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Abstract

The phenolic contents and antioxidant, anticancer, antidiabetic, and anticholinergic
potentials of four endemic Gysophila taxa (G. pallida, G. arrosti, G. tuberculosa, and G.
eriocalyx) were investigated. The HPLC analysis showed that methanol extracts of all
the tested species were richer in phenolics than water extracts. 3,4-dihydroxyben-
zoic acid, p-hydroxybenzoic acid, vanillin, syringic acid, and p-coumaric acid were
detected in all extracts. In parallel to the phenolic contents, methanol extracts dis-
played comparatively higher antioxidant activity than water extracts. Additionally, all
extracts exhibited dose-dependent antiproliferative activity on the cancer cell lines
with lower IC,, values changing from 0.170 to 1.805 mg/ml. Moreover, the extracts
impressively inhibited the acetylcholinesterase (0.63-26.04), butyrylcholinesterase
(3.66-10.73), and a-glycosidase (98.52-235.55) enzymes with very low IC,, (mg/ml)
values. Together, the present results indicate that Gysophila taxa have various biologi-
cal activities together with higher phenolic contents. Hence, these species hold good
potential for use in the pharmaceutical industry.

Practical applications

Gypsophila taxa having numerous biological activities have been used for different
purpose in folk medicine as well as their use in the food industry. The obtained results
of the current study indicated that the extracts of Gypsophila taxa are rich in pheno-
lics and flavonoids with powerful antioxidant and antiproliferative activity against
different type of cancer cell lines. In addition, the extracts obtained from these taxa
showed notable antidiabetic and anticholinergics effects. Gypsophila taxa could be
used as a natural material to develop anticancer, antidiabetic, and anticholinergic

drugs.
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1 | INTRODUCTION

Many health problems and diseases including aging, cancer, and alz-
heimer have been associated with oxidative macromolecule damage
caused by reactive oxygen species (ROS). This pathogenic phenome-
non is known as oxidative stress which is implicated in a wide range
of chronic and acute disease. Plant-based phenolic compounds have
been suggested as a valuable source as antioxidants which are capable
of scavenging ROS or chelating of metals involved in ROS formation
(Ashraf, Sarfraz, & Mahmood, 2017; K&ksal et al., 2017). In addition,
plants with high phenolic compounds have been shown to have a wide
variety of other biological activities such as antibacterial, antiviral, an-
titumor, antidiabetic, and anticancer activity (Altay & Bozoglu, 2017;
Nazia et al., 2016; Wu et al., 2018). Consequently, identification of
the major phenolic compounds in medicinal plants and their biological
action mechanisms has become the topic of many researchers. Their
action mechanism as anticancer agent could be via different pathways
such as promoting cell death, inhibiting cell growth, or suppression
of angiogenesis, all of which are related to the alteration of cellular
pathways (Kunnumakkara, Anand, & Aggarwal, 2008).

As mentioned, endemic medicinal plant species are the focus
of pharmaceutical research since they could be used for the prepa-
ration of raw materials for medicines containing phytochemicals
with biological activity, which might be useful for treating diseases.
Gypsophila is the genus of mostly perennial plants that widely grows
in Asia and Europe. Various Gypsophila taxa have been utilized for
different purpose in folk medicine (Zheleva-Dimitrova et al., 2018).
For example, G. oldhamiana and G. paniculata have been widely used
to lowering fever, treat consumptive disease, malnutrition syndrome,
and diabetes (Chen, Luo, & Kong, 2010). G. elegans was reported to
be used in immune disorders as well as liver diseases (Huang et al.,
2012). Besides biological activities, the extracts from different types
of Gypsophila taxa are widely used to make liqueur, herbal cheese,
ice cream, and some foods (Korkmaz & Ozcelik, 2011). Additionally,
the root extracts of Gypsophila taxa have been commonly used to
present characteristic properties to halva in Turkey. For instance,
the roots of the Gypsophila taxa provide whitening to halva, act as
an emulsifier, improve the textural properties and increase the vol-
ume of the halva (Korkmaz & Ozcelik, 2011). Moreover, root extracts
have been used to provide softness and a desirable texture to the
Turkish delight products (Ozdikicierler, Dirim, & Pazir, 2014).

Different biological activities from different Gypsophila taxa have
been reported. For example, saponarin isolated from G. trichotoma
was shown to have hepatoprotective potential and antioxidant ac-
tivity as well as reducing lipid peroxidation on paracetamol-induced
liver damage in rats (Simeonova et al., 2013). Isoorientin isolated
from G. elegans was shown to have strong anticancer activity against
hepatocarcinoma HepG2 cells (Lin et al., 2016). G. oldhamiana was
also shown to a-glucosidase inhibitory activity.

Butyrylcholinesterase (BChE) has been studied by pharmacologists
due to its responsibility for the hydrolysis of succinylcholine (SCh), a
drug utilized in operation as a short-acting blocker of the acetylcho-

line (ACh) receptor. Some patients experiment prolonged apnea due

to the slow hydrolysis of SCh which can be relevant to genetic al-
teration of the BChE (Gulcin & Taslimi, 2018). The significant role of
Acetylcholinesterase (AChE) enzyme in some tissues, as for instance
the red blood cell membrane, early myotendinous junction, and mi-
grating neuro crest cells, is not explicit. During embryonic extension, a
pattern of succession or organization of AChE and BChE has been re-
ported, leading to the hypothesis that BChE functions as an embryonic
AChE (Dufresne, Dagenais, & Shevell, 2014). Dietary carbohydrates
are absorbed by various types of a-glycosidases such as sucrase, mal-
tase, isomaltase, and glucoamylase present in the intestine. Therefore,
inhibition of these enzymes could be a key role in the management of
diabetes mellitus (DM). The a-glycosidase inhibitors (AGls) are rich in
natural sources including foodstuffs and plants (Zengin et al., 2018).

