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ABSTRACT

Centaurea species has great potential as a traditional medicinal herb
and C. cadmea subsp. pontica collected from rocky slope crevices of
Kire Mountain is endemic to the flora of Tlrkiye. In the present work,
to reveal the plant's pharmacological importance, its potency to inhibit
various medicinal enzymes was investigated, supported by molecular
docking studies. The half-maximal inhibitory concentration (ICso)
results for studied enzymes were quantified between 0.50-86.97 pg
mL™, and the extract was efficient against HMG_CoA R, a-
glucosidase, and a-amylase enzymes linked to diabetes and
cholesterol. Nine phenolic compounds were identified in the C. cadmea
subsp. pontica extract and the interactions of the most abundant
phenolic compounds with the enzymes were examined with molecular
docking studies. In conclusion, findings amassed from the present
study inclined to support the opinion that C. cadmea subsp. pontica
may be beneficial as an effective herb for formulating novel health-
promoting ingredients.
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Tibbi Acidan Onemli Enzimlere Karg: inhibisyon Yeteneginin Invitro ve Insilico Caligmalarla
Degerlendirilmesi: Endemik Centaurea cadmea subsp. pontica Bitkisinin Fenolik Icerigi

OZET

Centaurea tirleri geleneksel sifali bitki olarak blytiik bir potansiyele
sahiptir. Kiire Dagi'min kayalik yamag¢ yariklarindan toplanan C.
cadmea subsp. pontica Turkiye florasina endemiktir. Bu ¢alismada,
bitkinin farmakolojik 6nemini ortaya koymak i¢in c¢esitli tibbi
enzimleri inhibe etme pontansiyeli, molekiiler yerlestirme ¢alismalari
ile desteklenerek arastirilmigtir. Caligilan enzimler ic¢in yari
maksimum inhibitér konsantrasyon (ICso) sonuclari 0.50-86.97 pg
mL™ arasinda belirlendi. Bitki ekstrakti diyabet ve kolesterol ile
baglantil1 olan HMG_CoA R, a-amilaz ve a -glukosidaz enzimlerine
karsi etki gosterdi. C. cadmea subsp. pontica 6ziitiinde dokuz fenolik
bilesik tanimlandi ve en fazla bulunan fenolik bilesiklerin enzimlerle
etkilesimleri molekiiler yerlestirme c¢alismalar1 ile incelenmistir.
Sonug olarak, mevcut ¢alismadan elde edilen bulgular, bu endemik
bitkinin saghkli yasam kalitesinin gelistirilmesine yo6nelik yeni
bilegsenlerin formile edilmesi igin etkili bir bitki olarak yararh
olabilecegini gostermektedir.
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INTRODUCTION

The genus Centaurea L. belongs to the Asteraceae
family, Turkiye is the major distribution center of the
plants, and it is the third-largest genus in Anatolia.

The taxonomically problematic Centaurea genus is
represented by over 600 species worldwide depending
on the classification used, and there are 218 species in
Turkiye, and the endemism rate of the taxon has
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reached 64 %. Centaurea cadmea subsp. pontica
spreads to Bartin and Zonguldak provinces in the
northern Anatolia region (Tirkiye). The plant is a
chamaephyte that grows in limestone rock cracks and
on rocky slopes far away from brookside. C. cadmea
subsp. pontica was described by Kése et al. (2010) and
considered as the least concern (LC) category.
Flowering in the plant occurs in June-September, and
fruiting occurs in July-September (Kose et al., 2010;
Yaman et al., 2020; Ozbek, 2021; Duman et al., 2021).
Plants belonging to the genus Centaurea were
reportedly used in traditional medicine as herbal
remedies for digestive, antipyretic, antidiarrheal,
expectorant, and tonic effects (Bancheva et al., 2023;
Astari et al., 2014). As a continuation of research on
the genus and secondary metabolites, we have
investigated the phenolic components of the Centaurea
cadmea subsp. pontica collected from its natural
habitat. Since plants contain various phytochemical
ingredients, their effects on enzymes of medical
importance associated with various deficiencies are
being screened.

