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ABSTRACT

In this study, Eryngium billardieri was collected from Patnos district of Agr1 province during the vegetation period.
While some of the collected plant was stored fresh in a -86°C freezer, the other part was preserved as herbarium
material. After the species of the plant were identified, methanol and pure water extracts were prepared from the
aerial parts of the fresh and herbarium samples. The phenolic contents of the extracts were determined by using
HPLC. Moreover, various in vitro antioxidant properties and DNA protective properties of the relevant extracts
were tested. The comparison of the test results showed that the phenolic compounds of the fresh plant extracts
were more than that of herbarium extracts. Although both extracts showed good antioxidant activities, their activity
was lower than the standart antioxidants. Moreover, herbarium extracts were seen to have a relatively better effect
on the pUC18 DNA stabilization, irrespective of the presence of H2O- in the environment. Having considered that
there is limited number of studies on E.billardieri in the literature, this study will offer important insights into the
studies in this area.
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Bu ¢alismada, Eryngium billardieri (Boga Dikeni) Agr iline bagli Patnos ilgesinden vejetasyon déneminde
toplandi. Toplanan bitkinin bir kism1 -86°C dondurucuda taze olarak depolanirken, diger bir kismi ise herbaryum
materyali halinde saklandi. Tiir tayini yapildiktan sonra bitkinin taze ve herbaryum numunelerinin toprak iistii
kisimlarindan metanol ve saf su ekstraktlar1 hazirlandi. Ekstraktlarin fenolik igerigi HPLC kullanilarak belirlendi.
Ayrica ilgili 6ziitlerin gesitli in vitro antioksidan 6zellikleri ve DNA koruyucu 6zellikleri test edildi. Nihayetinde,
elde edilen sonuglar biribiri ile iligkilendirilmistir. Arastirma sonuglart taze bitki ekstraktlarmin herbaryum
ekstraktlarina gére daha zengin fenolik madde i¢erdigini gosterdi. Her iki ekstre iyi antioksidan aktivite gdsterse
de aktiviteleri standart antioksidanlardan daha diigiiktii. Ayrica herbaryum ekstraktlarinin ortamdaki H,O»
varligindan bagimsiz olarak, pUC18 DNA stabilizasyonu iizerinde nispeten daha olumlu bir etkiye sahip oldugu
goriildii. Literatiirde E.billardieri tizerinde yapilan ¢alisma sayisinin sinirli oldugu g6z 6niine alinirsa, bu ¢aligma
bu konuda yapilacak ¢alismalarda yol gosterici olacaktir.
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INTRODUCTION

Before the discovery of synthetic drugs, almost all civilizations relied on plants to
maintain their health or treat various diseases (Parham et al., 2020; Soumia, 2018). In ancient
times, the plants, particularly beneficial for the body, were used in different forms such as
expressed fruit juice, powder, boiling tea, flavoring various foods, or infusion (Savci, Kocpinar,
Alan, & Kursat, 2020; Soumia, 2018). Although the use of plants has become less attractive
after the synthetic drugs, herbal treatment is still widely used by the society in order to
strengthen the immune system before or after illness (Soumia, 2018). The healing effects of
these plants, which are considered to be pharmacokinetic, are associated with the amount and
richness of antioxidants in their structure (Alan et al., 2019; Kikowska, Dworacka, Ke¢dziora,
& Thiem, 2016). Due to the presence of phenolics and secondary metabolites, plants have
positive effects on neurodegenerative diseases such as Alzheimer’s and Parkinson’s and
common problems such as phlegm, cough, sinusitis, edema, and wound healing (Nebija et al.,
2009; Soumia, 2018). Negative psychological factors (e.g., stress, cigarette smoke, UV light,
and environmental pollution) are known to cause oxidative stress associated with cancer and
neurodegenerative diseases by increasing cellular reactive oxygen species (Budak, Ceylan,
Kocpinar, Gonul, & Erdogan, 2014; Budak, Gonul, Ceylan, & Kocpinar, 2014; Kolag, Giirbiiz,
& Yetis, 2017). It is also reported that plant phenolics, many of which are powerful
antioxidants, play a protective role against many diseases by establishing the reactive oxygen
species (ROS) balance ( Bilal, 2020; Savci, et al., 2020; Soumia, 2018).