The present study was performed to determine the phenolic
profile and investigate the antioxidant, antiproliferative, antidi-
abetic, and anticholinergics activities of four endemic Gysophila
species; G. pallida, G. arrosti, G. tuberculosa, and G. eriocalyx, which
could be ethnopharmacological importance. Folin-Ciocalteu and
aluminum chloride colorimetric methods were used to determine
the total phenolic and flavonoid content of the species, respec-
tively. Additionally, Reverse Phase-High Performance Liquide
Chromatography (RP-HPLC) analysis was performed to identify and
quantify the individual phenolic compounds. For antioxidant activi-
ties, four assays were employed; 2,2'-Azino-bis(3-ethylbenzothiazo-
line-6-sulfonic acid) (ABTS), 1,1-diphenyl-2-picrylhydrazyl (DPPH),
Cupric Reducing Antioxidant Capacity (CUPRAC), and Fe?* chelating
tests. Antiproliferative potentials of the species were evaluated by
XTT assay using HepG2, HT-29, and MCF-7 cell lines. Antidiabetic
and anticholinergics activities were evaluated on the inhibition of
AChE, BChE, and a-glycosidase enzymes.

2 | MATERIALS AND METHODS

2.1 | Chemicals

The chemicals, 2,9-dimethyl-1,10-phenanthroline, 2,2'-azino-bis(3-
ethylbenzthiazoline-6-sulfonic acid, 5,5'-dithiobis(2-nitrobenzoic
acid), butyrylcholine iodide, butyrylcholinesterase from equine
serum: 4-nitrophenyl «a-D-glucopyranoside, «-glucosidase from
Saccharomyces cerevisiae; acetylcholinesterase from Electrophorus
electricus; butylated, hydroxyanisole, butylated hydroxytoluene,
1,1-diphenyl-2-picryl-hydrazyl, 3-(2-pyridyl)-5,6-bis (4-phenyl-sul-
fonic acid)-1,2,4-triazine, and « tocopherol were obtained from
Sigma (Sigma-Aldrich, Germany). (2,3-Bis-(2-Methoxy-4-Nitro-5-
Sulfophenyl)-2H-Tetrazolium-5-Carboxanilide) was purchased from
Biological Industries (B, Israil). The other chemicals were purchased
from Sigma-Aldrich and/or Merck.

2.2 | Plant samples

The endemic Gypsophila taxa were obtained from their natural habi-
tats, G. eriocalyx (GE) and G. pallida (GP), were obtained from gypsy
slopes of Kurucay-ilic (Erzincan, Turkey), on 27 June 2017, and
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enumerated as Korkmaz: 4353 and 4354, respectively. G. tuberculosa
(GT) was collected from rocky slopes of Uziimlu (Erzincan, Turkey),
on 27 June 2017, and enumerated as Korkmaz: 4365 and 4362, re-
spectively. G. arrostii var. nebulosa (GA) was collected from field side,
Isparta-Konya Highway, on 14 July 2017, and enumerated as Korkmaz
4349. The voucher specimens were prepared according to the her-
barium techniques and deposited at the herbarium of the Department

of Biology, Erzincan Binali Yildinm University, Erzincan, Turkey.

2.3 | Extract preparation

The aerial parts of the dried plant species were pounded by liquid
nitrogen and then extracted with methanol and water, respectively.
First, obtained powders were mixed with methanol in a ratio of 1:5
(w:v), and exposed to shaking overnight. This process was repeated
3 times and obtained solvents, including phenolic compounds, were
combined. For preparation of water extract, distilled water (1:5 ratio)
was added on the remaining pulp and stirred for 24 hr at room tem-
perature. This step was also repeated 3 times and the solvents were
combined. After that, the combined solvents containing phenolic
substances were filtered through Whatman filter paper (No. 1). The
methanol extract was concentrated by removing methanol with ro-
tary evaporator (Heidolph, Germany). On the other hand, the water
extract was lyophilized using a freeze-dryer (Cool-Safe 55, Lynge,

Denmark). The obtained extracts were stored in brown bottle for use.

2.4 | Total phenolic content

Total phenolic content (TPC) of the plant species was determined
using the method of Singleton and Rossi (1965) with slight modifica-
tions. Accordingly, at a certain concentration of the plant extracts
(20 ul) was added into the 96-well plate including 100 ul of Folin's
reagent (20%). After that, 80 pl of Na,CO, solution (10%) was added
and mixed. After incubation for 30 min at room temperature, the
absorbance values were recorded at 750 nm using Elisa microplate
reader (Epoch, BioTek, USA). Results were reported in terms of gal-
lic acid equivalents (GAE). Each test was performed at least in three

replicates.

