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ORIGINAL ARTICLE

The potential medicinal value of plants from Asteraceae family with
antioxidant defense enzymes as biological targets

Suheda Koc', Belgin S. Isgor?, Yasemin G. Isgor’, Naznoosh Shomali Moghaddam', and Ozlem Yildirim'

"Department of Biology, Faculty of Science, Ankara University, Ankara, Turkey, *Department of Chemical Engineering and Applied Chemistry,
Faculty of Engineering, Atilim University, Ankara, Turkey, and *Department of Medicinal Laboratory Techniques, Vocational School of Health,

Ankara University, Ankara, Turkey

Abstract

Context: Plants and most of the plant-derived compounds have long been known for their
potential pharmaceutical effects. They are well known to play an important role in the
treatment of several diseases from diabetes to various types of cancers. Today most of the
clinically effective pharmaceuticals are developed from plant-derived ancestors in the history of
medicine.

Objective: The aim of this study was to evaluate the free radical scavenging activity and total
phenolic and flavonoid contents of methanol, ethanol, and acetone extracts from flowers and
leaves of Onopordum acanthium L., Carduus acanthoides L., Cirsium arvense (L.) Scop., and
Centaurea solstitialis L., all from the Asteraceae family, for investigating their potential medicinal
values of biological targets that are participating in the antioxidant defense system such as
catalase (CAT), glutathione S-transferase (GST), and glutathione peroxidase (GPx).

Materials and methods: In this study, free radical scavenging activity and total phenolic and
flavonoid contents of the plant samples were assayed by DPPH, Folin—-Ciocalteu, and aluminum
chloride colorimetric methods. Also, the effects of extracts on CAT, GST, and GPx enzyme
activities were investigated.

Results and discussion: The highest phenolic and flavonoid contents were detected in the
acetone extract of C. acanthoides flowers, with 90.305 mg GAE/L and 185.43mg Q/L values,
respectively. The highest DPPH radical scavenging was observed with the methanol leaf
extracts of C. arvense with an ICsy value of 366 ng/mL. The maximum GPx and GST enzyme
inhibition activities were observed with acetone extracts from the flower of C. solstitialis with

Keywords

Antioxidant activity, asteraceae family,
catalase, DPPH assay, glutathione
peroxidase, glutathione S-transferase

History

Received 4 April 2014
Revised 19 June 2014
Accepted 3 July 2014
Published online 22 October 2014

ICso values of 79 and 232 ng/mL, respectively.

Introduction

Plant-derived compounds have played an important role in
treating and preventing human diseases. These are important
sources for new drugs and also good lead compounds suitable
for further modification during drug development to discover
new naturally occurring enzyme inhibitors (Ata et al., 2007).
These enzyme inhibitors may be used as agents to improve
chemotherapy or to treat various diseases. In recent years, the
concern on chemotherapy has been raised mostly about
anticancer drug resistance (Ata et al., 2007; Udenigwe et al.,
2007), considering that the mechanisms of cytosolic enzymes
in drug resistance during the course of cancer and parasitic
disease treatments (Koehn et al., 2005; Nabekura, 2010; Tan
et al., 2011). Different studies have indicated that glutathione
S-transferases (GSTs) play an active role in this process.

Correspondence: Ozlem Yildirim, Department of Biology, Faculty of
Science, Ankara University, 06100 Ankara, Turkey. E-mail: yildirim@
science.ankara.edu.tr

The GSTs (EC; 2.1.5.18) are major phase II detoxification
enzymes and most of the isoenzymes are located in the
cytosol. They catalyze the conjugation of glutathione (GSH)
to a variety of exogenous and endogenous electrophilic
compounds (Sheehan et al., 2001) and serve roles in the
development of drug resistance as an inhibitor of the mitogen-
activated protein (MAP) kinase pathway (Fan et al., 2001;
Potapova et al., 1997; Townsend & Tew, 2003). Glutathione
peroxidase (GPx; EC; 1.11.1.19) is an important enzyme
which functions to protect the cell from oxidative damage by
catalyzing the reduction of hydro peroxides, including
hydrogen peroxide. The balance between activities and the
intracellular levels of antioxidant enzymes are very important
for the survival of organisms and their health. Previous studies
have shown that chemotherapy causes several side effects on
the biological system. During cancer therapy, some che-
motherapeutic agents generate free radicals which cause
apoptosis of target cells, but antioxidant enzymes may
scavenge these radical molecules (Prasad et al., 2002;
Simone et al., 2007) and may reduce the effectiveness of
therapeutic agents. Thus, in this way, the inhibition of
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antioxidant enzymes may improve the treatment of prolifera-
tive diseases.

