficacy by modulating cellular redox
homeostasis and benefit brain health??*.  Also,
neuroprotective effects of many Allium species were
reported in the literature some of these have been used
or suggested purpose of against neurodegenerative
diseases in different regions®?’. In addition, several
studies have been reported that Allium species had
potent anticholinesterase, antityrosinase and antioxidant
activities®*. From this perspective, the phenolic profile
screening with in vitro biological activities including
acetylcholinesterase, butyrylcholinesterase, tyrosinase
enzyme inhibitory, and antioxidant activity studies of A.
atrovioleceum, were investigated for the determination
potential of different parts against AD and PD.

Material and Methods

Chemicals

Reference standards used in the LC-MS/MS
analysis and AChE (from Electrophorus electricus),
BChE (from equine serum), Acetylthiocholine/
Butyrylthiocholine iodide, DTNB (Ellman's reagent)
[5,5'-dithio-bis-(2-nitrobenzoic  acid)], tyrosinase
(from mushroom), galanthamine, L-Dopa and kojic
acid were purchased from Sigma Aldrich.

Plant material

Allium atroviolaceum Boiss. was collected in 2018
from Kemalpasa and Tire (Izmir/Turkey) in the
flowering period. The plant was authenticated by Hasan

Yildirim. Voucher specimens (No’s:1606 and 1611)
have been kept in the Herbarium of the Department of
Pharmacognosy, Faculty of Pharmacy, Ege University.

Sample preparation

The samples were prepared by the extraction of bulb,
stem and flower parts of A. atroviolaceum. The
extraction method was developed by our research group
depends on shaking plant material with methanol®.
Samples were preserved at 4°C and for LC-MS/MS
analysis, they were filtered through a 0.22 pm PTFE
syringe filter into a vial.

Total phenolic content (TPC)

A modified method was applied for the determination
of the total phenolic content of extracts®. 1 mL of
extracts (1 mg/mL), Folin—Ciocalteu reagent (diluted
ten-fold) and 4 mL of Na,CO; solution (7.5%) were
mixed in a vial. The mixture was incubated at 25°C for
20 min and the absorbance was detected at 765 nm
(Thermo  Scientific-Evolution  Array). Also, the
calibration curve was defined with a similar procedure.
Gallic acid was used as a positive control and outcomes
of the assay were given as gallic acid equivalents. The
analysis was performed in triplicate.

Total flavonoid content (TFC)

Total flavonoid content of extracts was evaluated
by AICI; method with slight modifications®. 2 mL of
methanol extract, 0.1 mL of a 10% aluminum chloride
solution, 0.1 mL of CH;CO,K (1 M) and 2.8 mL
of distilled water were mixed in a vial. The mixture
was incubated 30 min at room temperature and the
absorbance was evaluated at 415 nm (Thermo
Scientific-Evolution Array). Quercetin was used as a
positive standard, and outcomes of the assay were
given as quercetin equivalents. The analysis was
performed in triplicate.

Identification of phenolic compounds

Phenolic compounds were quantified by liquid
chromatography-mass spectrometry (TSQ Quantum™
Access MAX Triple Quadrupole Mass Spectrometer
Thermo Scientific™). Chromatographic conditions
and mass parameters were detailed in our previous
study®. Quantification of molecules was achieved
using an external standard method, the identification
of the compounds in the samples was established by
matching the retention times and MS/MS fragments
with reference molecules. Mass parameters were
given in Table 1. Outcomes of LC-MS/MS analysis
were given as pg per gram of methanol extracts. The
analysis was performed in triplicate.
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Table 1 — Molecular formula, polarity, the m/z values of their precursor and product ions and collision energies used for
fragmentation

Compound Molecular Collision energy lon. Precursor ion Product ion
Formula V) mode [m/z] [m/z]

Gallic acid C,;HgOs5 15 Neg. 169.07 125.02
p-Coumaric acid CyHgO3 13 Neg. 163.01 119.08
3-Hydroxybenzoic acid C;H¢03 15 Neg. 137.18 93.18

