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Abstract

It is known that the active substances present in plants contribute to
many biochemical processes and provide the balance of organisms.
This study aims to determine the antioxidant and antiradical properties
of the methanol extract of Artemisia spicigera (A. spicigera) C. Koch
leaves and to measure the levels of trace elements and vitamins E
and K. Trace element analyses were performed by the Inductively
Coupled Plasma - Optical Emission Spectroscop dry ashing and
vitamin analyses were performed by the High Performance Liquid
Chromatography method. Vitamin C, total phenol and flavonoid
contencts, antioxidant capacity, DPPHe, ABTSe", 0,+,H,0, and OHe
values were determined spectrophotometrically. Total phenolic and
flavonoid contents and antioxidant capacity were determined as 18.45
+ 0.39 mgGA/g, 26.29 + 1.64 mgQE/g and 44.08 + 2.91 mMAA/g,
respectively. Mn, Zn, Cu, a-tocopherol, phylloquinone and ascorbic
acid levels were found as 287.32 + 0.57, 104.36 + 2.12, 37.40 + 0.10,
10.28 + 0.75, 0.149 + 0.047 pmol/kg and 217.36 + 29.20 mg/100g,
respectively. In vitro antioxidant properties determined by DPPHe.,
ABTS.*, H,O, and OHe assays showed maximum inhibitory with
respective IC_| values of 61.83 + 0.68, 71.74 + 0.79, 34.25 + 0.74 and
77.91 + 0.88 pg/mL. The IC,_ values of these assays showed promising
antioxidant power. The results obtained in this study showed that the
plant leaves migth be a potential candidate for in vivo studies to be
evaluated in the future. A. spicigera can be also used as a potential
supplement or in the pharmaceutical industries as a source of natural
antioxidants.

f)zet

Bitki igeriklerinde bulunan aktif maddelerin pek ¢ok biyokimyasal
stiregteki katkilar1 ve canli organizmanin dengesini sagladig
bilinmektedir. Bu ¢alismada, Artemisia spicigera (A. spicigera) C.
Koch yapraginin metanol ekstraktinin antioksidanve antiradikal
ozelliklerinin belirlenmesi ve iz element ile vitamin seviyelerinin
olgiilmesi amaclanmistir. 1z element analizleri Endiiktif Eslestirilmis
Plazma - Optik Emisyon Spektroskopisi kuru kiilleme ile vitamin E
ve K analizleri ise Yiiksek Performansl Sivi Kromatografisi yontemi
ile belirlenmistir. Vitamin C, toplam fenol ve flavonoid igerikleri,
antioksidan kapasite, DPPHe, ABTSe", 0,+, H,0, ve OHe degerleri
spektrofotometrik olarak tespit edilmistir. Toplam fenolik ve flavonoid
igerik ile antioksidan kapasitesi sirasiyla 18,45 + 0,39 mgGA/g, 26,29 +
1,64 mgQE/g ve 44,08 + 2,91 mMAA/g olarak belirlenmistir. Mn, Zn,
Cu, a-tokoferol, filokinon ve askorbik asit diizeyleri sirasiyla 287,32 +
0,57,104,36 £2,12,37,40 + 0,10, 10,28 £ 0,75, 0,149 + 0,047 pmol/kg ve
217,36 + 29,20 mg/100g olarak bulunmugtur. DPPHe, ABTS.*, H,0,
ve OHe deneyleri ile belirlenen in vitro antioksidan 6zelliklerin, ilgili
IC,, degerleri 61,83 + 0,68, 71,74 + 0,79, 34,25 + 0,74 ve 77,91 + 0,88
pg/mL ile maksimum inhibitér gostermistir. Bu testlerin IC, degerleri
imit verici antioksidan gii¢ gostermistir. Bu sonuglar gelecekte
degerlendirilecek in vivo ¢aligmalar igin A. Spicigera yapraginin
potansiyel bir aday olabilecegini kapsamli bir sekilde gostemistir. A.
spicigera ayn1 zamanda potansiyel bir takviye veya dogal antioksidan
kaynag: olarak ilag endiistrisinde de kullanilabilir.
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Introduction

It has long been known that many traditional medicines originate
from plants or plant-based sources. The use of plants as medicine
is as old as human history and forms the basis of modern medicine
(Maridass & De Britto, 2008). According to World Health
Organisation data, 25% of the pharmaceutical drugs used today
are obtained from plants used for medicinal purposes. Plants
produce a large number of secondary metabolites to protect
themselves from external attack. These plant-derived compounds
pose less of a threat to human health, and with each passing day
a new one is being added to the list of plant-derived compounds,
providing an alternative to existing synthetic drugs (Boztas et al.,
2021). Recent studies showed that plant components scavenge
free radicals formed by oxidative stress and give effective results
in the treatment of many diseases occurring in metabolism. It has
also been determined that these plant components have fewer side
effects than existing drugs (Sen et al., 2010; Rolnik & Olas, 2021).

