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ABSTRACT: Allium species belong to the Amaryllidaceae family and are represented with approximately 900 species,
with 220 taxa found in Turkey. The aim of the present study is to analyze the chemical structure and to investigate the
enzyme inhibitory activities linked to Alzheimer's Disease, skin disorders, and type 2 Diabetes Mellitus of essential oil
obtained from Allium proponticum subsp. proponticum, which is an endemic species. The essential oil was obtained with
hydrodistillation using a Clevenger-type apparatus from flower parts of the plant and the analysis was carried out by
Gas Chromatography Mass Spectrometry. Inhibitory activities of samples against acetylcholinesterase,
butyrylcholinesterase, tyrosinase, a-amylase, and a-glucosidase were realized in a 96-well microplate using an ELISA
microplate reader. The yield of essential oils was 0.0095 %. A total of 17 components, 11 of sulfur-containing compounds
(73.83 %), were identified, constituting 86.72 % of the total essential oil. ICs values of enzymes inhibitory activities were
258.47 + 3.28 for acetylcholinesterase, 522.81 + 1.29 for butyrylcholinesterase, 38.22 + 1.87 for tyrosinase, 28.50 + 1.12 for
a-glucosidase and 14.68 £ 0.78 for a-amylase. To conclude, the essential oil of Allium proponticum subsp. proponticum
with its sulfur-containing compounds may be a promising natural product due to its activity in inhibition of tyrosinase,
a-amylase, a-glucosidase.
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1. INTRODUCTION

Clinical drug treatments of Alzheimer's disease (AD) are based on cholinesterase inhibitors (tacrine,
donepezil, rivastigmine, galantamine) and antagonist of N-methyl-D-aspartic acid (NMDA) receptor
(memantine). As neurotransmitter regulators, these drugs do not affect mortality but increase the quality of
life and stabilize the disease stage. Thus, cholinesterase inhibitors are currently major drugs for the
symptomatic treatment of AD [1]. Tyrosinase is a multifunctional, glycosylated, and copper-containing
oxidase, which catalyzes the formation of melanin via steps of hydroxylation of tyrosine to L-Dopa and
subsequent oxidation L-Dopa to dopaquinone. Melanin is a photoprotective pigment in human skin however,
the excessive melanin deposition in different parts of the skin might give rise to melanoma and many other
skin disorders [2]. Also, tyrosinase creates the enzymatic browning of fruits and vegetables, which negatively
influences their color, taste, flavor, and nutritional value [3]. Diabetes mellitus (DM) is s a metabolic disorder
characterized by hyperglycemia, which causes instability in the metabolism of fat, carbohydrates, and protein.
The fast breaking down of starch into glucose leads to high blood glucose levels, known as postprandial
hyperglycemia, an indicator for type 2 DM. a-amylase and a-glucosidase enzymes induce postprandial
hyperglycemia due to the hydrolysis of starch and oligosaccharide. Starch and other complex polysaccharides
are hydrolyzed by a-amylase to oligosaccharides such as maltose, maltotriose, etc., via the cleavage of a-1,4
glycosidic bonds. These fragments are subsequently transformed into the absorbable monosaccharide in the
final step of the digestion by a-glucosidase located in the small intestine. Thus, the inhibition of these enzymes
by pharmaceutical agents is an accepted clinical strategy for managing postprandial glycemia in patients
affected by type 2 diabetes [4, 5].

Allium species belong to the Amaryllidaceae family and are represented with approximately 900 species
with 220 taxa found in Turkey, distributed across the northern hemisphere [6]. While these species are rich in
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carbohydrates, proteins, fats, minerals, and vitamins [7], they have a wide spectrum of secondary metabolites
including mainly organosulfur compounds as well as polyphenolics, saponins, and alkaloids [8]. Accordingly,
many cultivated and wild Allium species have been investigated for their anticarcinogenic, antimicrobial,
antiplatelet, antithrombotic, antihyperlipidemic, antihypertensive, and antiasthmatic effects as well as
immune-stimulatory properties [9].

While there are many studies on essential oils of aromatic plants, limited studies on essential oils
obtained from Allium species have been reported. A. proponticum Stearn Et N. Ozhatay has two endemic
subspecies including proponticum, and parviflorum, also subsp. proponticum differs with 3.5-4 mm perianth
segments from the other. A. proponticum subsp proponticum, has a flowering period between May and June,
distributed in coastal cliffs, beaches, rocky slopes, vineyards, walls, ruins [10]. The core objective of this
research was to determine the chemical compositions as well as cholinesterase, tyrosinase, a-amylase, and a-
glucosidase inhibitory activities of essential oil obtained from flower parts of A. proponticum Stearn Et N.
Ozhatay subsp. proponticum Stearn Et N. Ozhatay, for the first time to the best of our knowledge.