4-Hydroxybenzoic acid C7H¢O3 15 Neg. 137.15 93.15

Vanillic acid CgHsO, 7 Neg. 167.10 152.60
Ferulic acid C1oH1004 15 Neg. 193.04 134.10
Syringic acid CyH1005 15 Neg. 19.11 182.18
Daidzein CisH1004 34 Neg. 252.84 223.10
Chrysin CisH1004 35 Neg. 253.18 143.06
Kaempferol Ci5H1006 35 Neg. 285.10 227.01
Luteolin C15H100¢ 30 Neg. 284.96 238.95
Fisetin C15H100¢ 30 Neg. 285.10 135.01
Morin CisH1007 23 Neg. 301.22 150.94
Quercetin Cy5H1007 26 Neg. 301.20 150.94
3-O-methylquercetin CiH1207 20 Neg. 315.10 290.99
Isorhamnetin CiH1207 23 Neg. 315.09 300.02
Galangin C15H1005 35 Pos. 271.20 153.11
Myricetin CisH1o0g 25 Neg. 317.05 191.00
Vitexin Cy1H»01 20 Neg. 431.29 310.96
Hesperidin CygH34015 20 Neg. 609.40 300.88
3-Hydroxyflavone CisH1003 34 Pos. 239.10 165.08
Naringenin Cis5H1,05 22 Neg. 271.05 151.01
Genistein Ci5H1005 30 Pos. 271.09 153.11
Rutin Cy7H30015 35 Neg. 609.24 299.91
Catechol CsHsO> 27 Neg. 109.22 108.10
(+)-Catechin C15H140¢ 22 Neg. 289.10 203.07
(-)-Epicatechin Ci5H140¢ 15 Pos. 291.22 139.10
(-)-Epigallocatechin gallate CyH15011 15 Pos. 459.18 139.10

Limits of detection (LOD) and quantification (LOQ)
were established at a signal-to-noise ratio (S/N) of 3
and 10, respectively. Also, analyses were experimentally
determined by 10 injections of each analyte (Table 2).

Anticholinesterase activity

Anti-cholinesterase activities of the methanol extracts
were evaluated by the described method, using 96-well
ELISA microplate reader, modified from Ellman’s
method®***, Concentrations were between 0.001-1000
mg/mL and also, galanthamine was used as a positive
standard. The ICs, values of methanol extracts were
determined with three independent experiments using
the software GraphPad Prism V5.0 (GraphPad Software,
San Diego, CA, USA).

Tyrosinase inhibitory activity

Anti-tyrosinase activities of methanol extracts was
established using the modified dopachrome method with
kojic acid as a positive standard®. Briefly, 1/15 M
potassium phosphate buffer (pH 6.8) including 5%
DMSO was used to prepare 7 different concentrations of
methanol extracts (1000-1 pg/mL) and tyrosinase

enzyme solution in the same phosphate buffer
(46 U/mL) were mixed in a microtiter plate. After
incubation at 25°C for 10 min, 25 mM L-Dopa
substrate solution was added. And then, each well mixed
and incubated at 25°C for 20 min. Subsequently, the
absorbance was monitored at 475 nm. The percentage
tyrosinase inhibition (1%) was calculated based on the
following equation: (1%) = {(Acontro-Asampte) ! Acontrol}
x100, where A.mo Cclarifies the absorbance of the
control in the presence of enzyme and Agmpe IS the
absorbance of the sample. The assay was carried out by
96-well microplate using ELISA microplate reader and
ICs, values of samples were determined using the
software GraphPad Prism V5.0. The analysis was
performed in triplicate.

Antioxidant activity

The antioxidant activities of samples were detected
by DPPH and CUPRAC assays, according to Blois®
and Apak et al*” with slight modifications, respectively.
0.1 mM DPPH and the sample solution was mixed
and the mixture was incubated for 30 min at room
temperature. The absorbance was determined at
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Table 2 — Analytical parameters of LC-MS/MS analysis.
Compound Ranges (ug/mL) Linear equation R? LOD LOQ
(Hg/mL) (Hg/mL)