The health of humans and all other organisms is closely
interconnected.  Especially antioxidant-derived components
obtained from plants offer important natural food support for the
protection of health (Giilgin, 2025). It is supported by studies that
these herbal supplements applied after oxidative stress-induced
diseases (including cancer) are effective by interrupting oxidative
chain reactions (Tao et al,. 2020). According to the International
Agency for Research on Cancer, in addition to 9.7 million deaths
from cancer worldwide, there were approximately 20 million new
cancer cases in 2022, and cases are estimated to reach 29.9 million
by 2040. For a long time, studies have been carried out to investigate
plants to treat cancer naturally and these studies are still up to
date (Bajpai et al.,, 2024). Natural components such as phenols,
flavonoids, polysaccharides, which are bioactive components
derived from plants and have antioxidant activity, as well as
vitamins and elements contained in plants, have strong anticancer
effects. Therefore, natural antioxidant drugs obtained from plants
can strengthen specific or non-specific immune function. They can
also inhibit the production of free radicals by directly preventing
cellular tissue damage caused by free radicals (Chank et al., 2020).

The Asteraceae family is widely used in traditional medicine
for therapeutic applications throughout the world due to its
cosmopolitan distribution (Kljucevsek & Kreft, 2025). The
presence of flavonoids in this family is remarkable. Members of
this family show a wide range of anti-inflammatory, anti-microbial,
antioxidant and hepatoprotective activities (Konovalov, 2014).
The currently increasing need for natural medicine resources
has increased scientific interest in the Asteraceae family. Most
members of the family are used in traditional medicine both in
Tiirkiye and around the world due to their essential oil production,
phytochemical properties and biological activities (Petretto et al.,
2013; Rolnik & Olas, 2021). Asteraceae is the richest of flowering
plants in terms of genus and species diversity. In Tiirkiye, 133
genera and 1156 species are known to naturally grow, of which
430 are endemic for the flora of the country. In this respect, the
endemism rate of the Asteraceae in Tiirkiye is as high as 38%.
The genus Artemisia belonging to this family includes perennial

and economically valuable plants distributed over a wide
geographical area, and is represented by 23 species in the flora of
Tiirkiye (Oztiirkmen, 1996).

Some species of the Asteraceae family (e.g. A. annua) have been
reported to be anti-bacterial and anti-malarial effects (Soni et al.,
2024). To treat drug-resistant strains of the genus Plasmodium,
either the drug group artemisinin or plants with fewer side
effects are recommended (Xiao et al., 2016; Soni et al., 2024).
The important phytochemical artemisinin is synthesised in the
leaves and flowers of Artemisia species and is currently used in
the treatment of malaria worldwide (Czechowski et al., 2018). This
compound has been shown to be sensitive on some bacterial species
such as Escherichia coli, Staphylococcus aureus and Streptococcus
faecalis. Many scientists attach importance to the synthesis of this
compound and its derivatives due to increasing drug costs (Peplow,
2018; Ekiert et al., 2022). Artemisia spicigera (A. spicigera) C. Koch
[bozkir yavsani (in Turkish)], the endemic used in the present study,
is distributed in Armenia, Central Anatolia and Iran (Chehregani
etal., 2013). The plant has antiseptic and stomachic properties and
is traditionally recommended in Tiirkiye for the treatment of skin
infections, as well as for skin diseases and ulcerative wounds (Abad
et al., 2012; Ghorbani et al., 2021).

No study has investigated the relationship between A. spicigera
and parameters such as antiradical (DPPH, ABTS*, H,0,, OH
and O,) properties, vitamin (ca-tocopherol, phylloquinone and
ascorbic acid) and trace element status (As, Be, Cd, Cr, Cu, Sr, Pb,
Mo, Li, Mn, Ti, Co, Tl and Zn). However, total phenol, flavonoid
contents and antioxidant capacity levels of A. spicigera and A.
splendens plant species collected from Iran region were determined

(Afshar et al., 2012).