2. RESULTS and DISCUSSION
2.1. Essential oil analysis

Firstly, the whole plant was used to obtain essential oil by hydrodistillation, but the foam was formed
with boiling due to secondary metabolites such as saponosides contained in the plant and the essential oil
could not be obtained. Secondly, the bulb parts of the plant were tried, the foam did not ocur, but the essential
oil could not be obtained sufficient for the analysis of experiments. Thirdly, the stem parts of the plant were
tried however, the same problem occurred as in the first step. Lastly, the flower parts were used and the
essential oil was obtained without the foaming problem by a yield of 0.0095 % (v/w). In the literature, essential
oils were got from especially bulb and flower parts of wild Allium species with varied yields; from bulbs of A.
tuncelianum (0.0046 %) [11], A. macrochaetum (0.25 %) [12], A. macrostemon (0.56 %) [13], and from flowers of A.
atroviolaceum (0.7 %) [14], A. sphaerocephalon (0.0074 %) [15], and A. roseum (0.05 %) [16]. Essential oils, obtained
from aromatic plants, are volatile, natural, complex compounds characterized by a strong odor and have
terpenes as the main components. However, sulfur-containing molecules were found as major compounds
which have low stability. Therefore, analyzes were performed as quickly as possible after essential oil
isolation. The chemical composition of the oil was investigated by GC-MS and results are presented in Table
1, and also total ion chromatogram is given in Figure 1. 3,5-diethyl-1,2,4-trithiolane isomers were the main
compounds. A total of 17 components, 11 of sulfur-containing compounds (73.83 %), were identified,
constituting 86.72 % of the total essential oil. Similarly, sulfur compounds were determined as major
components in the analysis of essential oils obtained from different Allium species. 3,5-diethyl-1,2,4-trithiolane
isomer was a second dominant compound in the essential oil of A. sphaerocephalon [15], additionally, di-2-
propenyl disulfide in A. sativum, dipropyl disulfide in A. cepa and A. fistulosum [17], diallyl disulfide in A.
tuncelianum [11], and A. macrochaetum [12], methyl propyl disulfide in A. macrostemon [13] and allyl methyl
trisulfide in A. ursinum [18] were the main compounds of essential oils. Although generally, polysulfides were
the major molecules in these essential oils, methyl-propenyl disulfide isomer and dimethyl trisulfide were
minor compounds in our sample. Basically, S-alkenyl-L-cysteine sulfoxides (ACSOs) are the main water-
soluble molecules in crude Allium plants. Alliinase (EC 4.4.1.4) is released by mechanical processes such as
crushing or chopping, and thiosulfinates are formed by an enzymatic reaction of ACSOs. Then, these quite
unstable molecules convert to oil-soluble polysulfides [19]. So, the amount of polysulfides in the sample also
depends on the diversity and quantity of ACSOs.

Table 1. The essential oil composition of A. proponticum Stearn Et N. Ozhatay subsp. proponticum Stearn
Et N. Ozhatay

No Compound Retantion Time  Content %
1 Methyl-propenyl disulfide (isomer) 14.363 1.37
2 Dimethyl trisulfide 15.448 0.91
3 Nonanal 19.650 3.28
4 Ethyl-3-methyl thiopropionate 20.497 1.79
5 Decanal 22.724 1.49
6 3-ethyl-5-methyl-1,2 4-trithiolane (isomer)  23.835 4.83
7 3-ethyl-5-methyl-1,2 4-trithiolane (isomer)  24.049 5.52
8 3,5-diethyl-1,2,4-trithiolane (isomer) 26.677 19.61
9 3,5-diethyl-1,24-trithiolane (isomer) 26.905 23.38
10 3,4-bis(methylthio)-1,2,5-thiadiazole 28.282 1.01
575
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11 N-methylpyrrolidine-2-thione 29.205 3.98
12 2,3-bis-methylthio-1,4-dithiane (isomer) 33.318 7.32
13 2,3-bis-methylthio-1,4-dithiane (isomer) 33.388 411
14 2-Pentadecanone, 6,10,14-trimethyl 38.413 0.78
15 Heneicosane 46.803 1.35
16 Pentacosane 50.943 2.28
17 Heptacosane 56.940 3.71
18 Sulfur-containing compounds 73.83
19 Hydrocarbons 7.34
20 Aldehydes 4.77
21 Ketones 0.78

Total 86.72
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Figure 1. Total ion chromatogram of A. proponticum Stearn Et N. Ozhatay subsp. proponticum Stearn Et N.
Ozhatay