Gallic acid 1-2000 y =1.9844x - 16,915 0.9989 0.012 0.039
p-Coumaric acid 100-1000 y = 33.987x + 70,123 0.9983 0.023 0.061
Vanillic acid 1-500 y = 3.4917x - 0,0833 0.9995 0.019 0.055
Ferulic acid 1-2000 y = 7.037x - 7,5479 0.9988 0.031 0.096
Syringic acid 1-500 y = 2.0075x + 0,6098 0.9968 0.015 0.048
Daidzein 0.5-50 y =200.61x - 44,783 0.9951 0.022 0.068
Chrysin 0.5-50 y = 144.38x + 7,0548 0.9991 0.018 0.055
Kaempferol 1-500 y =1.0497x + 1,9539 0.9986 0.011 0.037
Luteolin 1-500 y =407.05x - 224,2 0.9986 0.023 0.068
Fisetin 0.5-50 y =39.924x - 1,6077 0.9977 0.030 0.096
Morin 0.5-250 y =40.163x + 32,379 0.9979 0.017 0.054
Quercetin 0.5-250 y =40.842x + 7,0164 0.9993 0.028 0.090
3-O-methylquercetin 0.5-250 y = 15.096x + 8,0153 0.9989 0.008 0.028
Isorhamnetin 1-2000 y = 215.42x - 567,56 0.9998 0.016 0.053
Galangin 10-500 y=171.28x +12,5 0.9976 0.025 0.081
Myricetin 0.5-50 y =84.192x - 3,5256 0.9985 0.018 0.054
Vitexin 0.5-50 y =279.22x +2,1661 0.9976 0.009 0.031
Hesperidin 0.5-50 y =127.82x + 20,836 0.9989 0.028 0.059
3-Hydroxyflavone 0.5-10 y = 6333.3x - 816,67 0.9965 0.019 0.061
Naringenin 1-2000 y =752.9x - 20293 0.9985 0.027 0.088
Genistein 1-500 y = 183.64x + 505,51 0.9990 0.005 0.016
Rutin 0.5-100 y =1985.8x + 1793,5 0.9992 0.015 0.049
Catechol 0.5-100 y = 3.1296x + 2,8607 0.9996 0.023 0.071
(+)-Catechin 0.5-100 y = 74.509x - 38,691 0.9988 0.006 0.022
(-)-Epicatechin 0.5-50 y =95x —26.15 0.9950 0.019 0.066
(-)-Epigallocatechin gallate 0.5-100 y =4.0622x — 0.4726 0.9947 0.031 0.098

Table 3 — Sample ID, extraction yield, total phenolic and total flavonoid contents of extracts.

Collection site Part used Sample ID Yield (%) TPC (mg GAE?/g extract) TFC (mg QEb/g extract)
Bulb AA-1B 8.30 27.95+0.9 6.21 +£0.9
Kemalpasa/izmir Stem AA-1H 10.99 21.22+04 5.68 + 0.6
Flower AA-1F 19.44 33.72+14 8.63+1.1
Bulb AA-2B 12.71 2471+05 9.17 £0.8
Tire/Izmir Stem AA-2H 11.55 20.66 £0.7 7.51+0.8
Flower AA-2F 24.87 25.81+1.8 6.93+0.5

Values expressed are means + S.D. of three parallel measurements. 2Gallic acid equivalent; "Quercetin equivalent

517 nm (Thermo Scientific-Evolution Array) and
a-tocopherol was used as a positive control.

For the CUPRAC assay, 10 mM CuCl,, 7.5 mM
neocuproine and solution of methanol extract were
mixed in neutral pH (7). The mixture was incubated
in the darkness for 30 min, the absorbance were
determined at 450 nm and outcomes of assay were
given Trolox equivalents/g of extract (mg TE/g
extract). The analysis was performed in triplicate.

Statistical analysis

Principal component analysis (PCA) was carried
out for decreasing the number of variables in the data
matrix aiming to select the most selective parameters

by SPSS 25 software. In this regard, the PCA
visualized similarities and distinctions of samples. So,
the most discriminating phenolics and biological
activities and also the relationship between them in
different parts of plants were emphasized.