This study aimed to investigate the free radical scavenging activity
of methanol extract of A. spicigera leaves by using DPPHe, ABTSe*,
hydrogen peroxide (H,0,), hydroxyl (OHs) and superoxide
(O,e) antioxidant methods. Total phenol, flavonoid content, total
antioxidant capacity, vitamins C, E, K and trace element values in
dry leaf content were also determined.

Materials and Methods

Plant Materials

The leaves of A. spicigera (Asteraceae) have been collected in
September 2019 in the Saray/Kazligol district of Van city, Tiirkiye
(38°32738.63” N, 44° 12’ 17.90” E, at an altitude 2206 m). A. spicigera
was defined by Prof. Dr. Fevzi Ozgdkge. The sample was deposited in
Van YYU herbarium, Botany Department, VANF16271. The plant
leaf was dried in the shade for a period of two weeks. After drying,
the leaves were ground to a fine powder in a super mixer rotary
stainless grinder (new nova industrial kitchen equipment, model:
Inox SM 108) and stored in coloured glass bottles for analysis.

Leaf Extraction Process

The plant material was pulverized and weighed (20 g), and methanol
(MeOH-80%) was added at room temperature (24°C). The plant-
MeOH mixture (1:20, g/v) was subjected to the extraction process
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for 48 hours to ensure that the pulverized plant dissolves at the
highest rate in methanol. Then the mixture was centrifuged at 4.500
rpm for 15 minutes and filtered with a Whatman grade 1 filter paper.
Methanol in the filtrate was extracted using a rotary evaporator at
45°C under reduced pressure and the filtrate was removed. The
residue remaining in the volumetric flask was lyophilized at -65°C
to ensure that the remaining extract was thoroughly removed. It
was then dissolved in methanol and made ready for studies. All the
steps in the above described procedure were adapted with slight
modifications following the method of Cai et al., (2004).

Determination of Trace Elements

The experimental process for trace element determinations was
carried out according to the study of Zurera et al., (1987). 1000
mg of the plant sample was placed in a porcelain crucible, in
three replicates. 2.1 mL of ethyl alcohol-sulphuric acid solution
was added to the samples. The oven was set at 250°C and kept
at the same temperature for 1 hour. Then the temperature of the
muffle furnace was increased by 50°C every one hour. This process
continued until the temperature of the furnace was 550°C. The
samples were kept overnight at the final temperature. 5 mL of
hydrochloric acid solution was added and made up to 25 mL.The
samples were kept for 5-6 hours and then filtered with filter paper
and made ready for analysis. Elemental analyses were carried out
using the ICP-OES (Thermo iCAP 6300 Due, England) device.

Measurement of Total Phenolic Content

The determination of the total phenol content of the methanol
extract of A. spicigera leaves was performed using the Folin-
Ciocelteu (FCR) indicator (Yi et al., 1997; Gamez-Meza et al.,
1999). 300 pg of 2% sodium carbonate was added to the prepared
samples, then 100 pL of FCR indicator was added and incubated for
2.5 hours at room temperature. The absorbance of the samples was
read against the control sample at 765 nm. A standard curve was
constructed using different concentrations of gallic acid solution.
The total phenol content of the plant was reported in milligrams of
gallic acid equivalent (GAE) per gram of dried extract (mg GAE/g).

Measurement of Total Flavonoid Content

The extract prepared for the determination of the total flavonoid
content of A. spicigera was diluted with methanol and used. 500 pL
of this diluted solution was taken and 100 uL potassium acetate,
100 pyL aluminium nitrate and 4.6 mL ethanol were added and
vortexed. The mixture was kept for 45 min at room temperature.
The absorbance of the samples was read against the control sample
at 415 nm (Lamaison et al., 1990). Flavonoid concentration was
calculated by plotting quercetin and the total flavonoid content of
the samples was reported as quercetin equivalent (mg QE/g).

Measurement of Total Antioxidant Capacity

The measurement of the total antioxidant capacity of A. spicigera
was based on the study of Prieto et al., (1999). The prepared plant
extract was diluted with methanol and 0.2 mL was taken for each
sample. 2 mL of marker solution [0.6 M H SO, + 28 mM Na,HPO,
+ 4 mM (NH,),MoO,)] was added to the samples and kept in a

100°C water bath for 90 min. Samples were read against the control
at the appropriate wavelength. A standard graph was drawn using
ascorbic acid solution and used for total antioxidant capacity
calculation. Total antioxidant capacity is given as mM ascorbic
acid/g.