2.5 | Total flavonoid content

Total flavonoid content (TFC) of the plant species was determined
by aluminum chloride colorimetric method Chang, Yang, and Wen
(2002) with slight modifications. Accordingly, the plant extracts at
a certain concentration (20 ul) was added into the 96-well plate
containing 6 ul of sodium nitrite (5%). Then, 80 ul of distilled water
was added, and the mixture was incubated for 5 min. After the in-
cubation time, 6 ul of aluminum chloride solution (10%) was added
and incubated further 6 min. After that, 40 ul of sodium hydroxide
(1 M) was added. Finally, the total volume was completed to 200 pl
with distilled water. The changes in the absorbance of the reaction
mixture were monitored at 510 nm by Elisa microplate reader. The
results were represented as quercetin equivalents (QE). Each experi-

ment was performed at least three replicates.
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2.6 | HPLC instrumentation and
chromatographic condition

The certain phenolic compounds presentin the plant extracts were
analyzed by Thermo 3000 HPLC system (Scientific™ Dionex™
UltiMate™, Ulti-Mate 3000), which is equipped with a pump, an
autosampler column compartment, a photodiode array detector
and a software (Chromeleon). The analysis was performed on
an Agilent Zorbax SB-C18 column (250 mm x 4.6 mm x 5 um) at
30°C during the analysis. The wavelength was scanned between
190 and 400 nm for PDA analysis. The flow rate of the HPLC was
1.0 ml/min. The mobile phase started with A (50% methanol: 50%
water) and B (98% water: 2% acetic acid). The gradient elution sys-
tem during the first 57 min, was changed from A:B (92:8) to A:B
(28:72). The solvent ratio was changed back to the initial condi-
tions at final 3 min. Standards of 3,4-dihydroxybenzoic acid, p-hy-
roxybenzoic acid, catechin, vanillin, syringic acid, p-coumaric acid,
rutin, and rosmarinic acid were injected to the system separately
and co-injected with samples (10 ul, 10 mg/ml). The presence or
absence of the phenolics in the plant extracts were confirmed by
comparing the retention time of the standard phenolics and ultra-
violet spectra as well as spiking result analysis. All plant extracts
and standard phenolic compounds were filtered through a 0.45-
pum membrane filter (Millipore, Milford, MA) and 20 pl of sample
was injected into the system. The injections were carried out at

least three replicates.

2.7 | Antioxidant activity

2.71 | DPPH assay

DPPH radical scavenging capacity of the species was evaluated ac-
cording to the method of Blois with some modifications (Blois, 1958).
Briefly, 10 ul of plant extract at various concentrations was mixed
with 140 ul of DPPH solution (0.05 mg/ml) into the 96-well plate
and incubated for 30 min. After the incubation, the decrease in ab-
sorbance of the reaction mixture was monitored spectrophotometri-
cally at 517 using Elisa microplate reader. The antioxidant capacity
of the extracts was represented as 1C,, value which is defined as
the concentrations of the extracts scavenging 50% DPPH radicals.
a-Tocopherol, trolox, BHA, and BHT were used as positive control.

The percent radical scavenging activity was calculated as follow:

RSA (%) = [(Ag—A;) / Ao] x 100.

2.7.2 | ABTS assay

ABTS cation radical scavenging capacity of the species was per-
formed to the method described by (Re et al., 1999). First, ABTS
radical was produced by mixing 2 mM ABTS solution with 2.45 mM
K,S,04 solution for 6 hr. and adjusted the absorbance to 0.75
at 734 nm. Then, 250 pl of ABTS radical solution was added into
the 96-well plate containing 2.5 pl of extract solution at various
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concentrations and the changes in the absorbance of the reaction

mixture was monitored at 734 nm using Elisa microplate reader. The
results were represented as IC,, value (the concentrations of the
plant extracts scavenging 50% ABTS radicals). a-Tocopherol, trolox,
BHA, and BHT were used as positive controls. All measurements
were performed at least three replicates. Radical scavenging activity
was calculated using the following equation:

RSA (%) = [(Ag—A1) / Ag] x 100, where A is the absorbance of

the control reaction and A, is the absorbance of the samples.

2.7.3 | Metal chelating assay

The iron chelating ability of all the plant extracts was estimated by
the method of Dinis (Dinis, Madeira, & Almeida, 1994). Briefly, the
extract solutions at various concentrations (50 pl) were mixed with
5 pl of FeCl, solution (2 mM) into the 96-well plate which contains
185 pl of distilled water. After 5-min incubation, 10 pl of ferrozine
solution (5 mM) was added into each well and incubated further
10 min. The changes in the absorbance of the reaction mixture were
measured at 562 nm. The metal chelating activity results of the plant
extracts were expressed as IC,, value. EDTA was employed as refer-
ence control. All measurements were performed at least three repli-
cates. The percent of bounded ferrous ions was calculated using the
following equation:
Bounded ferrous ions (%)= [(Ay—A;) / Ao] X 100.

2.74 | CUPRAC assay

Cupric ions reducing capacity of the plant species was carried out
according to the method of Apak (Apak, Giicli, Ozyiirek, & Celik,
2008). Briefly, different plant extract solutions at various concen-
trations were added to the reaction tubes containing 125 pl of am-
monium buffer solution (1.0 M), 125 ul of ethanolic neocuproine
solution (7.5 x 1073 M) and 125 pl of CuCl, solution (0.01 M). Finally,
the final volumes were adjusted to 1 ml with distilled water. After
30-minincubation time, the absorbances were monitored at 450 nm.
An increase in absorbance indicates a high reducing capacity. All
measurements were applied at least three replicates. a-Tocopherol,

trolox, BHA, and BHT were used as positive control.

2.8 | Antiproliferative bioassay

2.8.1 | Celllines and culture

HT-29, HepG2, and MCF-7 cell lines were purchased from the ATCC
(American Type Culture Collection, LGC Promochem, UK). HepG2
and MCF-7 cells were cultured in EMEM medium which includes L-
Glutamine and HEPES buffer (25 mM) (BI, USA). HT-29 cells were
grown in McCoy's 5A medium, including L-Glutamine and HEPES
buffer (25 mM). The complete medium was formed by supplemented
with 10% heat-inactivated fetal bovine serum, 1% penicillin-strep-
tomycin and 1% Na-pyruvate (Bl, USA). Incubation of the cell cul-
tures were done at 37°C in incubator an incubator supplied with 5%

CO, and 95% humidity (NUVE, Turkey). The cell culture studies were

maintained in Class Il Safety Cabinet.