Results and Discussion

An extraction method that is efficient, quick and
with no changes in the structure of extracted
compounds was applied to bulb, stem and flower parts
of plants. Collection site, sample ID, extraction yield,
the total phenolic and total flavonoid contents of
extracts were shown in Table 3. All samples were
found rich in phenolic composition and the highest
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Table 4 — Concentrations of phenolic compounds (pg g™* of extract) of samples.
Compound AA-1B AA-1H AA-1F AA-2B AA-2H AA-2F
(Mg/mL) (Mg/mL) (Mg/mL) (Mg/mL) (Mg/mL) (Mg/mL)
Gallic acid 835.2+3.14 415.2+2.15 227.2 £1.69 99.2+1.28 119.6 £1.77 127.2 +£2.08
p-Coumaric acid 564.5+2.07 6742+182 639.3+0.18 273.4+2.45 182.3+1.42 173.1+1.49
3-Hydroxybenzoic acid 323.3+0.95 367.5 +3.69 759.2 +4.31 530.8 £1.07 299.0 £ 3.09 186.0 + 3.56
4-Hydroxybenzoic acid 476.6 +152 388.2+245 351.4 +£2.46 379.0+231 301.5+2.55 280.6 £ 2.74
Vanillic acid 21.1+£0.43 29.1+£1.75 40.0+£3.15 82.3+1.99 200.4 £ 3.89 194.6 +4.09
Ferulic acid 22.9+2.76 56.6 £ 0.66 34.4+£0.77 508.7 £3.16 752.2+4.16 469.2 £1.55
Syringic acid 475+ 2.64 39.5+0.79 68.0 £1.22 195+1.54 30.5+1.33 51.1+1.79
Daidzein 3.1+£0.72 T T T 1.4+£0.22 ND
Chrysin T T T ND ND ND
Kaempferol 174.4 +1.89 48.0 + 3.59 24.0 £1.67 3144 +£3.42 3.0+1.09 198.2 +1.43
Luteolin T T T 59.2 +2.19 5.2+1.28 218.1+£0.88
Fisetin 253+1.04 3.4+£0.68 3.0+£1.25 T 2.0+£1.49 T
Morin 3.3+251 25+0.11 1.5+0.61 137.2 +4.08 7.5%0.69 16.8+£1.15
Quercetin 2.8+0.39 46+291 5.9+0.32 98.2+1.52 7.7+152 13.1+1.68
3-O-methylquercetin 78.1£0.17 105.2 +3.62 72.0 £1.47 18.3 + 2.66 5.0+ 0.76 20.3+3.49
Isorhamnetin 10.6 £1.63 7.0+0.64 5.0+1.92 256.9 £1.89 52.0 £2.33 4571 +£1.98
Galangin 58.7+£2.44 81.6 +£0.72 68.4 +£2.09 93.2+244 38.0+1.84 26.1+£1.59
Myricetin T T T 3.7+1.02 T T
Vitexin 1.1+£0.32 T T 4.3+0.59 T 1.6+0.73
Hesperidin 1.0+0.54 1.4+0.88 1.7+0.85 32.6+1.32 22 +1.05 2.8+ 0.66
3-Hydroxyflavone 8.1+0.79 48+0.94 5.2+0.67 1.4+0.24 1.4+0.72 1.5+0.24
Naringenin 16.1+£1.94 14.0+£0.36 145 +1.53 948.7 £4.11 32.9+£0.99 221.3+£1.69
Genistein 34.7+201 31.4+0.55 38.4+2.79 363.3+2.78 273+1.76 430.5 +£3.45
Rutin ND ND T 83.4 £1.62 T T
Catechol 93.3+1.65 23.3+1.49 66.7 £ 3.06 325+1.46 33.3+£155 475+0.61
(+)-Catechin T 1.2+£0.80 1.3+£0.55 98.2 £2.09 7.7%+0.93 13.1+£0.85
(-)-Epicatechin 3.6+1.22 6.3+1.44 4.3+0.89 T 1.7+£0.28 T
(-)-Epigallocatechin gallate 17.1+0.83 13.0 +4.03 15.2+0.73 21+081 11.9+0.74 T

Values expressed are means + S.D. of three parallel measurements. ND: not detected, t: trace amounts.