Apiaceae is one of the largest and cosmopolitan families of angiosperm plants, and this
family has been used in the form of medicine, food source, spice and animal feed for many
years. 101 of 485 species in the world grow in Turkey, and the endemism rate of this family is
37% (Hanger & Urusak, 2017). Apiaceae family have rich phenolic content, and the members
of this family have been reported to possess positive effects on many diseases and ailments
including edema, cough, bronchitis, skin and respiratory ailments, sinusitis, urinary tract
infections, wound healing, infertility and inflammatory diseases (Kikowska et al., 2016;
Soumia, 2018).

Eryngium genusis is one of the members of the Apiaceae family in Turkey, and it can
grow in Eurasia, North Africa, North and South America and Australia (Kikowska et al., 2016).
Eryngium species are widely used for therapeutic purposes in traditional medicine due to their

bioactive components. The aerial parts and roots of this species are used in the treatment of skin
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and kidney diseases. It is very useful for digestive problems and headaches. Moreover, the
plants of this genus have strong antioxidant, antimicrobial and cytotoxic effects (Ayuso et al.,
2020; Benmerache et al., 2016; Rjeibi, Saad, Ncib, & Souid, 2017).

In this study, methanol and pure water extracts were prepared from aerial parts of
Eryngium billardieri, and their phenolic contents were investigated by HPLC. In addition, in
vitro antioxidant properties and DNA protective properties of the extracts were tested. The
reduction capacities of copper and iron ions were examined by CUPRAC and FRAP methods,
respectively. Moreover, DPPH and ABTS radical scavenging activities and lipid peroxidation
capacities were investigated. The results obtained from these analyses were correlated with each

other.
MATERIAL AND METHOD

Collection of plant and preparation of HPLC samples

Eryngium billardieri were collected from Patnos district of Agri province during the
vegetation period in 2020. A portion of collected plants was converted into herbarium material
with the code A. SAVCI-1 and the other portion was stored freshly in -86°C freezer in Mus
Alparslan University, Center Research and Application Center. 50 g of both were taken and
extracts were prepared by pulverizing with liquid nitrogen. 1 mg/mL fresh extracts were

prepared by diluting main extracts for loading to HPLC (Agilent 1260 Infinity I1).

Phenolic substance analysis by HPLC

Final concentrations of standards were adjusted to 10 mg/mL. 1% acetic acid and
acetonitrile (9:1 ratio respectively) a stock solution was formed by mixing each other and
obtained solution were used in the preparation of standards. Methanol was then dissolved in
this homogeneous mixture at the rate of 1:1. By diluting the prepared solution, intermediate
stock standards were prepared at different concentrations (100 mM, 75 mM, 50 mM, 25 mM
and 10 mM) and these were used in the formation of a standard graph (Seal, 2016). Standard
chromatograms were formed by HPLC to measuring the concentrations of phenolic in the
extracts and standard chromatograms and curves were used to calculate the 17 phenolic
concentrations of the extracts. Prepared extracts were diluted 20 mg/mL and filtered using the
0.45 pm membrane filter. HPLC conditions used for testing are shown in Table 1 and phenolic

concentrations of the extracts were detected as seen in Table 3.
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Table 1. HPLC Operating Conditions And Gradient Elution Program

HPLC operating conditions Gradient elution
Model Agilent Technologies 1260 Infinity |1 Time (min) A (%) B (%)
Colon ACE 5 C18 (250x4.6 mm id) 0 90 10
Kolon Oven G7130A 25 60 40
Detector 1260 DAD WR 39 40 60
Pump 1260 Quat Pump VL 50 10 90
Mobile phase A: %1 Acetic Acid 55 90 10

B: Acetonitrile

Detection 272,280 ve 310 nm
Autosampler 1260 Vialsampler
Flow Rate 1 mL/dk
Colon Temperature 28 °C
Injection 20 pl

Preparation of samples for in vitro antioxidant studies

Both herbarium material and fresh plant were crushed with the help of liquid nitrogen and
incubated in their solvent for 48 hours at room temperature by mixing. The solvents were
evaporated under a suitable vacuum with the help of a rotary evaporator (Heidolph). After
evaporation, the extracts of the samples were prepared at a concentration of 1 mg / mL and

these samples were used in the next levels of the antioxidant assays.