The Asteraceae is the largest family of flowering plants,
comprising about 1100 genera and 20000 species. Many
members of Asteraceae are shown to have pharmacological
activity which contained important phytochemical com-
pounds such as polyphenols, flavonoids, and diterpenoids
(Ertiirk & Demirbag 2003; Shing et al., 2002). Several studies
demonstrated the antibacterial, antifungal, anti-inflammatory,
insecticide, and antitumor capacities of Asteraceae species.

This paper reports the biological activities of acetone,
ethanol, and methanol extracts of Onopordum acanthium L.,
Carduus acanthoides L., Cirsium arvense (L.) Scop., and
Centaurea solstitialis L. to determine their effects on the GST
and GPx and catalase (CAT) enzyme and free radicals
scavenging activities.

Materials and methods
Chemicals

In this study, 4-aminoantipyrine (4-AP), hydrogen peroxide
(H,0,), and sodium azide (NaN3;) were purchased from
(Acros (Fair Lawn, NIJ), ascorbic acid, 3,5-dichloro-2-
hydroxybenzenesulfonic acid (DHBS), ethylenediaminete-
traacetic acid (EDTA), Folin—Ciocalteu reagent, reduced
glutathione (GSH), glutathione reductase (GR), horseraddish
peroxidase (HRP), CAT, and quercetin hydrate were supplied
from Sigma Aldrich (Hamburg, Germany). Nicotine
amide adenine dinucleotide phosphate reduced (NADPH)
was purchased from Gerbu (Heidelberg, Germany). Also,
1,1-diphenyl-2-picrylhydrazyl (DPPH®) as a free radical form
(90% purity) was obtained from Calbiochem (Darmstadt,
Germany). All other chemicals used were of analytical grade.

Collection and identification of plant material

Plant materials were collected in June-July 2010 from
Kastamonu, Turkey, at their flowering season. The plant
samples were botanically identified by Associate Professor
Dr. Ergin Murat Altuner, in Department of Biology,
Kastamonu University.

Plant extract preparation

Flowers and leaves of each plant were washed with tap water
and stored at —20 °C until they were used. For extraction, the
previously reported procedure was used with some modifica-
tions (Coruh et al., 2007). Basically, the plant samples were
grounded with liquid nitrogen to obtain fine powder of
samples. Then, these samples were extracted with solvent
acetone, ethanol, or methanol for 24 h at 4 °C, with a sample-
to-solvent ratio of 1:10 (w/v). On the following day, the
solvent was evaporated at 40°C until they fully dried, the
obtained product was dissolved in DMSO and kept at dark
(4°C) until they were used.

Determination of total phenolic content

The total phenolic contents of extracts were determined by
employing the Folin—Ciocalteu assay (Slinkard & Singleton,
1977). Each extract solution (0.1 mL) was mixed with 1 mL of
a 2% (w/v) sodium carbonate solution and vortexed strongly.
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After 5min, 1 mL of Folin—Ciocalteu’s reagent (1:10 diluted
with distilled water) was added and vortexed. After incubation
for 1h at room temperature, the absorbance of each mixture
was measured at 750nm. The total phenolic contents of
extracts were calculated using the standard curve of gallic
acid control where this curve was prepared with 0-250 mg/L
of gallic acid (GA) in DMSO. The total polyphenol content
(TPC) of extract was expressed as milligrams of gallic acid
equivalent (GAE)/L of plant extract (mg GAE/L).

Determination of total flavonoid content

The total concentration of flavonoids in extracts was
determined by employing the aluminum chloride colorimetric
method which was previously described (Chang et al., 2002).
Each plant extract (0.5 mL) was separately mixed with 1.5 mL
of 95% ethanol, 0.1 mL of 10% aluminum chloride, 0.1 mL of
1 M sodium acetate, and 2.8 mL of DMSO. It was incubated at
room temperature for 30min and the absorbance was
measured at 415nm. The standard curve was prepared by
quercetin solutions at concentrations 0—100 mg/L. The total
flavonoid content of the extract was expressed milligrams of
quercetin equivalent (QE)/L of plant extract (mg QE/L).