values were detected in AA-1F (33.72 mg GAE/g
extract) and AA-2B (9.17 mg QE/g extract) for TPC
and TFC, respectively. This technique, due to its high
selectivity and sensitivity, is considered more
advantageous compared with other LC methods. The
amounts of 28 compounds were determined in
different parts of the plants and also Table 4 shows
the content of the phenolic compounds in the samples.
The LC-MS/MS data revealed that the phenolic
contents of the samples are quite different from each
other, although they are the same species collected
from different localities. Generally, the amounts of
the phenolic acids were found higher levels in AA-1
samples than AA-2, but this situation was opposite for
flavonoids. 2 compounds in AA-1F and AA-2B, 3
compounds in AA-1H and AA-2F, 7 compounds in
AA-1B and 10 compounds in AA-2B were the major
phenolics of all extracts. Also, 3-hydroxybenzoic acid
(530.8 ug/g extract) as a phenolic acid and naringenin
(948.7 pg/g extract) as a flavonoid were the major
constituents of AA-2B. TIC chromatograms and mass

fragmentations of major compounds of AA-2B were
shown in Figure 1. Further, chrysin had the lowest
levels in all extracts which was not detected in AA-2
samples and was in trace amounts in AA-1 samples.
A remarkable point is that rutin was found as 83.4
ug/g extract with a high concentration in AA-2B,
while presented in trace amounts or not detected in
other samples.

Methanol extracts from bulb, stem and flower parts of
plants were tested for their AChE and BuChE inhibitory
activities (Table 5) and galanthamine was used as a
positive standard. ICs, values of galanthamine were
calculated as 0.106 pg/mL and 1.04 pg/mL, respectively.
Also, all samples showed AChE and BUChE inhibitory
activities and the most potent sample was AA-2B (1Cs
2.14 and 1.98 pg/mL respectively). Phenolic compounds
with higher concentrations may well contribute to the
anticholinesterase inhibitory activity. Kaempferol,
luteolin, quercetin, galangin, naringenin, genistein,
morin and rutin were reported as potent anticholinesterase

molecules®**.
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Fig. 1 — Chromatograms and ms fragmentations of major compounds of AA-2B.
Table 5 — Enzyme inhibitory and antioxidant properties of the samples.
Samole AChE Inhibition ~ BuChE Inhibition m;ﬁ’fo'r?a(slf: DPPH CUPRAC
P (ICsq pg/mL) (ICsq pg/mL) ug/mL) 50 (ICso pg/mL) (mg TE/g extract)
AA-1B 51.33+0.11 40.51+0.09 67.40£0.05 51.93+2.54 124.81+0.95
AA-1H 119.45+0.09 4.90+0.01 78.83+0.16 85.31+2.03 71.52+1.16
AA-1F 65.87+£0.03 34.48+0.12 62.53+0.08 42.66+1.38 182.92+2.43
AA-2B 2.14+0.02 1.98+0.04 120.66+0.24 58.27+0.72 131.77+0.83
AA-2H 96.25+0.16 73.22+0.21 95.61+0.17 97.58+1.73 68.44+1.75
AA-2F 4.31+0.04 2.41+0.07 147.1+0.08 62.44+0.94 109.25+2.09
Galanthamine 0.106+0.01 1.04+0.01 - - -
Kojic acid - - 7.9+0.02 - -
a-Tocopherol - - - 9.33+0.47 -

Values expressed are means + S.D. of three parallel measurements. std: Standard

The tyrosinase inhibitory potentials of the extracts
(Table 5) were determined spectrophotometrically,
using a microplate assay with a 96-well microplate
reader and kojic acid was used as a positive control
(ICso 7.9 pg/mL). ICsy values of the samples were
found to be high, compared to the cholinesterase
inhibitory activity. The highest tyrosinase inhibitory
activity was observed in AA-1F and the lowest was in
AA-2F, interestingly. Phenolic compouds such as 4-
hydroxybenzoic acid, vanillic acid, p-coumaric acid,
(-)-epigallocatechin gallate, kaempferol, catechol and
catechin may have contribute to the anti-tyrosinase
activity of the extracts. Among these molecules, 4-
hydroxybenzoic acid, vanillic acid, (-)-epigallocatechin
gallate and kaempferol were found to be strong anti-

tyrosinase compounds™. In addition, catechol and
catechin with the dihydroxyphenol structure, and p-
coumaric acid with the similar chemical structure of
L-tyrosine, are the substrate molecules for tyrosinase
enzyme**,

2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical
scavenging method was carried out for the antioxidant
activity of extracts (Table 5). The highest activity
was found in AA-1F (42.66 pg/mL) sample and the
lowest was in AA-2H (97.58 pg/mL) and so that a
prominent correlation was observed with TFC.
For the reducing power capacity of samples,
CUPRAC assay was utilized and AA-1F (182,92 mg
TE/g extract) was the most potent sample, similarly
DPPH assay.
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Fig. 2 — Principal component analysis of phenolic compounds, antioxidant activity and enzyme inhibitory potencies in samples. 1; AA-

1B, 2; AA-1H, 3; AA-1F, 4; AA-2B, 5; AA-2H, 6; AA-2F.