In vitro antioxidant assays
Ferric iron (Fe®") reduction test by FRAP

Total reduction power was determined according to the slightly modified FRAP method
(Oyaizu, 1986). 10, 20 and 30 ul of the stock solutions were taken into test tubes and the volume
was completed to 200 pl with distilled water. Then, 500 pl phosphate buffer (pH: 6.6) and 1%
[K3Fe(CN)es] were added to the test tubes. After 20 minutes of incubation at 50°C, 500 ul
trichloracetic acid (TCA) was added to the mixture. 500 pl was taken from the upper phase of
the solution and 500 ul of distilled water and 100 pul of FeCls were added to them. The
absorbances of the samples were measured at 700 nm by using a microplate reader (Thermo
scientific MULTISCAN GO).

Cupric Cations (Cu?*) Reduction Activity

The Cu*? reduction capacities of the samples were evaluated using the CUPRAC method
which was modified by Gulcin (2006). 250 ul CuCl; was put into the test tubes. 250 ul
neocuprine solution and acetate buffer (pH:6.5) were added to it. Then, different concentrations

(10, 20, 30 pl) of compounds and standard samples were added and incubated for 30 minutes.

784



ISSN: 2147-7892, Cilt 9 Say1 3 (2021) 781-795 doi: 10.33715/inonusaglik.904506
Biological Properties and Phenolic Contents of Extracts Prepared from Eryngium Billardieri F. Dolaroche
Ahmet SAVCI

After the incubation, the absorbance values were measured at 450 nm wavelength using a
microplate reader (Thermo scientific MULTISCAN GO).

DPPH free radical scavenging activity

1,1-Diphenyl-2-picryl-hydrazil (DPPH) radical scavenging method was used for the
antiradical studies. DPPH free radical scavenging method is one of the most commonly used
methods to determine the radical scavenging activities of various factors. The basis of method
of Blois (1958) used in this study is based on the reduction of DPPH (1,1-Diphenyl 2-
picrylhydrazyl) radical dissolved in the alcohol. After transferring from samples in different
concentrations (10, 20, 30 pl) to tubes, the total volume was completed to 600 pl with ethanol.
Then 200 pl DPPH radical solution was added to them. After 30 minutes of incubation, the
absorbances of the samples were measured at 517 nm using a microplate reader (Thermo
scientific MULTISKAN GO). 600 pl ethanol and 200 pul DPPH radical solution were used for
control purposes. The radical scavenging activity of the samples was calculated according to

the following equation:

S ino C itv of DPPH Radi 1(0/)_(1 Absorbanceofsamp1e> 10
cavenging ~apacty o adical ) = Absorbance of control X

ABTS radical scavenging activity

Scavenging activity of ABTS (2,2'-Azino-bis(3-ethylbenzthiazoline-6-sulfonic acid)
radical was determined according to the method of Wu, Chang, Chen, Fan, and Ho (2009).
Firstly, 2.45 mM K>S20g and 7 mM ABTS solutions were incubated by mixing at equal
proportions for 16 hours at room temperature. To obtain desired control absorbance value,
ABTS radical solution was diluted by adding ethyl alcohol. Distilled water and the radical
solution were transferred into each tube at the same portion (500 pl), and 1 mg/mL of extracts
and standards were added at different volumes (10 pL, 20 uL, and 30 pL). After the incubation
for 2 hours at room temperature, absorbance values were recorded against the blank phosphate
buffer (pH: 7.4). Absorbance values of samples were measured at 734 nm using a microplate
reader (Thermo scientific MULTISKAN GO).
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DNA protective activity study