Chronic and non-communicable diseases, including
cardiovascular, cancer, diabetes, and
neurodegenerative diseases (Alzheimer's), have long-
term adverse effects on public health and cause 63% of
deaths globally. Experimental and epidemiological
studies show that some phytochemical molecules play
an essential role in preventing these diseases. In fact,
enzyme inhibitors are used to treat some diseases such
as hypertension, metabolic disorders,
neurodegenerative diseases, and some cancers
(Goncgalves & Romano 2017). Bioactive molecules bind
to the active site of proteins and function as organic
compounds that decrease the bioactivity of enzymes.
Many drug molecules are used as inhibitors or
activators for enzymes. These compounds affect the
catalysis rate of biochemical reactions leading to
conformational changes on the active surface of the
target protein. Some drugs used today are inhibitors of
enzymes that are associated with regulation in the
ailment process. According to the currently used
therapy, the “inhibition of key enzymes” approach is an
effective way to regulate pathologies. For example,
HMG-CoA reductase and ACE (angiotensin-converting
enzyme) inhibitors regulate cholesterol and blood
pressure levels, respectively. Synthetic inhibitors lead
to the research for novel, safe, and effective
compounds, especially from natural resources, due to
their comparatively low toxicity and side effects.
Investigating the new biologically active agents from
natural sources is one of the study strategies for
medicinal drugs due to the easy accessibility of herbal
phenolic substances (Guerrero et al., 2012; Baskaran
et al., 2015; Zengin et al., 2016; Gongalves & Romano
2018; Yin et al., 2019).
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Phytochemical ingredients of plants vary according to
the natural environment in which they grow, locality,

and altitude. Studies on the Centaurea genus
extensively focused on phytochemical contents,
antidiarrheal, antimicrobial, antioxidant, and

antipyretic activities (Astari, 2013; Grafakou, 2018;
Alper & Giines, 2019; Tugay 2020). Nonetheless,
Centaurea cadmea subsp. pontica has been selected to
reveal its medical importance as no enzyme inhibition
has been performed on this species. As a novelty,
enzyme inhibition, assisted with molecular docking
studies in the broad spectrum, was investigated to gain
further knowledge on the endemic plant.

MATERIALS and METHODS
Plant sample and extraction method

The samples (Centaurea cadmea subsp. pontica) were
collected from the rocky slopes around Ulukaya
waterfall at the foothills of Kiire Mountain in Ulus-
Bartin province, Turkiye, in July 2020. The collected
samples were left to air dry at room conditions. The
voucher  specimen (BofHerb_495) has  been
authenticated by Prof. Z. Kaya and deposited in the
Herbarium of the Department of Forest Engineering,
Faculty of Forestry, Bartin University.

The aerial parts of dried plant samples were grounded
in a mechanic grinder, and the powdered material was
extracted in methanol at ambient conditions. The
admixture was sonicated for 30 min at 37°C and
centrifuged at 4500 x g for 12 min. The upper solvent
of the filtrated extract was evaporated at an ambient
temperature of less than 55 °C. The extract was kept
at -20 °C for biochemical analysis.

Determination of the total phenolic compound (TPC)
and total flavonoid contents (TFC)

The analysis of TPC and TFC in the Centaurea cadmea
subsp. pontica extracts were performed by the Folin-
Ciocalteu reagent and aluminum chloride (AlCIs)
colorimetric method, respectively described by the
earlier studies. The quantities of them were expressed
as mg of gallic acid and quercetin per gram of the
extract (Singleton & Rosi, 1965; Pekal & Pyrzynska,
2014).

Determination of individual phenolic compositions

Phenolic compound profiles of the plant extract were
quantified using a reverse-phase HPLC system
coupled with an SPD-M20A detector and LC 20AT
pump (Shimadzu Scientific Instruments, Japan). The
extract solution (20 uL) was filled to the equipment set
to 1 mL min-! with automatic injection. The mobile
phases, solvent A (methanol) and solvent B (acetic
acid, 2% v/v), were formed, and the elution was given
to the reverse phase C18 analytical column (GL
Sciences, 5 pm, 4.6 mm x 250 mm, and the
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temperature was kept at 25°C. The flow rate was set
to 1 mL min-! for gradient elution. Then, the obtained
chromatographic profiles belonging to the phenolic
compound in the plant extract solutions were defined
and quantified with the accompaniment of the UV
spectra, retention times, and chromatograms with
known standard phenolic compounds. The calculated
results were specified as mg g7 plant extract (Elmastasg
et al., 2017).