To interrelate and to easily visualize the samples of
the outcomes of this investigation, PCA was
performed and a two-dimensional PCA scatter plot
(based on two first PCs) was constructed (Fig. 2).
First of all, it should be noted that the 1Cx, values and
activity potency of samples are inversely proportional.
Therefore, when these activities are evaluated
statistically with samples or data of these samples, the
negative correlation should be taken into
consideration. The angle between the cholinesterase
inhibitory activity and the AA-2B is the highest, thus
the correlation is the greatest. Similar situation was
detected for anti-tyrosinase activity with AA-1
samples. The total variance explained by the two
principal components (PC1 and PC2) and data
resulted in 93.05. The first (PC1) and second principal
component (PC1) were explained as 65.17% and
27.88% of the variability, respectively. Loading plot

of the variables demonstrated that, phenolic acids
other than ferulic acid and vanillic acid were found to
be discriminating for AA-1 samples and myricetin,
vitexin, kaempferol and rutin were observed as the
most distinguishing compounds for AA-2B.

Conclusion

Bulb, stem and flower extracts of A. atroviolaceum,
collected from different localities, were investigated in
terms of the phenolic composition, anti-cholinesterase,
anti-tyrosinase and antioxidant activities. Our findings
demonstrated that the concentrations and distributions of
phenolic compounds of extracts are quite different from
each other and phenolic acids are primary phenolics
of the samples. All samples showed distinctive
cholinesterase and tyrosinase inhibitory and antioxidant
activities and a correlation between phenolic content and
biological assays was detected. Owing to possessed
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diverse bioactive compounds and so showed different
biological activities, A. atroviolaceum may be a
functional food and natural source for advanced in vivo
research on Alzheimer's and Parkinson's diseases as an
Allium species.

Acknowledgments
Authors acknowledge the financial support for this
study by TUBITAK (217S341).

Conflict of Interest
The authors declared no conflict of interest in the
manuscript.

Authors' Contributions

Conceptualization; AE, Formal analysis; AE,
Funding acquisition; AE and CE, Resources; AE,
Software; AE, Biological analyses; CE, Supervision;
AE, Writing; AE.

References

1  Bulck MV, Sierra-Magro A, Alarcon-Gil J, Perez-Castillo A
& Morales-Garcia J A, Novel approaches for the treatment of
Alzheimer’s and Parkinson’s disease, Int J Mol Sci, 20 (3)
(2019) 1-36.

2 Weinstock M, Selectivity of cholinesterase inhibition:
Clinical implications for the treatment of Alzheimer’s
disease, CNS Drugs, 12 (4) (1999) 307-323.

3 Zolghadri S, Bahrami A, Hassan Khan M T, Munoz-Munoz
J, Garcia-Molina F, et al., A comprehensive review on
tyrosinase inhibitors, J Enzyme Inhib Med Chem, 34 (1)
(2019) 279-309.

4  Martinez M V & Whitaker J R, The biochemistry and control
of enzymatic browning, Trends Food Sci Technol, 6 (1995)
195-200.

5 Asanuma M, Miyazaki | & Ogawa N, Dopamine- or L-
DOPA-induced neurotoxicity: The role of dopamine quinone
formation and tyrosinase in a model of Parkinson’s disease,
Neurotox Res, 5 (3) (2003) 165-76.

6 Hasegawa T, Tyrosinase-expressing neuronal cell line as in
vitro model of Parkinson’s disease, Int J Mol Sci, 11 (3)
(2010) 1082-1089.

7  Tessari I, Bisaglia M, Valle F, Samori B, Bergantino E,
et al., The reaction of a-synuclein with tyrosinase: Possible
implications for Parkinson disease, J Biol Chem, 283 (24)
(2008) 16808-16817.

8 Rasool M, Malik A, Qureshi M S, Manan A, Pushparaj P N,
et al., Recent updates in the treatment of neurodegenerative
disorders using natural compounds, Evid Based Complement
Alternat Med, 2014 (2014) 1-7.