DNA protective activity of samples was evaluated by agarose gel electrophoresis (Siddall
et al., 2002). 200 mg of the main extracts were dissolved in the 1 mL of DMSO and the stock
extract solutions were prepared. Fresh extracts were prepared at 1 mg/mL concentration by
diluting the stock extracts in DMSO. Fresh extracts were mixed with the other electrophoresis
as shown in Table 2 and incubated for 24 hours at 37 °C. DNA protective activities of the
extracts at 1 mg/mL, 0.5 mg/mL, and 0.25 mg/mL concentrations were evaluated. Agarose gel
electrophoresis was operated for 40 volts and 2 hours. The electrophoresis product was stained
with ethidium bromide and visualized using BIORAD ChemiDoc XRS Imaging system.

Table 2. The Amounts And Components Of Samples For Electrophoresis

Eﬁ? H,02 (uL) DMSO (uL) lé’égg‘ecr:t(rﬁig? and PW (uL) Total Volume (uL)
15 - - - 15 30
15 5 - - 10 30
15 5 10 - - 30
15 - 10 - 5 30
15 5 - Sample (0.25 mg/mL) - 30
15 5 - Sample (0.5 mg/mL) - 30
15 5 - Sample (1 mg/mL) - 30
15 - - Sample (0.25 mg/mL) 5 30
15 - - Sample (0.5 mg/mL) 5 30
15 - - Sample (1 mg/mL) 5 30

PW: Pure water

RESULTS AND DISCUSSION

Results of phenolic concentration

The phenolic concentration of the extracts was determined from both materials using
HPLC, and the results are shown in terms of pg/mL (Table 3). HPLC chromatogram results of
the fresh extract are shown in figure 1, and herbarium extract chromatogram results are shown
in figure 2. It can be seen from the table that the fresh extract was found to have the highest
concentration of transcoumaric acid and the lowest amount of quercetin. Similar to the fresh
extract, the herbarium material extract has the highest transcoumaric acid concentration, while
the lowest concentration in this case was the rosmarinic acid. It is also obvious that the phenolic
concentration of the fresh extract is significantly higher than that of the herbarium material
extract. Gallic acid, curcumin, 3,4-Dihydroxybenzoic acid could not be identified in both of

the extracts.
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E. bilardieri species have not been widely studied in the literature, and there is a lack of
information on their phenolic content. Therefore, the results of the current study were compared
with the published data on different Eryngium species. The previous literature showed that
caffeic acid and vanillic acid concentrations were higher in Eryngium maritimum (Rjeibi et al.,
2017), while 3,4-dihydroxyphenylacetic, cafeic, chlorogenic and rosmarinic acid concentration
were much higher in Eryngium alpinum L. (Kikowska et al., 2019). The common feature of the
three Eryngium species was that they have rich phenolic content in all cases. The difference
between the results of these studies may be due to the difference in the extraction method and

the fresh plant extract having more volatile components.

Table 3. The pg/mL Concentrations Of 17 Different Phenolics In The Eb (E. Bilardieri) Extracts

Phenolic name Fresh Eb Extract Herb. Eb Extract
Ascorbic acid 5.309 -
3,4-Dihydroxybenzoic acid 0.000 0.000
4 hydroxybenzoic acid 2.069 1.208
transcoumaric acid 17.225 8.899
Myricetin 1.721 1.830
Abscisic acid 2.075 -
Quercetin 1.584 -
Apigenin 3.413 -
Kaempferol 1.629 -
Catechol 9.329 1.529
Vanillin 3.705 0.000
Curcumin - -
Caffeic acid 1.717 0.000
Cinnamic acid 5.681 3.342
Rosmarinic acid 5.463 0.866
Salicylic acid 4,171 0.000
Gallic acid - -
Total phenolic concentration 65.091 16.808
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Results of in vitro antioxidant activity