Enzymes inhibition studies

The enzyme inhibitory potency of C. cadmea extract
was evaluated using the 96-microwell plate
spectrophotometric method referred to in the following
sentences (Microplate Reader, Thermo Scientific).
AChE and BChE activity were evaluated using the
well-known  Ellman’s spectrophotometric method
(Ellman et al, 1961). The inhibitory assay for
Angiotensin-converting enzyme (ACE) was done in
Tris-HCI buffer (50 mM, pH 7.5) with a referred
research (Hou et al., 2003). The reaction components of
wells contain 10 pL of ACE solution, 10 pL of plant
extracts, and 150 pL of substrate FAPGG solution
(0.88 mM). Captopril was used as a reference
compound, and the reduced absorbance due to
hydrolysis of the FAPGG was read at 340 nm at 37 °C
for 5 min. The a-amylase inhibition method was
achieved using the modified Caraway technique (Yang
et al., 2012). Briefly, 30 uL of phosphate buffer, 20 uL
of extract solution, and a-amylase (30 ul) were
pipetted to wells, and the plate was preincubated for
10 min at 37 °C. After the 50 puL of the starch-substrate
(1 %) was pipetted to the wells, the mixture was
allowed to incubate for ten min at 25°C. Then, the
reaction was aborted by adding 10 ml of 25 pL of 10 %
HCI and was added 100 pl of iodine/potassium iodide
solution. The absorbance of the colored wells d was
recorded at 630 nm. The a-glucosidase inhibitory
assay was done using p-nitrophenyl a-D-
glucopyranoside (2 mM) as substrate (Tao et al., 2013).
In each mixture of the well microplate, 120 pL of
KH2PO4, 10 pL of test solution, and 20 pL of a-
glycosidase were added and incubated for 10 min at 37
°C. After the p-NPG (50 pL) was supplemented to each
well, the absorbance of released p-nitrophenyl was
measured at 405 nm. The inhibitory study of
pancreatic lipase was carried out using substrate
pnitrophenylpalmitate (p-NPP) with cited research
(El-Korany et al., 2020). The wells comprised Tris-HCI
(100 mM, pH 8.2), 20 pL of lipase solution and plant
extract was incubated for 10 min at 37 °C and then the
absorbance of liberated p-NP was monitored at 410
nm. The urease inhibitory property of plant extracts
was determined using the indophenol method to
quantify the amount of ammonia formed due to the
enzymatic reaction (Tkram et al., 2017). In each well,
microplates briefly containing 50 pL of urea prepared
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in KH2PO4 buffer (pH 8.2, 100 mM), 25 uL of jack bean
urease solution, and 20 pL of extract were incubated
for 15 min at 37 °C. Then, then phenol reagent and
alkali reagents were added to react with the released
ammonia. The absorbance of colored complex was read
at 630. For the tyrosinase inhibition assay; substrate
L-DOPA, mushroom tyrosinase in phosphate buffer
(pH 6.8, 100 mM), and plant extract were used
according to the previously described
spectrophotometric method (Masuda et al., 2005). The
increased absorbance of the colored mixture caused by
dopachrome was recorded at 475 nm. For the HMG-
CoA reductase activity assay; an HMG-CoA reductase
assay kit (BioVision Inc., USA) containing HMG-CoA
reductase, NADPH, HMG-CoA, and assay buffer was
used, and the inhibitory ability of the plant extract was
assessed by reading the absorbance at 340 nm. The
inhibitory ability of plant extract was performed using
Clostridium  histolyticum collagenase with a
previously designed method (Thring et al., 2009).
Briefly, collagenase in tricine buffer (pH 7.5) was
incubated with the extract solutions at 25 °C for 15 min
and substrate FALGPA was added to wells. The
reduced absorbance due to hydrolysis of the FALGPA
was read at 340 nm.

Antimicrobial test

The antibacterial and antifungal properties of C.
cadmea subsp. pontica were determined according to
the minimal inhibitory concentration (MIC) test.
Fungal strains (Cancida utilise and Cancida albicans),
Gram-positive (E. faecalis and S. aureus), and Gram-
negative (K. pneumonia and E. coli) were used for this
test. The frozen stock was taken from cells and
inoculated. Cultures were adjusted to 0.5 McFarland
Units, and the extract was added as serial dilutions to
a concentration of 1 mg/mL in a 96-microwell plate.
Microbial cells were incubated at 37°C for 24 hours,
and MIC results were evaluated by reading in the
spectrophotometer.