9 Yan M H, Wang X & Zhu X, Mitochondrial defects and
oxidative stress in Alzheimer disease and Parkinson disease,
Free Radic Biol Med, 62 (2013) 90-101.

10 Govaerts R, Kington S, Friesen N, Fritsch R, Snijman D A,
et al., 2005-2019 World checklist of Amaryllidaceae,
Available from: http://apps.kew.org/wesp/ (accessed 25 April
2019)

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

339

Friesen N, Fritsch R M & Blattner F R, Phylogeny and new
intrageneric classification of Allium (Alliaceae) based on
nuclear ribosomal DNA ITS sequences, Aliso, 22 (2006)
372-395.

Devi A, Rakshit K & Sarania B, Ethnobotanical notes on
Allium species of Arunachal Pradesh, India, Indian J Tradit
Know, 13 (3) (2014) 606-612.

Corzo-Martinez M, Corzo N & Villamiel M, Biological
properties of onions and garlic, Trends Food Sci Tech, 18
(2007) 609-625.

Firat M, The ethnobotanical usage of some East Anatolian
(Turkey) Allium L. species, MJAL, 5 (1) (2015) 80-86.
Guldigen O & Sensoy S, Sirmo (Allium spp.), wild herb
species used in herby cheese, VII International Symposium
on Edible Alliaceae, 2015, p. 1143.

Khazaei S, Ramachandran V, Abdulhamid R, Mohd Esa N,
Etemad A, et al., Flower extract of Allium atroviolaceum
triggered apoptosis, activated caspase-3 and down-regulated
antiapoptotic Bcl-2 gene in HelLa cancer cell line, Biomed
Pharmacother, 89 (2017) 1216-1226.

Lorigooini Z, Kobarfard F & Ayatollahi S A, Anti-platelet
aggregation assay and chemical composition of essential oil
from Allium atroviolaceum Boiss growing in Iran, Int J Biol
Sci, 5 (2014) 151-156.

Ishige K, Schubert D & Sagara Y, Flavonoids protect
neuronal cells from oxidative stress by three distinct
mechanisms, Free Radic Biol Med, 30 (4) (2001) 433-446.
Nie G, Cao Y & Zhao B, Protective effects of green tea
polyphenols and their major component, (-)-epigallocatechin-
3-gallate (EGCG), on 6-hydroxydopamine-induced apoptosis
in PC12 cells, Redox Report, 7 (3) (2002) 171-177.

Zeng H, Chen Q & Zhao B, Genistein ameliorates f-amyloid
peptide (25-35)-induced hippocampal neuronal apoptosis,
Free Radic Biol Med, 36 (2) (2004) 180-188.

Paul B D, Shodio J | & Snyder S H, Cysteine metabolism in
neuronal redox homeostasis, Trends Pharmacol Sci, 39
(2018) 513-524.

Qu Z, Mossine V V, Cui J, Sun G Y & Gu Z, Protective
effects of age and its components on neuroinflammation and
neurodegeneration, Neuromol Med, 18 (2016) 474-482.
Jacqueta A R, Tambe M A, Ma S Y, McCabe G P,
Vest J H C, et al., Pikuni-Blackfeet traditional medicine:
Neuroprotective activities of medicinal plants used to treat
Parkinson’s disease-related symptoms, J Ethnopharmacol,
206 (2017) 393-407.

Sharifi-Rad M, Lankatillake C, Dias D A, Doce A O,
Mahomoodally M F, et al., Impact of natural compounds on
neurodegenerative  disorders:  From  preclinical  to
pharmacotherapeutics, J Clin Med, 9 (1061) (2020) 1-19.
Mounkoro P P, Togola A, de Jong J, Diallo D, Paulsen B S,
et al., Ethnobotanical survey of plants used by traditional
health practitioners for treatment of schizophrenia spectrum
disorders in Bandiagara, Mali, West Africa, J Herb Med, 24
(2020) 100402.