In the scope of the antioxidant studies, the antioxidant activities of the extracts were
compared with the standard antioxidants of butylated hydroxyanisole (BHA), butylated
hydroxytoluene (BHT) and ascorbic acid (AA), and the results were expressed as pg TE / ml
extract as shown in Table 4. As seen in the results, it was determined that the metal reduction
capacities of the extracts obtained from fresh and herbarium material were detected to be low
compared to BHA, BHT and AA known as standard antioxidants. The I1Cso value is the
concentration of the sample amount required to convert 50% of the substrate into a product.
ICso values of DPPH and ABTS radical reducing activities were observed to be significantly
higher than those of standard antioxidants. This indicates that the radical scavenging activities
of the extracts are lower than the standards, and the radical scavenging results are consistent
with the heavy metal reduction results. Lipid peroxidation scavenging percentages were shown
to be significantly lower than the standards, and this is consistent with other antioxidant results.
In addition, although the metal reduction capacity of fresh plant methanol extract is higher in
CUPRAC results, other results of CUPRAC and FRAP showed that methanol and water
extracts prepared from herbarium material had better metal scavenging power than fresh plant
extracts. Although a similar effect was observed in the DPPH scavenging capacity of the
methanol extract, 1Cso value of ABTS radical scavenging of methanol extract produced from
fresh plant is lower, and this result is proof that fresh herb is a better ABTS scavenger. Contrary
to the aforementioned results, lipid peroxidation scavenging percentages of water and methanol
extract obtained from the fresh plant were higher than the results of herbarium extracts. This is
a sign that the fresh herb is a good lipid peroxidation scavenger. As a result, fresh plant extracts
were stronger in the lipid peroxidation scavenging, however, herbarium material was found to
be better in other antioxidant results.

Table 4. In vitro Antioxidant Activities Of Fresh And Herbarium Material Of E.Billardieri. FRAP And CUPRAC
Results as ug TE / ml Extract, DPPH And ABTS Results as IC50, And Lipid Peroxidation as %, PW: Pure Water

FRAP CUPRAC DPPH ABTS Lipid
Samples (ug TE/ml (ng TE/ml (I1Cs0) (ICs0) Peroxidation

extract) extract) (%)
Fresh Eb (PW Ext.) 7.30+1.53 0.72+0.01  32.72+0.62 134.83+7.42 25.70+0,19
Fresh Eb (MetOH Ext.) 18.21+£0.89 1.10+0.01  27.08+0.78 20.09+0.25 31.5+0.11
Herbarium Eb (PW Ext.) 11.07+£2.89 0.97+0.02  28.24+1.34  43.11+2.72 22.6+0.09
Herbarium Eb (MetOH Ext.) 30.69+2.13 0.92+0.01  26.78+1.55 44.66+1.83 19.5+0.21
BHA 112.37+0.25 5.47+40.02  14.2440.11 14.38+0.37 55,24+0.09
BHT 86.24+1.66 4.38+0.02  14.91+0.02 14.35+0.23 52,9+0.02
AA 199.54+1.83 2.29+0.23 12.66+£0.06 13.59+0.09 43,6+0.22

790



ISSN: 2147-7892, Cilt 9 Say1 3 (2021) 781-795 doi: 10.33715/inonusaglik.904506
Biological Properties and Phenolic Contents of Extracts Prepared from Eryngium Billardieri F. Dolaroche
Ahmet SAVCI

Biological studies on E.billardieri could not be found in the literature. However, the results of
studies with different species belonging to the genus Eryngium confirm the results of this study.
In a study, it was reported that E. caucasicum methanol extracts exhibited very good DPPH
radical scavenging and ferric ion reducing activity and the activity increased depending on the
concentration increase (Ebrahimzadeh, Nabavi, & Nabavi, 2009). In another study, it was
determined that E. maritimum water extract had low phenolic content and showed strong ABTS
radical scavenging activity (Meot-Duros, Le Floch, & Magné, 2008). According to the results
of the study with Eryngium campestre L., it has been reported that root ethanol extract is very
active in the scavenging of DPPH radicals. In addition, it was observed that ethanol extracts
from roots and aerial parts inhibited hydroxyl radicals by 50% and 45%, respectively, and was
determined that the aerial parts inhibited the lipid peroxides better than root extract (Nebija et
al., 2009). In another study, phenolic and flavonoid contents and in vitro antioxidant activities
of methanol, acetone, butanol and ethyl acetate extracts from E. maritimum root were
investigated and acetone extract was reported to have the highest contents of phenolics and
flavonoids, and butanol extract was detected to show strong radical scavenging and iron
reduction potential (Kholkhal, Ilias, Bekhechi, & Bekkara, 2012). Paun et al. evaluated the
biological activities of Eryngium planum extract enriched with polyphenols obtained by
nanofiltration. In the FRAP results, the iron reducing power of the extract was found to be
higher than AA, while the DPPH radical elimination results were lower than AA (Paun et al.,
2019). Since the plant species used in this study is different from the species used in the previous
study, it was hoped that there might be some differences in biological activity results however,