2.8.2 | Determination of cell survival by XTT assay

XTT (2,3-bis-(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-
carboxanilide) assay was performed to evaluate the antiproliferative
ability of the plant extracts according to the manufacturer's instruc-
tions. Briefly, 100 ul of the cell suspension (10,000 cells/well) was
added into 96-well culture plates and incubated overnight in a CO,
incubator. The other day, the medium was removed and the cell cul-
ture plate was washed with PBS buffer. After removing the PBS,
100 ul of plant extracts at various concentration (5-1,000 pg/ml)
cells were added into each well and incubated for 48 hr. After the
incubation time, 50 pl of XTT reagent was added and incubated for
5 hr. Then, the cellular metabolic activity was measured at 450 nm
spectrophotometrically by Epoch Microplate Reader (BioTek, USA).
Antiproliferative potential of the plant extracts were represented as
IC,, value which is expressed the concentration of the plant extract
inhibiting 50% cell proliferation. IC,, values were estimated by re-
gression analysis via dose-response curves. All measurements were

performed at least 3 times.

2.9 | Enzymes studies

2.9.1 | AChE/BChE activity assay

The inhibitory action of four Gypsophila taxa on AChE/BChE en-
zymes activities were determined according to the procedure of
Ellman, Courtney, Andres, and Featherstone (1961). In this part,
acetylthiocholine iodide and butyrylthiocholine iodide (AChl/
BChl) were utilized as substrates in both reactions. Briefly, 750 pl
of sample solution at various concentrations was added into test
tubes containing 100 ul of Tris/HCI buffer (1 M, pH 8.0). Then,
50 pl of BChE/AChE (5.32 x 107° U) solution was added into the
test tubes and incubated for 8 min at 20°C. After incubation time,
50 pl of DTNB (0.5 mM) was added to the reaction tubes. The reac-
tion was initiated by adding 50 pl of BChl/AChI. The reduction in
BChl/Achl substrates was monitored at a wavelength of 412 nm,

spectrophotometrically.

2.9.2 | a-Glycosidase activity assay

a-Glycosidase inhibitory activity of the plant extracts was per-
formed according to the method of Tao, Zhang, Cheng, and Wang
(2013). Briefly, the samples (10-100 pl) at various concentrations
prepared in ethanol:water mixture were added into the test tubes
containing 100 pL of phosphate buffer and 20 pl of the enzyme so-
lution (0.15 U/ml, pH 7.4). Then, the mixture was pre-incubated at
35°C for 12 min. After that, 50 pl of p-NPG (5 mM, pH 7.4) was added
into the test tubes and further incubated at 37°C. The changes in ab-

sorbance values were spectrophotometricaly monitored at 405 nm.
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The IC50 values were calculated from percent activity versus sample

concentration plots.

2.10 | Statistical analysis

For statistical analyses of antioxidant and anticancer activity results,
unpaired Student’s t-test was performed using GraphPad Prism 6
(GraphPad, La Jolla, CA) Software 7.0). Statistically significance was
chosen at the p < 0.05 level.

3 | RESULTS AND DISSCUSSION

3.1 | Total phenolic and flavonoid content

In the present study, our first purpose was to determine the total
phenolic and flavonoid contents of four endemic Gypsophila taxa
since it has been well established that there is a strict correlation
between the biological activity potential and phenolic contents of
the medicinal plant extracts.

The obtained data regarding TPC and TFC of both extracts from
four Gypsophila taxa were tabulated in Table 1. It was observed that
TPC and TFC showed significant differences among the species.
Methanol extracts were observed to richer in TPC and TFC than
water extracts in all tested species. G. arrosti indicated the highest
phenolic content in both methanol (188.4 mg GAE/g extract) and
water (139.6 mg GAE/g extract) extracts, whereas G. pallida dis-
played the lowest phenolic content in both extracts (112.06 mg
GAE/g extract for methanol and 104.44 mg GAE/g extract for
water). Total flavonoid content was parallel to the phenolic content
that is the methanol extracts were richer than water extracts except
for G. arrosti. The highest flavonoid content was determined in water
(114.21 mg QE/g extract) and methanol (89.77 mg QE/g extract)
extracts of G. arrosti, while the lowest flavon content was in water
(16.82 mg QE/g extract) and methanol (32.52 mg QE/g extract) ex-
tracts of G. tuberculosa.

TPC and TFC from various Gysophila species were previously
reported (Zheleva-Dimitrova et al., 2018). Accordingly, TPC of G.

TABLE 1 Total phenolic and flavonoid
contents of different extracts from four

Gypsophila taxa Extract Species GAE/g extract) (mg QE/g extract)

Methanol® G. pallida 112.06 + 1.06 B 48.76 +0.85 D°
G. arrosti 188.4+1.02G 89.77 +0.54 F
G. tuberculosa 120.65+0.88C 32.52+045C
G. eriocalyx 143.82+1.05F 5541 +0.64E

Water? G. pallida 104.44 + 0.98 A 25.55+0.45B
G. arrosti 139.63+0.78 E 114.21+1.35G
G. tuberculosa 108.12+1.03 A 16.82+0.97 A
G. eriocalyx 12745 +1.33D 36.15+£046C

*Extract.

bValues followed by different capital letters in the same column differ significantly at p < 0.05.
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glomerata, G. trichotoma, and G. perfoliata were 20.59, 17.07, and
21.60 mg GAE/g extract, respectively, and TFC of the same species
were 33.00, 35.58, and 25.07 mg RE/g extract, respectively. These
results indicate that our investigated four Gypsophila taxa have
higher phenolic composition compared to three other Gypsophila

taxa.