Free radical scavenging activity by DPPH assay

Radical scavenging activity against the stable radical DPPH
was measured using the methods of Sharma and Bhat (2009)
with some modifications and miniaturized for microplate
applications. The antioxidant activities of the plants extracts
were determined on the basis of the radical scavenging effect
of the stable DPPH-free radical. The assay mixture consisted
of 6 uL plant extract solution in different concentrations,
50 uL. DPPH methanol solution (200 uM) and 144 pL. 99%
methanol. After vortexing thoroughly and leaving for 25 min
at room temperature, the absorbance was measured at 517 nm
using a microplate reader spectrophotometer. The final
concentration range of 0.01-3.75pg/mL of ascorbic acid
and quercetin, and 0.01-15pg/mL of gallic acid was
employed as a positive control. The DPPH radical scavenging
activity of each sample was expressed as ICs, value and
calculated from the dose—response inhibition curve.

Isolation of cytosol from bovine liver

The bovine liver was obtained from slaughterhouse of Kazan,
Ankara, Turkey. The liver samples were homogenized in
10mM potassium phosphate buffer (pH 7.0), containing
0.15M KCI, 1 mM EDTA, and 1 mM of DTT, by using a glass
Teflon homogenizer and centrifuged at 10 000x g for 20 min.
The supernatant was filtered through cheesecloth and the
filtrate was centrifuged at 30 000 x g for 60 min. The collected
supernatants were filtered again and the resultant filtrate was
referred as a cytosol (Coruh et al., 2007). The prepared
homogenates, containing 46.41 mg protein/mL, were kept in
an ultralow freezer (—80 °C) until they were used. The total
protein content was determined by the Lowry method (Lowry
et al., 1951).

Inhibition of GST

GST activity was determined against the substrate, 1-chloro-
2,4-dinitrobenzene (CDNB), by monitoring the thioether
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formation at 340nm (Habig et al., 1974). The assay was
miniaturized for microplate applications (Isgor & Isgor,
2012). Briefly described, the assay mixture consisted of
plant extract solution (the final concentration was in the range
of 2-285ng/mL), 100 mM potassium phosphate buffer (pH
6.5) with 2.4 mM CDNB, and 3.2 mM GSH; and bovine liver
cytosolic fractions at a final concentration of 0.982mg
protein/mL were prepared and used as the enzyme source to
measure GST activity. GSH-CDNB conjugate formation was
followed in 250 pL total volume assay by using a multimode
microplate reader at 340nm for 4min. Initial rates of
enzymatic reactions were determined as nanomoles of the
conjugation product of GSH and reported as nmole/min/mg
protein.

Inhibition of GPx

GPx activity was measured by the method of Paglia and
Valentine (1967) with some modifications and miniaturized
for microplate applications (Isgor et al., 2008). The activity of
the enzyme was defined as the amount of enzyme that
converts 1pumol of NADPH per minute in 1mL, and
expressed as U/mg of total protein. The assay mixture
consisted of plant extract solution at a final concentration in
the range of 2-285ng/mL, 0.4 U/mL glutathione reductase,
0.2mM NADPH, 1.6 mM GSH, 0.07 mM H,0,, and 50 mM
Tris-HCl with pH 8.0. The mixture was incubated at
room temperature for 2min. Then, the reaction was
initiated by adding bovine liver cytosolic fractions used as
the GPx enzyme source at a final concentration of 0.982 mg
protein/mL, and the change in absorbance was recorded at
340nm for Smin by using a multimode microplate reader.
Enzymatic reactions were determined as micromoles of the
conversion of NADPH and reported as pmole/min/mg
protein.

Inhibition of CAT

CAT inhibition was determined by monitoring a red
quinoneimine dye remaining hydrogen peroxide (Aebi,
1984; Bai et al., 1999; Fossati et al., 1980). The assay was
miniaturized for microplate application (Isgor et al., 2008)
and contained plant extraction solutions with a final concen-
tration in the range of 2-285 ng/mL, 50 mM phosphate buffer
(pH 7.0), 20U/mL purified bovine liver catalase, and
0.0961 mM H,0,. The reaction was stopped by NaNj and
the mixture was incubated at room temperature for 5min,
followed by the incubation with chromogen at room tempera-
ture for 40 min. Then, the absorbance was read at 520 nm, the
enzyme activity was calculated with respect to hydrogen
peroxide remained which was determined by a calibration
curve constructed in the range of 9.61-307.6 uM hydrogen
peroxide.

Data analysis

The data analysis was applied with the Graphpad Prism 6.0
program (GraphPad Software, San Diego, CA). The kinetic
results were expressed as inhibition of enzyme activity with
respect to control (inhibition as % of control). ICs, values
were obtained from dose-response curves that were
constructed.
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Results

Each extract was prepared by dissolving 2 g of dry samples in
20mL organic solvents (acetone, ethanol, and methanol).
The extraction yields of O. acanthium, C. acanthoides,
C. Arvense, and C. solstitialis were in between 1.89 and
5.42% (Table 1).