the results were found to generally support each other.

Results of DNA protective activity

Plasmid DNAs are circular and can contain form | and form Il structures. Form | is more
stable and moves faster than form Il on the agarose gel. However, some molecules such as H20>
can effect negatively and it can destroy form I and form 11 structures or convert form I into form
I1 and form 111 (Zhang et al., 2001). In this study, DNA protective activities of the extracts were
tested on pUC18 DNA. These effects are shown in figure 3 with the help of lines. The loading
components and amounts of the samples are shown in (Table 2). According to this, it is clear
that pUC18 has pure form I and form Il structures (Line 1). It has been shown that H.O> destroys
form I and converts form Il into form 111 (Line 2) and it appears that H.O> and DMSO together
or DMSO only destroy pUC18 DNA (Line 3 and Line 4, respectively). Also, the effects of both
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fresh and herbarium extracts on pUC18 DNA were investigated in the pure environment
(without H20>) and against H20- and a desired significant effect on pUC18 DNA protection
was not observed depending on the concentration of both extracts. It was also observed that
both of extracts did not have a significant effect on pUC18 DNA in the pure environment
(Line 5, 6, and 7) and could not prevent the damage caused by H>O> (Line 8, 9, and 10). A
similar DNA protective effect of the herbarium extract was observed and it can be said that
herbarium extract stabilizes relatively pUC18 DNA compared to the those of fresh extract in
both environments with H.O> and H20- free. This result is consistent with the antioxidant

results largely, but not with the phenolic concentration results.
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Figure 3. DNA Protective Effects of the Extracts Obtained from the Leaves of Fresh and Herbarium Material
Eryingium Billardieri, Herb.: Herbarium and Eb: Eryngium Billardieri, DNA: pUC18, Extract: Pure Water.

There may be various reasons why antioxidant and DNA breakage results do not show
parallelism with HPLC results. Only phenolic content was evaluated by HPLC. However,
different compounds (flavonoid, organic acid, terpenes, etc.) contained in the substance may

cause different results.
CONCLUSION

In this study, methanol and water extracts were prepared from the fresh and herbarium of
the E. billardieri, and the biological activities of both extracts were studied. The results showed

that both extracts showed high antioxidant activity and DNA protective effect. Their phenolic

792



ISSN: 2147-7892, Cilt 9 Say1 3 (2021) 781-795 doi: 10.33715/inonusaglik.904506
Biological Properties and Phenolic Contents of Extracts Prepared from Eryngium Billardieri F. Dolaroche
Ahmet SAVCI

concentration was different from each other. Herbarium extracts exhibited higher antioxidant
activity, while fresh extracts contained higher phenolics. IC50 values of ABTS radical
scavenging activities were found to be considerably higher than the standards. Similarly, 1C50
values of radical scavenging activities in both extracts were significantly higher than the
standards, indicating that the extracts were weak radical scavengers. Unlike the results of heavy
metal elimination and radical scavenging, fresh extracts were observed to be a better lipid
peroxidation scavenger. In addition, herbarium extracts appeared to have a relatively better
effect on the pUC18 DNA stabilization irrespective of the presence of H>O in the environment.
Due to the limited number of studies on E.billardieri species in the literature, the results of this

study will provide significant insights and fill the gaps in this field.
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