Scavenging Activity of DPPHe Free Radical

In this method, extracts of different concentrations were placed in
test tubes. 5 mL of DPPH (0.004%) solution was added to 200 pL of
sample and incubated in the dark for 30 minutes. The absorbance
values of the samples were read against the control sample (DPPH)
at 517 nm and recorded. The inhibition percentages of the samples
were calculated by Equation 1. BHT was used as positive control
value. The obtained % inhibition values were plotted against the
concentration. Then, the 50% inhibition values (IC, ) of the plant
extract against DPPHe radical was determined (Cuendet et al,
1997; Chen et al., 2009).

Equation 1

ABlank = ASampl
Inhibition (%) = x s X 100
Blank

Scavenging Activity of Superoxide (O,+") Free Radical

This method is based on measuring the absorbance of NBT at
560 nm with a spectrophotometer (Zhishen et al., 1999). 0.05M
phosphate buffer (pH: 7.8) was prepared. 200 uL riboflavin, 0.2 mL
L-methionine and 0.2 mL NBT were added to the samples. The
samples were kept under fluorescent light for 40 minutes at room
temperature. Absorbance was measured at 560 nm against the
control sample and compared with BHT. The % inhibition values
of the samples were determined using Equation 2.

Equation 2
ABlank - ASample

Inhibition (%) = " X 100
Blank

Hydrogen Peroxide (H,0,) Radical Scavenging Activity

At 230 nm, the absorbance values of the samples were read against
the control sample (Ruch, 1989). 43 mM H,O, solution was
prepared using phosphate buffer (pH: 7.4). Plant samples were
taken at different concentrations. BHT solution was used as the
standard antioxidant substance. The volume of the BHT solution
was completed to 0.4 mL with buffer solution. Then 0.6 mL of H,0,
solution was added and the mixture was kept at room temperature
for 10 minutes. After the waiting time, absorbance values were read
and recorded at 230 nm against the control sample (buffer solution).
Inhibition values were calculated according to Equation 3.
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Equation 3

ABlank = ASampl
Inhibition (%) = x s X 100
Blank

Hydroxyl Radical (OHe.) Scavenging Activity

In this method, OHe radical was formed by EDTA/Fe**/ascorbate/
H,O, system and absorbance was measured at 532 nm with
spectrophotometer by using the competitive reaction property of
deoxyribose (Kunchandy & Rao, 1990).

Stock samples were added to solutions of 2.8 mM deoxyribose,
1 mM FeCl, 1 mM EDTA, 1 mM ascorbic acid and 1 mM H,0,.
20 mM phosphate buffer (pH: 7.4) was prepared. This phosphate
buffer was added to the samples to a final volume of 1 mL. The
samples were kept in an oven at 37°C for 1.5 hour. Then 1000 uL
TBA and 1000 uL TCA were added and vortexed, and the mixture
was kept in an oven at 100°C for 30 minutes. The absorbance values
of the samples were read against the control sample at 532 nm and
recorded. The % inhibition values were plotted and IC, values

were determined. The obtained data were compared with BHT and
inhibition values were calculated according to Equation 4.

Equation 4
ABlank - ASample

Inhibition (%) = " X 100
Blank

Scavenging Activity of ABTSe* Free Radical

The methanol extract of A. spicigera leaves was carried out
according to the method of Pellegrini et al., (1999) with a slight
modification. ABTS ™ radical was prepared in 2.45 mM potassium
persulfate and 2 mM ABTS phosphate buffered solution. These
two solutions were then mixed and kept at room temperature in
darkness for 12-16 hours to form ABTS™ cation radical. ABTS™
cation radical was diluted appropriately and its absorbance at 734
nm was adjusted to 0.70-0.75 and used in the experiment. The
radical was then added to stock solutions prepared at different
concentrations. Activity (%) was calculated using Equation 5. The
plant’s scavenging power against stable free radicals was performed
with a synthetic antioxidant, trolox.