3.2 | HPLC analysis of the solvent extracts

Considering the remarkable effects of phenolic compounds on
human health, many researches have focused on various analytical
techniques to quantify phenolic compounds from different natural
sources. HPLC is a widely used technique to detect phenolic com-
pounds in various types of food and beverages. The phenolic com-
pounds which are quantified in the different extracts of Gypsophila
taxa were shown in Table 2.

As shown in Table 2, all of the extracts were found to include 3,4-
dihydroxybenzoic acid, p-hydroxybenzoic acid, vanillin, syringic acid,
and p-coumaric acid. The other scanned standard phenolics were not
detected in both extracts. The highest phenolic compound detected
in the methanol extracts was 3,4-dihydroxybenzoic acid in the fol-
lowing order: GE (1.15 ug/g extract) > GT (0.71 ug/g extract) > GP
(0.47 pg/g extract) > GA (0.24 pg/g extract). While it was not de-
tected in methanol extract of GA, rutin was the second phenolic com-
pound measured at high level in methanol extracts of GT (0.601 pg/g
extract) > GE (0.416 ug/g extract) > GA (0.361 ug/g extract). p-
Hydroxybenzoic acid detected in methanol extracts except GT was
in the following order: GE (0.06 ug/g extract)> GA (0.006 ug/g ex-
tract) > GP (0.004 ug/g extract). Catechin was detected only in meth-
anol extract of GT (0.542 ug/g extract). Vanillin, except GT was found
in the following order: GE (0.367 pg/g extract)> GA (0.068 pg/g ex-
tract) > GP (0.065 pg/g extract). Syringic acid was measured only
GP (0.111 pg/g extract) and GE (0.490 ug/g extract). Methanol and
water extracts of GE was the only species that contain rosmarinic
acid as 0.293 and 0.436 ug/g extract, respectively. Considering the
water extracts, 3,4-dihydroxybenzoic acid was the phenolic com-
pound detected at the highest level in GP (1.573 pug/g extract) and

Total phenolic content (mg  Total flavonoid content
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Identification and quantification of phenolic compounds from four Gypsophila taxa by RP-HPLC

TABLE 2

Gypsophila taxa

Analytical parameters

MeOH extract (ug/g extract)

Water extract (ng/g extract)

GT GE

GE GP GA

GT

LOD (mg/L) LOQ(mg/L) (mg/L) GP GA

R2

Range (ng/L)

RT (min

Standard phenolics

1.155
0.0621

nd

0.717
nd

0.240
0.0062

0.472
nd

nd
nd
nd
nd

nd
nd
nd
nd

0.426

1.573
0.0186

nd
nd

0.001

0.0003
0.003

0.999

0.125-10

5.60
9.37
11.3

3,4-Dihyroxybenzoic acid

Journal of

Food Biochemistry

0.0042
nd

0.036

nd

0.001

0.999

0.5-10

p-Hyroxybenzoic acid

0.542

nd
nd
nd

0.009

0.003

0.997

1-10
0.1-1
0.1-1

0.050-8

Catechin

0.367

0.0656

nd
nd

0.0687
0.111
nd

nd

0.103
0.170

0.008
0.009
nd

0.002

0.995

23.28
23.97

28.16

Vanillin

0.490
nd

0.0582
nd

0.1502
0.0205
0.393
nd

0.199

0.002

0.996

Syringic acid

0.0490

nd
nd

0.001
0.05

0.004

0.998

p-Coumaric acid

0.601 0.416

nd

0.361
nd

0.4384
0.4360

0.176
nd

0.001

0.5-8 0.997

50.06

Rutin

0.293

nd

0.005

0.001

0.998

5-80

51.88

Rosmarinic acid

Abbreviations: GA, G. arrostii var. nebulosa; GE, G. eriocalyx; GP, G. pallid; GT, G. tuberculosa; LOD, Limit of detection; LOQ, Limit of quantification; nd, Not determined; RT, Retention time.
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GA (0.426 ng/g extract), while not detected in GT and GE. In par-
allel to 3,4-dihydroxybenzoic acid, p-Hydroxybenzoic acid was mea-
sured only in GP (0.018 pg/g extract) and GA (0.036 ug/g extract).
Vanillin was found only in GA (0.103 ug/g extract). Syringic acid was
in the following order: GP (0.199 ng/g extract) > GA (0.170 pg/g ex-
tract) > GT (0.150 pg/g extract)> GE (0.058 pg/g extract). p-Coumaric
acid was detected only in GP (0.049 ug/g extract) and GT (0.020 pg/g
extract). Rutin except GP was measured in the following order: GE
(0.438 ug/g extract)> GT (0.393 ug/g extract) > GA (0.176 ug/g ex-
tract). Considering all standard phenolic compounds in the species,
3,4-dihydroxybenzoic acid comes to the forefront. These results
were supported by our previous study indicating that 3,4-dihydroxy-
benzoic acid was the most found phenolic detected in the extracts
of Gypsophila species changing from 0.41 to 0.72 pg/g extract (Altay,
Degirmenci, Korkmaz, Cankaya, & Koksal, 2018).