Computational study

Molecular docking is a widely used in silico method for
learning protein-ligand interactions (Meng et al.,
2012). In this context, to examine in silico enzyme
inhibition ability, molecular docking-based
computations were executed on AChE, ACE, BChE, a-
glycosidase, a-amylase, lipase, collagenase, HMG_CoA
R, urease, and tyrosinase by using Autodock vina 1.2.0
(Troot & Olson, 2010; Meng et al., 2012; Eberhardt et
al., 2021). The chemical structure of the plant
metabolites was retrieved from PubChem. Afterward,
geometry optimization and energy minimization were
performed to utilize Chimera software (Pettersen et
al., 2004). The Auto- DockTools 1.5.7 package (Morris
& Dallakyan, 2013) was utilized to generate entry files
before molecular docking. Protein structures were
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withdrawn from the protein data bank (PDB) and the
structure of ligands (PubChem and Drugbank).
Discovery Studio (DS) 2021 was also used to prepare
the targets for docking studies. Water molecules were
removed using the DS 2021 program, and polar
hydrogen bonds were added to the structure. The grid
of the studied complexes was portrayed with literature
and via the subprotocol of DS 2021. The grid box of size
126 x 126 x126 represents X, Y, and Z coordinates, with
8 comprehensive values and 0.375 A °grid point space.
The results were evaluated with the DS 2021 program,
and images were taken.

RESULTS

Enzyme inhibitory activity of C. cadmea subsp. pontica
extract

In the current study, the inhibitory potential of the
plant extract was screened against ten different
medicinal enzymes to reveal the herbal medicine

potential. The ICso values of the plant extract were
shown in Fig 1 and Table 1. In this current screening
study, the extract has inhibitory potential at different
concentrations and the obtained ICso values were
86.97+1.93 png/mL, 75.60+1.87 pg/mL, 24.67+1.39
pg/mL, 0.509+0.00, 82.48+1.91 pg/mL, 66.20+1.82
pg/mL, 69.15+1.84 pg/ml, 72.05+1.5 ug/ml,
26.66+1.42 png/mL, and 46.02+1.60 pg/mL for AChE,
BChE, ACE, HMG_CoA R, a-glycosidase, a-amylase,

lipase, collagenase, urease, and tyrosinase,
respectively. The same extract was found to be
effective against HMG_CoA R, amylase, and

glycosidase, which is better than the ICso values of the
known standards. When the result of urease was
examined, the extract was obtained from C. cadmea
subsp. ponticawas found to display a remarkable effect
(ICs0: 26.66+1.42, r2: 0.999); it is slightly weaker than
the ICso of the thiourea.

Table 1. ICsovalues of C. cadmea subsp. pontica extract on studied enzymes
Cizelge 1. Calisilan enzimler tizerine C. cadmea subsp. pontica ekstraktinin I1Cso degerleri

Enzymes AChE BChE ACE a-Glucosidase a-Amylase
Values ICso0 r2 ICso r2 ICso r2 ICso r2 ICso r2
Ef;tﬁit'l) 86.97+1.93 0.986 75.60+1.87 0.984 24.67+1.39 0.984 69.15+1.84 0990 82.48+1.91 0.993
(S:grfﬁﬁfs 23.36+1.36 0.985 24.84+1.39 0.992 21.36+1.33 0.988 174.3+2.24 0993 131.2+2.11 0.995
Enzymes HMG_CoA R Collagenase Lipase Tyrosinase Urease
Values ICso0 r2 ICso r2 ICso r2 ICso r2 ICso r2
ﬁ’gﬁgo 0.509+0.00 0.967 72.05+1.5 0.984 66.20+1.82 0.985 46.02+1.60 0.989 26.66+1.42 0.999
(Sigrlfﬁﬁ;is 8.78+0.94 0.997  2.52+0.40 0.998 3554258 0.991  3.49+0.54 0.999 20.36+1.30 0.989

Evaluation of phenolic compounds of methanolic
extracts of C. cadmea subsp. pontica

The quantification of phenolic compositions was
accomplished in the obtained extract of C. cadmea
subsp. pontica and the constituents were given in
Table 2. Chlorogenic acid, gentisic acid, rosmarinic

acid, rutin, cinnamic acid, quercetin, eugenol,
apigenin, and methyl chavicol were identified as the
main  phytochemical compounds. Rutin was

determined as the richest metabolite identified in C.
cadmea subsp. pontica extract, followed by methyl
chavicol, the most abundant metabolite, calculated
their values as 119.49 +£1.02 and 40,83+1.74 pg g7,
respectively. The total phenol and flavonoid amount of
the same extract were 36.93 = 0.51 mg g1 as gallic acid
equivalent (GAE), 11.66 = 0.41 mg g~ as quercetin
equivalents (QE), respectively (Table 3).