Equation 5
ABlank - ASample

Inhibition (%) = " X 100
Blank

Vitamin C (Ascorbic Acid) Analysis of A. spicigera Extract

In order to determine the vitamin C content of A. spicigera leaves,
vitamin C was measured at 521 nm wavelength using ultraviolet-
visible spectrophotometric method. 500 mg of the plant sample was
taken and placed in plastic tubes. The experiment was performed
in three replicates. 2 mL of HPO, acid and 0.5% oxalic acid were

added to the tubes and centrifuged at 5000 rpm for 5 min. 2 mL
of the filtrate was taken and 0.05 mL thiourea and 0.5 mL 2,4
dinitrophenylhydrazine were added. The samples were then placed
in a 90°C water bath for 6 minutes. Then 2 mL of sulphuric acid
solution was slowly added to the samples placed in an ice bath.
After reaching the appropriate temperature, the samples were
vortexed and their absorbance was measured against the control
sample. The recorded ascorbic acid concentration values were
calculated from the calibration graph (Golubkina et al., 2018).

Vitamin E (a-tokoferol) and K (Phylloquinone) Analysis
of A. spicigera Extract by High Performance Liquid
Chromatography

For phylloquinone and a-tocopherol, a stock solution was
prepared at 500 pg/mL, diluted with methanol as appropriate.
Linear regression analysis of the peak area versus standard solution
concentrations was used to calculate the calibration.

The amount of phylloquinone and a-tocopherol in A. spicigera
leaves was determined according to the method described in the
literature (Sahin et al., 2005; Al-Saleh et al., 2006). For the analysis,
300 mg of the plant was weighed. Hexane-ethanol (50:30) solution
was added and kept overnight. The samples were filtered and taken
into 1 mL tubes (this procedure was repeated three times). 0.01%
BHT was added in each tube, the tubes were vortexed and kept in
the dark for 25 hours. Then they were centrifuged at +4°C and 5000
rpm for 15 min. The supernatant was filtered using a filter paper
and 500 pL n-hexane was added and dried at 37°C under nitrogen
gas. After drying, the residue was dissolved in 500 uL MeOH +
C,H,O (98%) and prepared for analysis.

Phylloquinone and a-tocopherol analyses were performed on
a Gl Science C18 reversed phase HPLC column (250 x 4.6 mm
ID), methanol (80 mL) + tetrahydrofuran (20 mL) mobile phase,
1500 pL/min flow rate at 24°C. HPLC (brand: Agillent, model:
1100) - applications were performed at 248 nm phylloquinone
and 290 nm a-tocopherol in 0.1 mL volumes in dark bottles in
a tray autosampler (-10°C) using a photodiode array detector.
Chromatographic analysis was performed at 40°C by isocratic
elution.

Statistical Analysis

Experiments were performed with three replicates of each
treatment measurements. Means and standard errors of the data
were shown as X + SEM. Group plots were constructed by finding
X + scanning electron microscope. IC, values were determined
using nonlinear regression analysis. The statistical analysis were
performed by the software SPSS v23 (Chicago, USA).

Results

Folin-Ciocalteu reducing capacity [Folin-Ciocalteu Reagent (FCR)
Assay], flavonoid content, total antioxidant capacity, vitamins
and trace elements were evaluated to determine the antioxidant
properties of methanol extract of A. spicigera leaves and results
are shown in Table 1. 1,1-diphenyl-2-picrylhydrazyl (DPPHa)
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radical ~ scavenging, 2,2¢-azinobis-(3-ethylbenzothiazoline-6-
sulphonate) radical (ABTSe*) scavenging, hydrogen peroxide
(H,0,), superoxide radical anion (O,s’), hydroxyl radical (OHs)
scavenging % inhibition and IC, (ug/mL) values compared to the

positive control (BHT and trolox) are presented in Table 2.

Total phenol, flavonoid content and total antioxidant capacity
values of methanol extract of A. spicigera leaves are shown in
Figure 1. The % inhibition and IC, values of A. spicigera against
DPPH., ABTS.", H,0,, OHe and O,s radicals after comparison
with standard antioxidant (BHT and trolox) are shown in Figures
2-6.

The levels of As, Be, Cd, Co, Mo, Pb and Tl and phylloquinone
measured in the dry leaves of A. spicigera are shown in Figure 7,
and of Cu, Mn, Li, Sr, Ti, Zn and Cr, a-tocopherol and ascorbic acid
are shown in Figure 8.