Total phenolic contents of extracts were ranging from
8.035 to 90.305 mg GAE/L of plant extract. According to the
results in Table 2, the highest values of total phenolic contents
were found in the acetone extract of the C. acanthoides’s
flower with 90.305mg GAE/L of plant extract. Total
flavonoid contents varied from 18.031 to 185.437 mg QE/L
of plant extract (Table 3). The best flavonoid contents were
achieved by acetone extract of C. acanthoides’s flower with
185.437 mg QE/L of plant extract.

Free radical scavenging activity of extracts was determined
by using the DPPH radical scavenging method and results are
presented as DPPH% radical scavenging activity of different
extracts (ng/mL) according to inhibition curves and ICs
values, the best free radical scavenging activity was obtained
by methanolic leaves extract of C. arvense with 366 ng/mL
1Csq value (Figure 1). ICsq values for ascorbic acid, gallic acid,
and quercetin solutions which were used as a positive control
were 5.144, 0.264, and 1.685 pg/mL, respectively (Figure 2).

Table 1. The percent (%) yield of extraction.

Plants Plant parts EtOH MeOH Acetone
O. acanthium Flowers 1.89 4.92 2.16
Leaves 1.40 4.73 3.85
C. acanthoides Flowers 2.80 5.42 2.44
Leaves 2.44 3.34 1.96
C. arvense Flowers 3.11 3.96 2.44
Leaves 2.13 3.27 1.56
C. solstitialis Flowers 4.20 4.48 2.09
Leaves 2.37 3.17 2.03

Table 2. The total phenolics content of plant extracts (mg GAE/L®).

Plants Plant parts EtOH MeOH Acetone
O. acanthium Flowers 19.71 24.70 13.94
Leaves 26.34 30.47 36.67
C. acanthoides Flowers 74.06 67.02 90.30
Leaves 21.92 23.49 22.14
C. arvense Flowers 20.07 18.86 11.38
Leaves 14.80 8.03 12.45
C. solstitialis Flowers 18.43 39.09 23.77
Leaves 13.66 15.65 26.91

“Milligrams gallic acid equivalent/L of extract.

Table 3. The total flavonoid content of plant extracts (mgQE/L?).

Plants Plant parts EtOH MeOH Acetone
O. acanthium Flowers 30.37 42.09 32.40
Leaves 40.06 53.18 85.37
C. acanthoides Flowers 123.56 82.56 185.43
Leaves 52.87 38.96 66.62
C. arvense Flowers 41.46 18.03 38.65
Leaves 42.40 28.34 56.15
C. solstitialis Flowers 48.34 48.81 58.81
Leaves 49.59 36.93 79.59

*Milligrams quercetin equivalent/L of extract.
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Figure 1. Percent free radical scavenging activity of acetone, ethanol,
and methanol extracts of O. acanthium flowers (ONA-C), methanol
extract of C. arvense leaves (CIA-Y), and acetone extract of
C. solstitialis flowers (CES-C) with ICsq values of 842, 1120, 723,
366, and 334 ng/mL, respectively.
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Figure 2. Percent free radical scavenging activity of ascorbic acid, gallic
acid, and quercetin solutions with ICs, values of 5.144, 0.264, and
1.685 pug/mL, respectively.

In order to calculate the percent inhibition of GST activity
and ICs, values, the final concentration of plant extracts used
in the assay was within the range of 2-285 ng/mL. The best
inhibition was exhibited in the crude acetone extract of
flowers of C. solstitialis with an ICsq value of 232 ng/mL
(Figure 3). The crude extracts were used within the final
concentration of 2-285ng/mL to calculate the percent
inhibition of GPx activity and ICs, values. The acetone
extract of C. solstitialis flowers showed the best GPx
inhibition activity with ICsq values of 79 ng/mL (Figure 4).
In this study, none of the extracts evaluated showed any
reasonable CAT inhibition.