Antimicrobial assessment of C. cadmea subsp. pontica
plant extracts

The MIC method was used to assess the antibacterial
and antifungal activity of C. cadmea subsp. pontica
against different bacteria strains such as Enterococcus
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faecalis, Kscherichia coli, Staphylococcus aureus,
Klebsiella pneumonia, and fungal strains Candida
albicans and Candida utilis. As shown in Table 4, the
MIC value of the plant extract ranged from 296.6 +
2.472 to 645 + 2.810 for microorganisms, and the
extract exhibited higher inhibitory potential against £.
coli than other microorganisms.

Molecular docking result of phenolic compounds of C.
cadmea subsp. pontica

In the present work, the enzyme inhibition potency of
three secondary compounds [methyl chavicol (1),
gentisic acid (2), and rutin (3)] most detected in C.
cadmea subsp. pontica, according to the data obtained
from the HPLC study, was assessed with the
assistance of computational methods. Although many
in silico analyses were carried out in the literature, in
this goal was to interrelate attachment points of
substances to enzymes in which the quantity of
secondary metabolites varies according to the plant
species and even where the plant is grown. The three
target enzymes with the best interaction and binding
scores are HMG_CoA R, tyrosinase, and urease.
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Figure 1. ICso graphs for the studied enzymes of the C. cadmea subsp. pontica extracts
Sekil 1. C. cadmea subsp. pontica ekstraktlarinin incelenen enzimler icin 1Cso grafikleri

Table 2. The main constituents of the aerial part
extract of C. cadmea subsp. pontica

Table 3. TPC and TFC in the plant extract
Cizelge 3. Bitki éziitiinde TPC ve TFC

Cizelge 2. C. cadmea subsp. pontz'cg toprak tistii Extracts TPC TFC
oziitiiniin temel bilesenleri (mg g DW) (mg g DW)

Phenolic Retention Amount (pg C. cafimea subsp. 36.93 £ 051 11.66 4 0.41
Compounds time (min) g™ pontica : : : :
Chlo?ogeni(.: acid 11.348 19.06+0.19 Table 4. MIC results for selected bacterial and fungal
Gentisic acid 12.099 26.45+0.21 strains
Rutin 26.691 119.49+1.02 Cizelge 4. Segilen bakteri ve mantar suslari i¢cin MIK
Rosmarinic acid 217.226 16.88+0.18 sonuglari
Cinnamic acid 38.622 16.89+0.17 . . MIC Values of C. cadmea
Quercetin 42.209 10.01+0.61 Microorganisms subsp. pontica (ug mL™)
Apigenin 47.434 22.22+0.23 K. pneumoniae 645 + 2.810
Methyl chavicol 55.471 40.83+1.74 S. aureus 461 + 2.664

E. faecalis 321 + 2.507

C. albicans 347 + 2.541

C. utilis 438 + 2.641
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Compound 3 exhibited the best results against target
enzymes in the molecular insertion study, with a better
binding tendency than control compounds. When the
retrieved compounds’ docking results were examined,
it was concluded that the metabolites of the plant

extract highly interacted with HMG_CoA R,
tyrosinase, and urease, and the detailed interaction
data of the selected compounds were provided in Table
5.

Table 5. The binding scores of the selected compounds (methyl chavicol 1, gentisic acid_2, and rutin_3) with the
target proteins. *The known inhibitory substances are remarked for each target enzyme (BE: Binding

energy).

Cizelge 5. Secili bilesiklerin (metil chavicol 1, gentisik asit 2 ve rutin_3) hedef proteinlere baglanma skorlari.
*Bilinen inhibitor maddeler her bir hedef enzim igin belirtilmistir (BE: Baglanma enerjisi).

AChE BE (kcal/mol) HMG_CoAR BE (kcal/mol)

1 -5.7 1 -6.2

2 -6.0 2 -7.4

3 -8.2 3 -10.3

Tacrine” -7.6 Atorvastatin® -7.7
BChE BE (kcal/mol) a-Amylase BE (kcal/mol)

1 -6.0 1 -4.5

2 6.1 2 -5.8

3 -8.3 3 -8.2

Tacrine” -7.2 Acarbose” -9.9
ACE BE (kcal/mol) Collagenase BE (kcal/mol)

1 -5.2 1 -4.3

2 -5.6 2 -5.2

3 -9.5 3 -84

Captopril® -4.3 EGCG* -7.2
Urease BE (kcal/mol) a-Glucosidase BE (kcal/mol)

1 -5.0 1 -5.2

2 -5.6 2 -6.7

3 -10.2 3 -8.8

Thiourea” -3.5 Acarbose” -9.5
Tyrosinase BE (kcal/mol) Lipase BE (kcal/mol)