Discussion

If there are too many free radicals in the cell or if the protection
provided by antioxidants is low and inadequate, oxidative stress
develops in a way that can lead to chronic and permanent damage
(Abdollahi et al., 2004). In this case, oxidative stress causes
tissue damage in the cell and as a result, many diseases such as
cardiovascular and diabetes occur (Tao et al., 2020; Block et al.,
2002).

Natural antioxidant compounds have pharmacological potential
as they have little or no side effects. Plants are a source of natural
antioxidants that prevent oxidative stress. The most important
natural antioxidants are flavonoids, tocopherols and phenolic
acids. This is why antioxidant-containing compounds can help
prevent many diseases, especially those associated with ROS
(Kafshboran et al., 2011). The important flavone compound of A.
spicigera species is hispidulin. This compound is known as anti-
cancer (Chaudhry et al. 2024).

a-Tocopherol, phylloquinone and vitamin C contents of A.
spicigera were evaluated. o-tocopherol exhibits significant
antioxidant activity. Considering that A. spicigera has not been
examined in terms of vitamin parameters in any study conducted
to date, these data will make a significant contribution to the
literature. In addition, the FCR assay, flavonoid content and total
antioxidant capacity of the plant leaf were measured (Table 1 and
Figures 1,7, 8).

In this study, the activity of methanolic extracts (40% MeOH-water)
of A. spicigera and A. splendens growing in Iran was investigated
and the total phenolic content of A. spicigera was determined as
33.69 £ 1.49 in mg/100 g, total flavonoid content as 96.41 + 8.74
in mg/100 g, and antioxidant activity (RC, ) as 0.0121 % 0.003 in
mg/L. Kafshboran et al.,, (2011) investigated the radical scavenging
activity of A. spicigera according to its flavonoid content and when
the total phenol and flavonoid contents of A. spicigera plants
collected from different regions were compared, it was found that
A. spicigera plants collected from Sufian regions had higher total
phenol and flavonoid contents. When the results are compared

Table 1. Vitamins E, C and K, and trace element (As, Be, Cd, Cr,
Cu, Sr, Pb, Mo, Li, Mn, Ti, Co, T, Zn) levels, and total phenolic and
flavonoid content, and antioxidant capacity in leaves of Artemisia

spicigera.
Parameters X +SEM
a-tocopherol (umol/kg) (y = + 2.3645

2=
Vitamin € (mg 1000)(y 01268+ | 1028075
0.1267x; r*= 0.9889) 31174.;6+i02094.§0
Phylloquinone (umol/kg) (y =+16.093 | =~ =
101.33x; r*= 0.9783)
Total phenolic content (mg GA/g) 18.45 £ 0.39
Total flavonoid content (mg QE/g) 26.29 + 1.64
Total antioxidant capacity (mM AA/g) | 44.08 +2.91
As (mmol/kg) 1.22 £0.01
Be (mmol/kg) 2.31+0.12
Cd (mmol/kg) 0.47 +0.006
Cr (mmol/kg) 7.66 +0.21
Cu (mmol/kg) 37.40 £0.10
Sr (mmol/kg) 110.40 + 0.66
Pb (mmol/kg) 1.74 £ 0.59
Mo (mmol/kg) 2.18 £0.035
Li (mmol/kg) 155.14 £ 0.49
Mn (mmol/kg) 287.32 + 0.57
Ti (mmol/kg) 54.59 + 0.83
Co (mmol/kg) 0.95 +0.008
Tl (mmol/kg) 0.31 +0.085
Zn (mmol/kg) 104.36 £ 2.12

GA = gallic asid; QE = quercetin; AA = ascorbic acid; SEM = scanning
electron microscopy. Values are expressed as + SEM). All values are mean +
standard deviation of three replicates.

Table 2. Values of % inhibition and IC, (ug/mL) in methanol extract of leaf
of Artemisia spicigera compared with a positive control.