Discussion

In this study, we evaluated the effects of the acetone,
ethanol, and methanol extracts which were prepared from
flowers and leaves of O. acanthium, C. acanthoides,

Asteraceae family with antioxidant defense enzymes 749

140 -o- CES (Acetone)

- CIA (Methanol)
4 ONA (Ethanol)

20
80
70
60
50
40

30

20

) ‘\‘\sg
0

-10 T T T T T

-3.0 3.5 -4.0 4.5 5.0 5.5 -6.0

Log[ Concentration, g/L]

GST Inhibition (Control%)

Figure 3. Percent GST inhibitory activity of acetone extract of
C. solstitialis flowers (CES-C) with ICs( values of 232 ng/mL, methanol
extract of C. arvense leaves (CIA-Y), and ethanol extract of
0. acanthium flowers (ONA-C).
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Figure 4. Percent GPx inhibitory activity of acetone extract of
C. solstitialis flowers (CES-C) with ICs( values of 79 ng/mL, methanol
extract of C. arvense leaves (CIA-Y), and ethanol extract of
O. acanthium flowers (ONA-C).

C. Arvense, and C. solstitialis to determine the free radical
scavenging potential and the effects on GST, GPx and
catalase activities.

Cirsium arvense is a native plant of Europe and Asia.
Phytochemical investigation shows that C. arvense is a good
source of phytochemical compounds, such as polyphenols,
tannins, flavonoids, and their derivatives (Nazaruk et al.,
2008; Norton, 2000). Also, C. arvense juice of the leaves is
used in some parts of the world for wound healing. Nazaruk
(2008) studied the antioxidant activity and total phenolic
contents of extract from leaves of C. arvense and chloroform
(CHCl;), diethyl ether (Et,O), ethyl acetate (EtOAc), and
n-butanol (n-BuOH) fractions which were prepared from the
methanolic extract. The results obtained from the experiments
showed antioxidant activities of Et,O and EtOAc; n-BuOH
fractions were more effective radical scavengers compared
with MeOH extracts. Also, Nazaruk et al. (2008) determined
that the aqueous extract prepared from the leaves of
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C. arvense showed moderately significant antioxidant effect
and total phenolic contents.

Some species of Onopordum are used in traditional
medicine. The fruit of O. tauricum is sold as a spice and
used to treat liver diseases (Ugur et al., 2011). The flowers of
O. acanthium are used as diuretic and antipyretic and the
roots are used as a diuretic and for stomachache (Baytop,
1999). Angelov et al. (2012) reported that ethanolic extracts
of O. acanthium flowers and leaves contained a large amount
of phenolic contents and antioxidant capacity. Sharifi et al.
(2013) isolated a new activity compound [(E)-1-oxo-3,4-
dihydro-1-h-isochromen-7-yl-3 -(3,4-dihydroxyphenyl) acryl-
ate] from O. acanthium methanolic seed extracts. They
demonstrated that this compound produced a high inhibition
activity on the angiotensin-converting enzyme (ACE) and
antioxidant activity.

Centaurea is a medicinal genus herb from Asteraceae
family with 168 species available in Turkey. The aerial parts
of Centaurea species are known for their antidiabetic,
antidiarrhetic, antirhematic, anti-inflammatory, colagog,
digestive stomachic, hypotensive, cytotoxic, and antibacterial
effects (Arif et al., 2004; Kaij-A-Kamb et al., 1992).
Centaurea species also contain secondary metabolites such
as flavonoids, terpenoids, and sesquiterpene lactones (Gurbuz
& Yesilada, 2007; Koca et al., 2009). Centaurea solstitialis
which grows all over Turkey is used for stomach problems,
common colds, herpes infections around lips, and abdominal
pain (Ozcelik et al., 2009). Sen et al. (2013) found that the
methanolic extracts of capitulums and aerial parts of the
C. solstitialis contained a small amount of phenolic contents
but had good effects on the scavenging free radicals. Species
of the genus Carduus are traditionally used as diuretic,
cardiotonic, and antihemorroidal remedies in folk medicine
(Zheleva-Dimitrova et al., 2011).

In this study, we found that flower extracts of
C. acanthoides which were prepared with acetone contained
significant amounts of phenolic and flavonoid contents.
Also, the methanolic extracts of C. arvense leaves
showed high potential of free radical scavenging. Flower
extracts of C. solstitialis which were obtained from acet-
one exhibited a good inhibition effect on GST and GPx
enzymes.

Conclusions

In this research, for the first time, we considered the
biological potential of O. acanthium, C. acanthoides,
C. arvense, and C. solstitialis on the antioxidant defense
system such as GST, GPx, and CAT enzymes. We showed
that the acetone extract of C. solstitialis flowers has
good potential to inhibit GPx and GST enzymes. Also, we
found that the methanolic extract of C. arvense leaves has
high free radical scavenging potential and antioxidant activity.
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