2.2. Enzyme inhibitory activity

Inhibitory potentials of the essential oil against five enzymes including acetylcholinesterase (AChE),
butyrylcholinesterase (BuChE), tyrosinase, a-glucosidase, and a-amylase were investigated in 96-well
microplates by an ELISA microplate reader. Galanthamine was used as a positive standard for AChE and
BuChE inhibitory activities of the sample and ICs values of galanthamine were calculated as 0.106 + 0.01 and
1.04 £ 0.01 pg/mL, respectively. Low anticholinesterase activity of the sample was observed and ICsq values
were determined as 258.47 + 3.28 pg/mL (AChE) and 522.81 * 1.29 pg/mL (BuChE). In contrast, in our
previous studies, methanol extracts of different Allium species showed significant cholinesterase inhibitory
activity due to their rich phenolic compounds [20, 21]. Also, a detailed structure-activity relationship has not
been reported between sulfur compounds and cholinesterase enzymes. In our research, the sulfuric
compounds were established as high amounts based on the peak area, and notwithstanding this point, lower
values belonging to the essential oil samples for anticholinesterase activity were calculated. On the other hand,
sulfur-containing molecules are considered as capable drug candidates for AD treatment because of
possessing neuroprotective efficacy by modulating cellular redox homeostasis [22]. Regarding this property,
numerous sulfuric constituents have antioxidant activity [23]. Among them, allyl sulfide derivatives, which
were detected in the studied Alliums, such as diallyl disulfide and diallyl trisulfide displayed cytoprotective
activities by prohibiting AB-induced cell death [24]. Moreover, allyl sulfides prevented AP aggregation in vitro
thanks to different methods, including HPLC and thioflavin fluorescence [25]. Therefore, the mentioned
molecules with small quantities in these Allium plants might play a role in antioxidant potential together with
phenolics.

Tyrosinase inhibitory activity of the sample was carried out using a-kojic acid as a positive control,
which demonstrated an ICs value of 7.9 + 0.02 pug/ mL. The essential oil showed potent inhibitory activity with
38.22 + 1.87 pg/mL ICs value. As mentioned above, sulfur compounds were the main components in the
essential oil sample, like other Allium essential oils notified in the literature. A high affinity to certain metal
ions also makes S-containing molecules beneficial for competitive inhibitor design. The sulfur atom of the
molecule binds to both copper ions in the active site of the tyrosinase and blocks enzyme activity [26]. So,
many studies have revealed the competitive inhibitory property of S-containing compounds against the
tyrosinase enzyme [26-28].

Acarbose was used as a positive standard to measure the a-amylase and a-glucosidase inhibitory
potential of the essential oil, and the ICs values were determined as 8.75 + 0.97 pg/mL and 300.56 + 6.65
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pg/mL, respectively. Also, ICs values of sample were calculated as 14.68 + 0.78 pg/mL for a-amylase
inhibitory and 28.50 +1.12 pg/mL for a-glucosidase inhibitory activities. Many Allium species have been used
for the treatment or management of type 2 DM owing to their organosulfur compounds. These molecules
could either behave as an insulin secretagogue or insulin-sensitizer to perform the antidiabetic activity [29,
30]. Schmidt et al. evaluated the a-glucosidase inhibitory activity of extracts of 35 different Allium species, and
the activity was observed in all species and A. nutans, A. pskemense, A. ramosum, A. schoenoprasum, A. cepa were
the most potent [31]. Also, extracts of six Allium species were investigated in terms of a-amylase inhibitor
activity, and A. akaka, A. sativum, A. porrum, A. cepa showed significant inhibitory activity [32]. In addition,
Rocchetti et al. studied both a-amylase and a-glucosidase inhibitory activities of aerial and bulb parts of nine
Allium species. Remarkable inhibitory activities against both enzymes of all samples of A. scabriflorum, A.
atroviolaceum, A. hirtovaginatum, A. cappadocicum, A. trachycoleum, A. vineale and A. paniculatum were reported
[33].

3. CONCLUSION

In the present study, the essential oil obtained from flower parts of A. Proponticum subsp. Proponticum
was investigated 5771ilfuir577 first time in terms of chemical profiling and determination of inhibitory activities
against cholinesterases, tyrosinase, a-amylase and a-glucosidase. The GC-MS analysis of the essential oil
suggested that the 577ilfiir-containing compounds were dominant molecules. Also, the sample showed a
significant inhibitory activity against enzymes, except cholinesterases. In this regard, this research revealed
that this essential oil has the potential to be a therapeutic natural product due to related enzyme inhibition.
The structure-activity relationship between sulfur compounds and tyrosinase, a-amylase, and a-glucosidase,
needs to be further explored in detail.

4. MATERIALS AND METHODS
4.1. Plant material

A. proponticum subsp. Proponticum was collected from Spil mountain (Manisa/ Turkey) in July 2018. The
plant was identified by Dr. Hasan Yildirim. Voucher specimen (No: 1623) was deposited in the Herbarium of
the Department of Pharmacognosy, Faculty of Pharmacy, Ege University.