Control | % inhibition (X + SEM) E)CZ:S ;(psl%(/[n)lL)
DPPH. 89.55 £ 0.04 61.83 £0.68

BHT 83.65 £ 0.29 49.58 + 0.54
ABTSe* 90.03 £ 1.85 71.74 £0.79

Trolox 93.71 £ 0.04 26.23 £0.36
H,0, 53.93 £0.22 34.25+0.74

BHT 55.59 £ 0.24 19.92 £ 0.37
OHe 65.79 £0.33 77.91 £ 0.88

BHT 77.12 £ 1.02 103.40 £ 234
O,e 69.88 +£0.43

BHT 63.11 £ 2.88

SEM = scanning electron microscopy.
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Figure 1. Total phenol, flavonoid content and total antioxidant capacity of
A. spicigera.
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Figure 2. % inhibition of DPPHe radical and IC, value for A. spicigera and
standard antioxidant BHT.
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Figure 3. % inhibition of ABTSe"radical and IC_| value for A. spicigera and
standard antioxidant trolox.

as shown in Table 1, it was determined that the folin-ciocolteu
reducing capacity and phenolic content values were lower in our
study, but the total antioxidant capacity was very high (44.08 +£2.91
mM AA/g). The level of active content of each plant may definitely
differ depending on the family it is in, the soil structure where it
grows, its geographical location, and the climate it is in.

The elemental composition of plants is an important quality
parameter that shows the degree of safety of plants and the effect of
mineral content on their biological activity. The elements present
in the structure of the plant are also important as they will affect
the drugs to be obtained from the plant (Golubkina et al., 2018;
Chaachouay & Zidane, 2024).

In our current study, trace elements levels of A. spicigera were
determined and the values found are shown in Table 1 and Figures
7, 8. When the results obtained were compared, it was observed
that there was a degreasing relationship between Mn > Li > Sr > Zn
>Ti>Cu> Cr>Be>Mo >Pb>As > Co > Cd > Tl. Golubkina et
al,, (2018) determined the presence of 26 elements in A. abrotanum,
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Figure 4. % inhibition of H,0, radical and IC, value for A. spicigera and
BHT.

2 190 .

S 1209 @m 9 inhibition
2

8 10s] ™ (Culigla)
o

£ 904

2

§ 75

©

& 60

S 45-

S

e 30

>

E3 -

£ 15

S

S oA

z

Artemisia spicigera BHT

Figure 5. % inhibition of OHe radical and IC, value for A. spicigera and
BHT.
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A. feddei, A. taurica willd, A. dranculucus, A. annua, A. santonica
and A. scoporia by the ICP-MS method. The presence of Al, Cr,
Pb, As and V as heavy metals in A. scoparia and Mn, I, Zn and Cu
in A. annua were determined. In addition, a high Na content was
determined in A. santonica. However, differently, the presence of
trace elements such as Mo, Mn and Co was detected in A. spicigera.

In our study, the anti-radical capacity of A. spicigera was evaluated
by measuring the DPPHe radical scavenging avtivity and the
inhibition percentage and IC, concentration results are given in
Table 2 and Figure 2. The lower the IC_| value, the higher the anti-
radical capacity. IC_ is the concentration of a substance required
to inhibit a specific biological or biochemical function by 50%.
On the other hand, this value gives us an idea of how effective a
substance is at inhibiting a target and also allows us to compare
biological activity between different compounds under the same
conditions (Marinova & Batchvarov, 2011; Gil¢in & Alwasel,
2023). According to our results, the methanolic extract of leaves of
A. spicigera showed significant radical scavenging activity showing
a value close to BHT (IC,, 61.83 ug/mL).
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Figure 6. Values of % inhibition of O,«" radical for A. spicigera and BHT.
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Figure 7. Trace element (As, Be, Cd, Co, Mo, Pb and T1) and phylloquinone
levels in the dry leaves of A. spicigera.

Lee et al,, (2015) conducted a study on the measurement of DPPHe
radical scavenging activity of A. annua, A. feddei, A. apiacea,
A. argyi, A. japonica, A. capillaris, A. gmelinii, A. japonica ssp.
littoricola, A. keiskeana, A. montana, A. indica, A. rubripes, A.
selengensis, A. sieversiana and A. stolonifera. IC, (ug/mL) values for
these species were 190.54 + 2.80, 71.70 £ 4.53, 36.32 £ 4.92, 33.05 £
1.12,46.41 +7.60, 448.15 + 78.48, 71.41 £ 2.90, 59. 27 + 1.51, 74.31
+6.42,18.10 +2.04,60.11 + 4.67, 38.00 + 1.27, 54.25 + 0.96, 336.75
+ 18.34 and 6.64 + 0.34, respectively. When the DPPHe radical
scavenging activity of these species was compared with A. spicigera,
it was observed that A. spicigera showed better radical scavenging
activity than approximately 50% of the plants studied.