It was reported that 3,4-dihydroxybenzoic in diet at very low
level could effectively inhibit the proliferation of many cancer types
including skin (Tseng et al., 1998), colon (Tanaka, Kojima, Suzui, &
Mori, 1993), and pancreatic (Pour, Salmasi, & Runge, 1978). Of
course, connecting the antiproliferative effect of G. eriocalyx to one
single polyphenol could be misleading, since the composition and
synergistic effect of polyphenols found in the whole extract could
be responsible for the observed effect.

Forinstance, apossible synergism was suggested in a study where
chemopreventive potential of EGCG found in green tea was tested
alone as well as in combination with NS398 against three different
prostate cancer cells; LNCaP, PC-3, and CWR22Rv1 (Adhami et al.,
2007). The result showed that the combination of EGCG and NS-398
had more effect on cell growth and apoptosis compared with two
agents alone. In the same study, antiproliferation effect of the com-
bination of green tea polyphenol GTP and celecoxib was compared
with the effects of these compounds alone on CWR22Rn1 tumors
in athymic nude mice in vivo. It was shown that the percent inhibi-
tion of the tumor growth by the combined compounds (81%) much
higher than those of the compounds alone (42 and 57%) (Adhami et
al., 2007). Therefore, combination of polyphenols could synergisti-

cally enhance their biological actions.

3.3 | Antioxidant activity

Phenolic compounds are a group of natural substances synthesized in
plant as a secondary metabolism byproduct. Many studies revealed
that phenolic substances may exhibit different biological actions,
stability, and physiological action depending on different subgroups
and structures. Although most of the evidence for antioxidant
properties of phenolic compounds comes from the in vitro studies,
increasing evidence suggests that they may in ways act beyond anti-
oxidant action. Nonetheless, antioxidant assays are still widely used
tools to assess biological functions of phenolic compounds.

In this study, antioxidant capacity of four endemic Gypsophila
taxa were evaluated by DPPH and ABTS radical scavenging,
CUPRAC, and Fe? chelating assays. The results were summa-
rized in Table 3. In parallel to TPC, the methanol solvent extracts
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TABLE 3 IC,,(ng/ml) values of methanol (MeOH) and water (WT) extracts of four Gypsophila taxa and standard antioxidants

Radical scavenging

Metal chelating

Assays ABTS IC, (ng/ml) DPPH IC,, (ug/ml) Fe?* chelating IC,, (ng/ml)

BHA 15.6 £0.85 8.2+0.52 nt

BHT 7.2+0.56 21.6 £0.12 nt

Trolox 12.4 +£0.52 18.8 £0.75 nt

a-Tocopherol 18.7+0.78 28.4+0.45 nt

EDTA nt nt 34.7 +0,27

Species MeOH WT MeOH WT MeOH WT

G.pallida 974 +1.48B? 198+ 1.7C? 365 +1.7D? 446 £1.75C* 541+3.5C 1,489 + 9.4 B
G.arrosti 59 +1.25A 68+1.2A 281+1.2B 301+1428B 631 +4.2D? 1,030+ 7.8 A
G.tuberculosa 107+1.8C 139+2.5B 337+25C 556 +3.6 D 507 +3.6 B 1510+ 5.7 B
G.eriocalyx 57+1.2A 69.5+1.8A 255+ 1.8A 279 £3.4 A 366+44A 1,224 +48A

Abbreviations: BHA, Butylated Hydroxyanisole; BHT, Butylated hydroxytoluene; EDTA, Ethylenediaminetetraacetic acid; nt, not tested.
#Data marked with different superscripts (A, B, C, and D) within the same column indicate a significant difference statistically (p < 0.05).

showed stronger antioxidant activity than water extracts in all the
assays.

DPPH radical scavenging activity results revealed that G. erioc-
alyx was the most powerful scavenger with its lower IC,, values in
methanol (255 pg/ml) and water (279 pg/ml) extracts, respectively,
while the lowest activity was exhibited by water extract of G. tuber-
culosa with an IC,, value of 556 ug/ml. Nevertheless, all the spe-
cies exhibited moderate DPPH radical scavenging capacity than the
tested standard antioxidants.

The methanol extract of G. arrosti displayed the highest ABTS
cation radical scavenging capacity with an I1C,, value of 59 pug/ml.
The lowest efficiency, but still considerable, was observed in water
extract of G. pallida with 1C,, value of 198 pug/ml. Overall, methanol
extracts of the species indicated better ABTS radical screening ac-
tivity as compared to water extracts. In comparison with the DPPH
method, the species, especially methanol extracts, exhibited closer
activity to standard antioxidant compounds in the ABTS method.

We also examined the metal chelating activity of the species.
As shown in Table 3, the chelating capacities of Fe?* ions increased
in parallel to the concentrations of the plant extracts. The IC,, val-
ues of the extracts were ranged from 366 pg/ml to 631 ug/ml for
methanol solvent extracts and from 1,030 to 1,510 pug/ml for water
solvent extracts. G. eriocalyx exhibited the highest chelating activity,
while G. arrosti showed the lowest activity among the methanol ex-
tracts. As for water extracts, G. arrosti displayed the highest activity
in all species. Nonetheless, metal chelating activity of EDTA was su-
perior to the tested species.