4.2. Chemicals and reagents

The reference standards used in liquid chromatography-tandem mass spectroscopy (LC-MS/MS)
analysis, acetylcholinesterase (AchE, from Electrophorus electricus), butyrylcholinesterase (BuChE, from
equine serum), acetylthiocholine/butyrylthiocholine iodide, 5,5'-dithio-bis-(2-nitrobenzoic acid) (DTNB,
Ellman’s reagent), galanthamine, tyrosinase (from mushroom), L-Dopa, kojic acid, a-glucosidase (Type I,
E.C.3.2.1.20), p-nitrophenyl glucopyranoside, a-amylase (Type VI-B, E.C.3.2.1.1) used for enzyme inhibitory
activity, were purchased from Sigma Aldrich.

4.3. Isolation of the essential oil

The fresh flowers of the plant (300 g) were subjected to hydrodistillation for 4 h, in a Clevenger-type
apparatus. The obtained essential oil was dried over anhydrous sodium sulfate and essential oils were kept in
airtight containers in a refrigerator at 4 °C for subsequent experiments.

4.4. GC-MS analysis

The qualitative analysis of essential oils was carried out according to Liu et al. [13] with modifications,
using GC-MS (Agilent 5977A Series) equipped with a HP-5MS Ultra Inert (Agilent) capillary column (60 m x
0.250 m x 0.25 pm). The oven temperature was accomplished using a temperature-programmed route:
accordingly, 40°C (hold for 2 min) was set as the initial temperature, then raised to 50 °C and increased to 260
°C (hold for 14 min) at the rate of 5 °C/min. Helium as a carrier gas at the flow rate of 1 mL/min. The split
ratio was 1:10; ionization energy was 70 eV; scan time was 1 s; acquisition mass range was m/z 50-500. The
compounds were identified by comparing the mass spectral fragmentation with standard reference spectra
from the NIST 07 database (NIST Mass Spectral Database, PC-Version 7.0).

4.5. Cholinesterase inhibitory activity

The modified Ellman’s method was applied for AchE and BuChE inhibitory activities of samples using
a microplate reader. Galanthamine was used as the positive standard. The experiment was applied according
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to Ellman et al. [34] with modifications. The steps of the method were explained in detail in our previous study
[21].

4.6. Tyrosinase inhibitory activity

Antityrosinase activity of samples was carried out according to the modified dopachrome method [35].
Samples with seven different concentrations (1000, 750, 500, 250, 100, 10, and 1 pg/mL), and mushroom
tyrosinase in 1/15 M potassium phosphate buffer (pH 6.8) (46 U/mL) were mixed in 96-well microplates.
After incubating at 25 °C for 10 min, 2.5 mM L-Dopa solution was added to the mixture. Then the incubation
was applied for 25 min and absorbance was measured at 475 nm. Kojic acid was a positive control.

4.7. a-Glucosidase inhibitory activity

a-Glucosidase inhibitory activity of samples was performed according to Feng et al. with slight
modifications [36]. 0.1 U/mL enzyme, samples, which were prepared in different concentrations with 0.01 M
PBS, and acarbose were added to 96-well microplates. The mixture was incubated at 37°C for 15 min, then p-
nitrophenyl-f-D-glucopyranoside as substrate was put in. After incubation at 37 °C for 15 min, 0.2 M sodium
carbonate was added as a reaction terminator. The absorbance of the yellow p-nitrophenol formed was
measured in a microplate reader at 405 nm.

4.8. a-Amylase inhibitory activity

The assay was applied according to Nampoothiri et al. with slight modifications [37]. DNS reagent was
prepared by dissolving 1 g of 3,5-dinitrosalicylic acid in 50 mL of distilled water, then adding 20 mL of 2 M
NaOH and 28.2 g of sodium potassium tartrate tetrahydrate, also known as Rochelle's salt, and making it up
to 100 mL with distilled water. According to the protocol created, 100 uL of starch solution and 100 pL of the
sample were incubated for 10 minutes at room temperature. 100 pL of amylase enzyme solution was added
and incubated at the same time and temperature. 200 uL. of DNS reagent was added and the enzyme was
allowed to break down the starch for 5 minutes in a shaker (100 °C). Subsequently, It was cooled at room
temperature for a while. 50 pl of this mixture was taken and diluted with 200 pl distilled water, and
measurements were taken at 540 nm.

Enzyme inhibitory potentials of sample were realized in a 96-well microplate using an ELISA microplate
reader (Varioskan Flash Multimode Reader, Thermo Scientific, USA). The ICsy values of samples were
calculated by the software GraphPad Prism V5.0 (GraphPad Software, San Diego, CA, USA).
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