1 -5.6 1 4.4

2 -6.3 2 -5.8

3 -9.7 3 9.4

Kojic acid” -5.5 Orlistat” -7.2

Firstly, atorvastatin, the control compound Ser170) and hydrophobic interaction (Argl63 and

atorvastatin for HMG-CoA R, formed a hydrogen bond
with Alal10, and Alal87 residue, hydrophobic
interaction with Lys108, and electrostatic interaction
with Arg187 and Glul109. Compound 3 has a hydrogen
bond (Thr152, Prol48, Glyl49, and Glyl198) and
hydrophobic interaction (Phe236, Pro235, Leu239,
Tyr205, Tyr307, Pro235, and Leu853) with the protein.
Compound 2 has a hydrogen bond (Asn276, Gly198,
and His233) and hydrophobic interaction (Pro235).
Compound 1 showed only hydrophobic interaction
(Pro148, Val196, Tyr307, and Vall96). The
interactions of the selected molecules with the control
substance were shown in Fig. 2.

The control compound of tyrosinase, kojic acid, formed
a hydrogen bond with Thr345 residue, hydrophobic
interaction with Phe355, Ala295, Ala346, Val366 (Fig.
3). Compound 3 has a hydrogen bond (Ser291, Gln294,
Asp344, Thr343, and Lys151) and hydrophobic
interaction (Phe355) with the target enzyme. Second,
compound 2 has a hydrogen bond (GIn37, Lys335, and
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Pro341). Compound 1 has a hydrogen bond (Thr345)
and hydrophobic interaction (Phe355, Ala295, Ala346,
and Val366). These locations are presented in Fig. 3.
Compound 3 displays the best numerical and visual
results in possible complexes with the urease shown in
Fig. 4. When the docking results are evaluated,
compound 3 occurred in a hydrogen bond with Ala440,
Asp633, Ala636, Asp633, and Pi-Sulfur interactions
with His545 and Gly550 amino acid in the binding
surface of the enzyme. Compound 2 has a hydrogen
bond (Ser665, Asn668, Glu303, Asp664, and Asn668).
Compound 1 has a hydrogen bond (The33) and
hydrophobic interaction (Tyr32, Val36, Lys716,
Phe712, and Val744). These situations are shown in
Fig. 4.

DISCUSSION

Humankind has been compelled to use various natural
substances by resorting to nature to manage their
diseases, and the tendency to research the healing
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aspects of medicinal plants has continued since ancient
times. Nature has provided human beings with
various opportunities, and medicinal plants have been
used to cure and alleviate various diseases.

Intercultural medicine essentially includes health
practices, bridging indigenous medicine and modern
medicine, both of which are considered complementary
(Baydoun et al., 2015; Dutta et al., 2021; Tiwana et al.,
in medicinal

2021). Interest plants, including

I
)

—
s b
)1
1
it

Centaurea species having several
ethnopharmacological properties, is reemphasized,
and they are being screened for pharmacological
activities. Although various studies have been carried
out on Centaurea species for their biological effect, the
extract of C. cadmea subsp. pontica has not been
evaluated for its potential to inhibit various enzymes
and its phenolic compound content.

Figure 2. Demonstration of the interaction of methyl chavicol (A), gentisic acid (B), rutin (C), and atorvastatin (D)

with HMG-CoA R, respectively.

Sekil 2. Metil chavicol (A), gentisik asit (B), rutin (C) ve atorvastatinin (D) sirasiyla HMG-CoA R ile etkilesiminin

gosterilmesi

3

i
L&

Figure 3. Demonstration of the interaction of methyl chavicol (A, blue color, stick form), gentisic acid (B, green
color, stick form), rutin (C, purple color, stick form), and kojic acid (D, yellow color, stick form) with
tyrosinase, respectively.

Sekil 3. Metil kavikol (A), gentisik asit (B), rutin (C)
gosterilmesi

ve atorvastatinin (D) sirasiyla tirozinaz ile etkilesiminin

20
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Figure 4. Demonstration of the interaction of methyl chavicol (A, red col
stick form), rutin (C, blue color, stick form), and kojic acid (D, black color, stick form) with urease,
respectively.