Kafshboran etal. (2011) investigated the DPPHe radical scavenging
activity of A. spicigera collected from 5 different regions of East
Azerbaijan. Compared to our study, A. spicigera (IC_ 61.83 + 0.68)
collected from Sufian (ASS, IC,; 32.18), Ahar (ASA, IC, 29.74)
and Khaje (ASK, IC_ 58.93) regions had lower DPPHe radical
scavenging activity than the species collected from Dare-diz (ASD,
IC_,62.94) and Julfa (AS], IC, 64.18) regions. In general, it was
observed that there was a consistent with the plants collected in 3
regions and the region we collected.

In the presence of H,O, and O, radicals OHs radical, which
is highly reactive and harmful among free radicals, is formed
(Tumilaar et al., 2024). The very short half-life of the OHe radical
causes it to react rapidly with some molecules such as sugars,
amino acids, nucleic acids, making this radical dangerous. So
much so that it causes serious damage to proteins, carbohydrates,
DNA and lipids (Sen et al., 2010).

In our study, H,0,, OHe scavenging and O, values in methanol
extract of A. spicigera leaves were determined. High inhibition
percentages and IC, values of H O, and OHe are given in Table
2 and Figures 4 and 5. In addition, the inhibition percentage of
O, radical anion is shown in Figure 6. The results showed that
the H,0, radical scavenging activity of A. spicigera was lower
than that of BHT, while its OHe radical scavenging activity. The
scavenging activity of the plant for O,s" radical was also more
effective compared to BHT.
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25+

Cu Mn Li Sr Ti Zn Cr Ascorbic Acid a-tocopherol

Figure 8. Trace element (Cu, Mn, Li, Sr, Ti, Zn and Cr) levels, ascorbic acid
and a-tocopherol levels in the dry leaf of A. spicigera.
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ABTSe* is not a radical but reacts with potassium persulfate or
sodium persulfate to form ABTSe* radical. This radical is dark
blue/green in colour and is quite stable. Through this radical,
the antioxidant capacity of the solutions can be determined. In
the presence of antioxidant, dark blue/green colour lightening
occurs (Erel, 2004). We investigated the ABTSe* radical scavenging
activity of A. spicigera. The highest inhibition percentage of the
methanol extract was 90.03 + 1.85, while it was 93.71 + 0.04 for
trolox. Fifty per cent inhibition of ABTSe* radical was determined
as 71.74 £ 0.79 ug/mL for A. spicigera and 26.23 + 0.36 pg/mL for
trolox (Table 2 and Figure 3). When the results were examined, it
was determined that the percentage inhibition values of the plant
and trolox were very close to each other and the plant had a radical
scavengingactivity. In the study conducted by Lee et al., (2015)
on the measurement of ABTSe" radical scavenging activity of A.
annua, A. japonica ssp. littoricola, A. apiacea, A. argyi, A. capillaris,
A. feddei, A. gmelinii, A. japonica, A. keiskeana, A. montana, A.
indica, A. rubripes, A. selengensis, A. sieversiana and A. stolonifera
were determined as 74.46 + 1.12, 38.27 + 1.93, 19.22 + 0.37, 11.93
+0.62,115.80 +3.61, 46.59 + 4.21, 60.34 + 2.84, 28.55 + 1.30, 44.99
+1.58,12.75 +0.26, 35.86 + 2.60, 29.82 + 0.21, 27.50 + 2.25, 232.39
+ 12.22 and 15.39 + 0.24, respectively. When the studies were
compared, it was observed that the ABTSe* radical scavenging
activity of A. spicigera plant used in the study showed lower radical
scavenging activity compared to other plant species.

Conclusion

The results obtained showed that the vitamin, total phenol,
flavonoid and antioxidant capacity levels and trace element ratios
of A. spicigera were at a significant level. The methanol extract of
A. spicigera leaves showed a better antioxidant power compared
to the synthetic antioxidant of OHe and O, radicals. In the same
way, it was observed that the plant extract had scavenging effects
on DPPHe and ABTSe" radicals, but lower than the synthetic
antioxidants used for comparison. The fact that A. spicigera is used
as a spice in food and also as a natural remedy for many diseases
develops the idea that this plant has antioxidant properties, and
the data obtained here are in parallel with this idea. This plant can
be also used as a potential supplement or in the pharmaceutical
industries as a source of natural antioxidants.
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