CUPRAC assay is a commonly used antioxidant method for
evaluation of the plant extracts and individual phenolic compounds
(Karaman, Titem, S6zgen Baskan, & Apak, 2010). The advantages of
this assay are to measure thiol-type antioxidants including glutathi-
one. This method depends on the reduction of Cu?*ion to Cu*in the
presence of neocuproine. The higher absorbance is the indication of
better reducing activity. As shown in Figure 1, reducing power of the

0,6
CUPRAC

0,5 x GA —--GP -*-GT
'g A GE —-a-Tocopherol -e-BHA
g 0,4 -=-BHT -&-Trolox
)
N
g 03
5
2 0.2
g ]
2
< 01

MeOH extracts Water extracts Standard Antioxidants

0
5 125 25 50 5 125 25 50 5

Concentration (ug/ml)

12,5 25 50

FIGURE 1 Reducing power of endemic Gypsophila taxa and
standard antioxidants by CUPRAC assay

species were dose-dependent manner and similar to the previous
antioxidant assays that are methanol extracts displayed better-re-
ducing activity than water extracts. Among the methanol extracts,
G.eriocalyx and G.arrosti exhibited the highest and lowest activity at
50 pg/ml with the absorbance values of 0.356 and 0.329, respec-
tively. Moreover, the species showed close activity to the standard
antioxidants at low concentrations. However, the concentration in-
creasing up to 50 pug/ml, our species displayed moderate activity.

Regarding the antioxidant activity of Gysophila species, literature
has limited information. Previously, it was reported that G. trichot-
oma displayed better activity by ABTS and DPPH assays compared
to G. perfoliata. In addition, it was reported that G. pilulifera is capa-
ble of scavenging DPPH radical and verbascoside is the main com-
pound responsible for this action in methanol extract (Chima, Nahar,
Majinda, Celik, & Sarker, 2014).

3.4 | Antiproliferative activity

To evaluate the inhibition potential of the Gypsophila taxa on the
cell viability, XTT tests were carried out. The treatment of the
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Treatment Species HepG2 HT-29
Methanol®  G. pallida 0.513+0.028C°  0.384£0.022C"
G. arrosti 0.423+0.019 B 0.227 +0.031B
G. tuberculosa 0.599 +0.033D 0.661 +0.051 D
G. eriocalyx 0.269 +£0.064 A 0.170 £ 0.056 A
Water? G. pallida 1.502 + 0.056 G 1.148 + 0.074 G
G. arrosti 1.040 +0.096 F 0.839 + 0.046 E
G. tuberculosa 1.805 +0.094 H 0.971+£0.04 F
G. eriocalyx 0.856 +0.12 E 0.644 +0.080 D
5-FU 0.047 +0.002 0.023 +0.006

MCF-7

0.615 +0.045 C°
0.530 +0.029 B
0.379+0.022 A
0.381+0.048 A
1.002 + 0.062 F
0.941 +0.073 E
1.306 + 0.075 G
0.814 + 0.075 D
0.018 + 0.004

TABLE 4 IC,,(mg/ml) values of four
Gypsophila taxa against human-derived

cancer cell lines

Abbreviation: 5-FU, 5-Flourouracil (positive control).
#Extract.

bValues followed by different capital letters in the same column differ significantly at p < 0.05.

cell lines with both extracts from Gypsophila taxa against HepG2,
HT-29, and MCF-7 cell lines has resulted in a notable cell growth
inhibition (Table 4). The antiproliferative activity results of the
species were similar to the antioxidant activity results, that is, the
methanol extracts were more effective than water extracts. As
shown in Table 4, G. eriocalyx was the most effective inhibitor of
cell growth with the lowest IC;, values in both methanol and water
extracts against all three cell lines. Thus, our data suggest that
the Gysophila species, especially methanol extracts, could induce
antiproliferation in HepG2, HT29, and MCF-7 cell lines. On the
other hand, the extracts from the tested Gypsophila taxa showed
moderate antiproliferative activity compared to standard chemo-
therapeutic drug 5-FU. Nevertheless, further studies are needed
to elucidate the exact molecular mechanisms of this activity.
Numerous studies showed that the biological activity of
Gypsohila taxa could be attributed to the presence of triter-
penoids. For instance, saponins which are isolated from Gypsophila
oldhamiana was reported to have inhibitory activity on HT29,
SGC7901, and PLC/PRF/5 cell lines (Bai et al., 2007). Isoorientin
from Gypsophila elegans was shown to have cytotoxic effect on
HepG2 cells through the regulation of cell cycle-related genes
and inducing apoptosis by arresting the cell cycle and increasing
proteolytic activities of caspases. Evaluation of triterpenoid sa-
ponins from Gypsophila arrostii against SW480 cells showed that
it has cytotoxic effect (Arslan, Celik, & Melzig, 2013). Two new
triterpenoids from Gypsophila oldhamiana was reported to have
significant cytotoxicity on H460 tumor cell lines (Xie et al., 2016).
Moreover, two compounds were isolated from Gypsophila trichot-
oma, one of which showed strong cytotoxic effects against seven
human cancer cell lines (Yotova, Krasteva, Jenett-Siems, Zdraveva,
& Nikolov, 2012). A remarkable study showed that cytotoxic ef-
fects and the action mechanism of the root extract of Gypsophila
vary depending on the type of cell lines. For example, the extract
from Gypsophila species preferentially was reported to induce
apoptosis in human hepatoma SMMC-7721 cells through acti-
vating caspase-3 as well as increasing the phosphorylation of the
extracellular signal-regulated kinase and c-Jun N-terminal kinase,

whereas these changes were not observed in hepatic LO2 cell line
(Zhang, Luo, Zhang, & Kong, 2013).