Sekil 4. Metil chavicol (A), gentisik asit (B), rutin (C) ve atorvastatinin (D) sirasiyla iireaz ile etkilesiminin
gosterilmesi

In this study, we screened the enzyme inhibition
potency with molecular docking details to advance
novelties related to herbal medicine. The evaluation of
enzyme inhibitors such as plant-derived compounds, is
one of the most important topics in pharmaceutical
areas such as traditional medicine. The plant extract
has lower ICso values than the known standards of
HMG-CoA R, «a-amylase, and a-glucosidase,
respectively. Although the plant extract inhibits
studied enzymes (ACE, AChE, BChE, collagenase,
lipase, tyrosinase), its inhibitory power is lower than
known commercial inhibitors. Also, the obtained ICso
result of the study suggests that the plant extract may
have an alternative potential to thiourea in terms of
inhibiting the urease enzyme. The literature survey
indicated an inadequacy of studies relevant to the
enzyme inhibition effect of C. cadmea subsp. pontica
extracts. In a study of them, Zengin (2016) reported
different solvent extracts of Centaurea species, except
C. cadmea subsp. pontica exhibited inhibitory activity
against AChE, BChE, Try, a-Amyl, and a-Gly at the
concentration of 2 mg/mL. They declared that
inhibition ability changed to solvent types (ethyl
acetate and chloroform) and plant taxa, and %
inhibition value was between 43.94 + 1.51 - 95.69 +
0.06 for BChE, 60.04 + 0.09 - 95.93 + 0.07 for AChE,
0.91+0.08 - 12.54 + 0.08 for Try, 17.53 +£ 0.08 - 59.54 +
0.59 for a-Amyl, and 36.03 + 0.24 - 60.31 + 2.13 for a-
Gly in chloroform extracts (Zengin et al., 2016). When
the present study results are compared with the same
enzymes in the aforementioned study, it is seen that C.
cadmea subsp. pontica extracts have a higher
inhibitory potential. Another study was conducted to
screen for AChE inhibitory potency of Centaurea
plants (C. antalyensei, C. polypodiifolia, and C.
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or, stick form), gentisic acid (B, green color,

pyrrhoblephara) declared that methanol extracts had
better ability against AChE than aqueus extracts at 2
mg mL". Aqueous extracts of C. antalyense and C.
pyrrhoblephara had no activity against AChE. The
same methanolic extract, except for C. pyrrhoblephara,
displayed inhibitory activity between 37.14 + 8.17 -
45.50 + 9.62 % at the concentration of 2 mg mL*
(Aktumsek et al., 2013). In another work, it is stated
that extracts of C. depressa Bieb., C. balsamita Lam.,
and C. Iycopifolia Boiss collected from southeastern
Turkiye did not show any inhibitory activity against
AChE, while different solvent extracts showed
moderate activity against BChE at 200 pg/mL (Boga et
al., 2016). Compared to the aforementioned studies,
the current results show that C. cadmea subsp. pontica
extracts are screened in a broader spectrum and have
higher inhibitory ability. We assumed that the
inhibitory ability of the plant extract could be
connected to plant species and used solvents.