Kantati Y T, Kodjo K M, Dogbeavou K S, Vaudry D,
Leprince J, et al., Ethnopharmacological survey of plant
species used in folk medicine against central nervous system
disorders in Togo, J Ethnopharmacol, 181 (2016) 214-220.
Bahaeddin Z, Yans A, Khodagholi F & Sahranavard S,
Dietary supplementation with Allium hirtifolium and/or
Astragalus hamosus improved memory and reduced neuro-



340

28

29

30

31

32

33

34

35

INDIAN J TRADIT KNOW, APRIL 2022

inflammation in the rat model of Alzheimer’s disease, Appl
Physiol Nutr Metab, 43 (6) (2018) 558-564.

Hadacova V, Vackova K, Klozova E, Kutacek M & Pitterova K,
Cholinesterase activity in some species of the Allium Genus,
Biol Plant, 25 (3) (1983) 209-215.

Aydin ¢ & Mammadov R, Phytochemical analysis, phenolic
content, antioxidant, antibacterial, insecticidal and cytotoxic
activites of Allium reuterianum Boiss. extracts, Indian
J Tradit Know, 18 (2) (2019) 290-298.

Emir A, Emir C & Yildirim H, Characterization of phenolic
profile by LC-ESI-MS/MS and enzyme inhibitory activities
of two wild edible garlic: Allium nigrum L. and Allium
subhirsutum L., J Food Biochem, 44 (2020) e13165.
Singleton V L, Orthofer R & Lamuela-Raventos R M,
Analysis of total phenols and other oxidation substrates and
antioxidants by means of Folin-Ciocalteu Reagent, Meth
Enzymol, 299 (1999) 152-178.

Dziri S, Hassen I, Fatnassi S, Mrabet Y, Casabianca H, et al.,
Phenolic constituents, antioxidant and antimicrobial activities
of rosy garlic (Allium roseum var. odoratissimum), J Funct
Foods, 4 (2) (2012) 423-432.

Ellman L, Courtney K D, Andres Jr V & Featherstone R M,
New and rapid colorimetric determination of acetylcholinesterase
activity, Biochem Pharmacol, 7 (1961) 88-95.

Lopez S, Bastida J, Viladomat F & Codina C,
Acetylcholinesterase inhibitory activity of some Amaryllidaceae
alkaloids and Narcissus extracts, Life Sci J, 71 (2002) 2521-
2529.

Masuda T, Yamashita D, Takeda Y & Yonemori S,
Screening for tyrosinase inhibitors among extracts of
seashore plants and 1dentification of potent inhibitors from

36

37

38

39

40

41

42

43

Garcinia subelliptica, Biosci Biotechnol Biochem, 69 (1)
(2005) 197-201.

Blois M S, Antioxidant determinations by the use of a stable
free radical, Nature, 181 (1958) 1199-1200.

Apak R, Giiglii K, Ozyiirek M & Celik S E, Mechanism of
antioxidant capacity assays and the CUPRAC (cupric ion
reducing antioxidant capacity) assay, Microchimica Acta,
160 (4) (2008) 413-419.

Katalini¢ M, Rusak G, Domacinovi¢ Barovi¢ J, Sinko G,
Jeli¢ D, et al., Structural aspects of flavonoids as inhibitors
of human butyrylcholinesterase, Eur J Med Chem, 45 (1)
(2010) 186-192.

Remya C, Dileep K V, Tintu I, Variyar E J & Sadasivan C,
Design of potent inhibitors of acetylcholinesterase using
morin as the starting compound, Front Life Sci, 6 (3-4)
(2012) 107-117.

Balkis A, Tran K, Lee Y Z & Ng K, Screening flavonoids for
inhibition of acetylcholinesterase identified baicalein as the
most potent inhibitor, J Agr Sci, 7 (2015) 26-35.

Wang H M, Chou Y T, Hong Z L, Chen H A, Chang Y C,
et al., Bioconstituents from stems of Synsepalum dulcificum
Daniell (Sapotaceae) inhibit human melanoma proliferation,
reduce mushroom tyrosinase activity and have antioxidant
properties, J Taiwan Inst Chem Eng, 42 (2011) 204-211.

Boo Y C, p-coumaric acid as an active ingredient in
cosmetics: A review focusing on its antimelanogenic effects,
Antioxidants, 8 (8) (2019) 275.

Parvez S, Kang M, Chung H & Bae H, Naturally occurring
tyrosinase bhibitors: mechanism and applications in skin
health, cosmetics and agriculture industries, Phytother Res,
21 (9) (2007) 805-16.