3.5 | Anticholinergics and antidiabetic activities

It has been reported numerous documents about the biological ef-
fects of natural dietary supplements that have been used for treat-
ing Alzheimer disease (AD) and diabetes in traditional medicine.
Inhibition of AChE and BChE enzymes which hydrolysis Ach and
BCh is the most established approach for the treatment AD. AChE
is exists in all excitable cells, while BChE enzyme is present more
commonly in the central neural system, plasma, and liver (Gulgin et
al., 2017).

As shown in Table 5, all of the tested Gypsophila extracts could
efficiently inhibit AChE, BChE, and «-Glycosidase enzymes. 9-
Amino-1,2,3,4-tetrahydroacridine (TAC) compound is known as a
reversible inhibitor for BChE and AChE enzymes as well as the first
drug used as placative treatment in AD. The IC;, values for these
enzymes were obtained in the range 0.63-26.04 pg/ml for AChE,
3.66-10.73 ug/ml for BChE, and 98.52-235.55 ug/ml for a-glycosi-
dase. In addition, Tacrine (TAC) which is used as standard AChE and
BChE inhibitors was found to have IC., values 23.64 pmol/L and
33.74 umol/L, respectively, against these enzymes. The IC,, values
belonging to the extracts and TAC for AChE inhibition was in the
following order: G. tuberculosa (0.63 ug/ml, r%:0.972) (methanol) < G.
tuberculosa (1.23 /ml, r2:0.973) (water) < G. pallida (4.84 pg/ml, r*:
0.963) (methanol) < G. pallida (6.04 pug/ml, r?: 0.988) (water) < G. ar-
rosti (13.70 pg/ml, r%: 0.989) (methanol) < G. arrosti (16.90 pg/ml, r:
0.993) (water) < G. arrosti (25.06 pg/ml, r2: 0.990) (water) < G. erio-
calyx (26.04 pg/ml, r?: 0.930) (methanol) < tacrine (33.74 ug/ml, r:
0.973).

Inhibition of the carbohydrate digestion enzymes such as a-gly-
cosidase and a-amylase can cause to reduction of postprandial blood
glucose level when fed with a high-carbohydrate diet (Wasai et al.,
2018). Therefore, it can be an important strategy for the manage-
ment of postprandial blood glucose level in type 2 DM as well as bor-
derline patients. As shown in Table 5, the tested Gypsophila extracts
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TABLE 5 The enzyme inhibition results

Journal of

Food Biochemistry

ey

of four Gypsohila species against AChE, L ESRE el
BChE, and a-glycosidase enzymes . IC50 2 IC50 2 1Cs0 2
Treatment  Species (ng/ml) r (ng/ml)  r (ng/ml) r
Methanol G. pallida 4.84 0.963 8.03 0.952 135.84 0.983
G. arrosti 13.70 0.989 4.04 0.903 98.52 0.962
G. tuberculosa 0.63 0.972 3.66 0.974 110.21 0.981
G. eriocalyx 26.04 0.930 10.73 0.982 205.88 0.927
Water G. pallida 6.04 0.988 9.42 0.951 184.65 0.946
G. arrosti 16.90 0.993 493 0.910 104.82 0.993
G. tuberculosa 1.23 0.973 4.57 0.942 125.04 0.976
G. eriocalyx 25.06 0.990 10.52 0.976 235.55 0.917
TAC? 33.74 0.973 23.64 0.917 = =
ACR® - - - - 22.8 -

®Tacrine (TAC) was used as positive control for AChE and BChE enzymes and determined as uM

levels.

bAcarbose (ACR) was used as positive control for a-glycosidase enzymes and determined as uM

levels.

could effectively inhibit a-glycosidase enzyme, and the IC,, values of
the Gypsophila taxa and ACR for a-glycosidase enzyme were found in
the following order: acarbose (22.08 nM) < G. arrosti (98.52 ug/ml,
%:0.962) (methanol) < G. arrosti (104.82 pg/ml, r*:0.993) (water) < G.
tuberculosa (110.21 pg/ml, r?: 0.981) (methanol) < G. tuberculosa
(125.04 pg/ml, r?: 0.976) (water) < G. pallida (135.84 nM, r%: 0.983)
(methanol) < G. pallida (184.65 nM, % 0.946) (water) < G. eriocalyx
(205.88 pg/ml, r’: 0.927) (methanol) < G. arrosti (235.55 pg/ml, r?:
0.917) (water).

4 | CONCLUSION

Phenolic compounds are a large group of phytochemicals that are
widely distributed in plant kingdom. Growing interest in these sub-
stances is due to their biological actions in human body, which could
prevent obesity, coronary heart disease, colon cancer, gastrointes-
tinal disorders, and can also reduce the risk of diabetes. Therefore,
numerous plants and different analytical methods have been used
to evaluate potential pharmaceutical value of various sources. This
paper provides information on antioxidant, antiproliferative, anti-
diabetic, and anticholinergics activities as well as phenolic content
found in four endemic Gypsophila taxa. Taken all together, HPLC
data revealed that different extraction solutions altered chroma-
tographic profiles and allowed the identification of different pho-
tochemical from the samples. As for the biological activity section
of this paper, in general, the methanol extracts of four Gypsophila
taxa exhibited higher antioxidant, antiproliferative, antidiabetic, and
anticholinergics activities with lower IC, values compared to the
water extracts. However, the underlying molecular mechanisms of
this activity, especially anticancer mechanism, should be further in-
vestigated in detail. Additionally, inhibition of AChE, BChE can have
a significant role in discovery and drug design as well as in toxicology
and medicine. In this context, these plants may be evaluated for their

antidiabetic and anticholinergic activity potentials.
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