Secondary metabolites, including phenolic compounds,
are thought to be the reason why plants have notable
biological activities such as antioxidant, antimicrobial,
and anti-carcinogenic. Some biological activities of
plants, such as antidiabetic and anti-Alzheimer’s
properties, are linked with the inhibition of enzymes
that play a role in the biochemical metabolic pathways.
Therefore, the phenolic composition in the plant
extract was investigated, as it is important to quantify
their phenolic contents and to evaluate their
contribution to enzyme inhibitory ability. Rutin
(119.49 ug g™ is the most abundant flavonoid among
the 11 metabolites calculated in the plant extract,
while the amounts of chlorogenic acid, gentisic acid,
and rosmarinic acid, cinnamic acid apigenin were
found to be close to each other. TFC and TPC were
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11.66+0.41 mg g~ and 36.93+0.51 mg g~ as QE and
GAE, respectively. Different taxa of Centaurea have
been investigated with respect to phytochemical
ingredients. In one of them, Alper et al. (2021) reported
that 15 phenolic compounds (caffeic acid, chlorogenic
acid, cinnamic acid, p-coumaric acid, epicatechin,
ellagic acid, ferulic acid, gallic acid, naringin,
quercetin, rutin, vanillic acid, 3,4-dihydroxybenzoic
acid, 4-hydroxybenzoic acid) were identified in the
ethanolic extracts of the both Centaurea solstitialis.
They determined the TPC and TFC in the same extract
as 52.31 mg g! GAEs and 30.10 mg g! QEs,
respectively (Alper et al.,, 2021). In the study
investigating the phytochemical ingredients in
Centaurea karduchorum from Eastern Anatolia,
apigenin glucuronide, chlorogenic acid, and luteolin
derivatives were quantified in plant aerial parts by L.C-
MS spectroscopy (Dalar et al., 2015). A study
conducted to the determination of the methanol extract
of C. gigantea declared that chlorogenic acid and
flavonoids (isoorientin, 2-(4-hydroxybenzoyl)-
isoorientin, isoquercitrin, orientin, and cirsiliol studied
with reversed-phase HPLC analysis (Shoeb et al.,
2007). Acet (2021) investigated the phenolic
composition and biological activity of C. triumfetti and
explained caffeic acid, p-coumaric acid, chlorogenic
acid, t-cinnamic acid ferulic acid, and syringic acid as
phenolic components. She also stated that the plant
extracts had a-glucosidase and a-amylase inhibitory
activity, especially in the ethyl acetate extract of the
plant stem (Acet, 2021). In a previous study,
chlorogenic acid, scutellarin, and syringin were
isolated from the aerial parts of Centaurea cadmea,
and the structures of these compounds were elucidated
by spectroscopic methods such as NMR and LC-MS/MS
(Astari et al., 2013). In similar earliear studies,
researchers also investigated the metabolite
components and enzyme inhibitory activities of
Centaurea species (C. Iycopifolia, C. drabifolia, and C.
rupestris). They have specified caffeic acid, apigenin,
chlorogenic acid, luteolin, p-coumaric acid, and
quercetin as plant phenolic ingredients and their
enzyme inhibitory properties on AChE, try, a-amy, and
a-gly (Curkovié-Perica et al., 2014; Zengin et al., 2018).
When compared with the studies exemplified in the
upper lines, it is seen that the plant has some similar
phenolic  substances but  different phenolic
compositions. We could propound that the content and
quantity of metabolites vary according to the plant
type, tissue, extraction method, and analysis
equipment.

The antibacterial activity in the plant extract may be
due to the presence of phenolic and flavonoid contents.
It 1s stated in the literature that various plants,
including Centaurea species, exhibit antibacterial and
antifungal properties in vitro conditions, and this is
related to medicinally important compounds
synthesized by plants. MIC values were found in the
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concentration range of 0.0625 to 8 mg/mL against
bacterial and fungal species in various antimicrobial
studies (Karamenderes et al., 2006; Kose et al., 2016;
Albayrak et al.,, 2017; Sonmez & Cakiloglu, 2020;
Naeim et al., 2020; Reda et al., 2021). It has been
reported that the aerial parts of C. cadmea extracted
in chloroform show strong activity on Enterococcus
faecalis (8 pg/mL) and Bacillus cereus (16 pg/mL)
(Astari et al., 2014). These values in such a wide range
are due to factors such as the plant's collection time,
light exposure time, soil type, the geography where it
grows, and the extraction method of metabolites. These
factors affect the plant’s biological properties, causing
a change in secondary metabolite content. From the
results obtained according to the HPLC analysis of C.
cadmea subsp. pontica, computational chemistry
estimations were done to predict the biological
activities of the main compounds found in the highest
amount in the plant content against target enzymes
and understand the interaction mechanisms.

CONCLUSION

In the treatment of some metabolic diseases, in the
context of inhibition of key enzymes that play an
important role in biochemical reactions, eleven
different medically important enzymes associated with
common diseases in the society were chosen as the
target. In summary, this present study endeavors to
highlight the phenolic contents of C. cadmea subsp.
pontica, which is one of the endemic medicinal
Centaure species in folk medicine in Anatolia. In order
to assert natural sources as a substitute for synthetic
enzyme inhibitor substances used for therapeutic
purposes, the enzyme-inhibiting potentials of these
compounds should be revealed. For this reason,
enzyme inhibition capacity and phenolic components of
C. cadmea subsp. pontica extracts were worked for the
first time in addition to molecular docking details.
Accordingly, among all inhibitory potential of the
extracts, it came to the forefront in terms of higher
inhibitory power against HMG_CoA R, a-glucosidase,
and a-amylase. We suppose that the inhibitory ability
might be linked to its phenolic components, or the
synergic effects supported by molecular docking
studies. Compared to previous studies on Centaurea
taxa, the high bioactivity level of the plant might be
related to the climatic conditions of the plant collected
region. Taken together, in vitro findings emphasize the
importance of C. cadmea subsp. pontica plant.
However, further experimental studies (isolation of
metabolites and in vivo animal studies) could be
planned in the future to better understand the detailed
pharmacological effect in light of present findings.
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