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ARTICLE HISTORY Abstract: Species from the Asteraceae family have been extensively utilized in
Received: traditional medicine and as food sources for centuries. They also exhibit important
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biological activities attributed to their diverse array of phytochemical compounds.
Accepted: Sep. 15,2024 Thjs research aimed to determine total phenolic and flavonoid contents of ethanol
(EtOH) and methanol (MeOH) extracts of endemic Helichrysum artvinense and to
KEYWORDS reveal its antioxidant, antimicrobial enzyme inhibitory (a-glucosidase, a-amylase,
. . . and tyrosinase) and DNA protective activities. In addition, phenolic compound
Biological activity, analyses were conducted using high-performance liquid chromatography (HPLC),
Helichrysum artvinense, establishing a correlation with the aforementioned biological activities. Based on
HPLC the obtained data, the ethanol (EtOH) extract of the plant demonstrated greater
prominence in terms of the screened biological activities. This extract was found
to contain significant phenolic components, including epicatechin, chlorogenic
acid, and luteolin. Consequently, it appears that the plant has the potential to serve
as a natural alternative in both food and pharmacological applications. However,
further studies to elucidate the mechanisms underlying the observed biological
activities would be beneficial for the product development phase.

DNA protective activity

1. INTRODUCTION

The rapidly changing living conditions of today have introduced various stressors, leading to
an increased incidence of numerous diseases (Pakpour et al., 2021). Various stress-induced
reactive oxygen species (ROS) disrupt cellular homeostasis in living organisms (Anwar et al.,
2022). The increase of ROS leads to various metabolic diseases such as cancer (with DNA
damage), diabetes, aging, inflammation and neurodegenerative diseases (Maritim et al., 2003;
Tsao & Deng, 2004; Tepe et al., 2005; Lee et al., 2010; Fu et al., 2011). Therefore, it is crucial
to remove these reactive oxygen species (ROS) by natural means. Plants can accomplish this
with bioactive compounds (Ebrahimzadeh & Tavassoli, 2015). Plants have already been used
throughout history to alleviate or prevent many diseases and have become part of traditional
medicine worldwide (Nebrigi¢ et al., 2023). Although the use of synthetic drugs has increased
in the modern age, people still prefer natural herbal products to treat diseases due to the negative
effects they cause (Goncalves et al., 2017; Zengin et al., 2018). In fact, studies have shown that
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polyphenols of plants have many biological activities and antioxidant properties (Annadurai et
al., 2021; Birsan et al., 2021).

During this period of pronounced global climate change, increased exposure to ultraviolet (UV)
rays from the sun can result in advanced pigmentation in humans, leading to serious skin
problems (aging, cancer, etc.) (Sheng et al., 2022). UV radiation can stimulate the activity of
tyrosinase, leading to an overproduction of melanin in the skin. While it normally helps
conserve the skin from UV, excessive melanin synthesis can result in hyperpigmentation, age
spots, inflammation, and even skin cancer (Brenner & Hearing, 2008; Pillaiyar et al., 2017).
To prevent these problems, it is vital to develop new and effective tyrosinase inhibitors that can
help regulate melanin production and prevent its excessive accumulation in the skin. On the
other hand, inhibition of enzymes such as alpha-amylase and glucosidase, which are responsible
for the digestion of carbohydrates, is also important for solving diabetes, one of the most
common health problems of our time (Ogunyemi et al., 2022). Undoubtedly, another of the
biggest dangers is the spread of pathogenic microorganisms or their becoming resistant to
antibiotics (Gan et al., 2024). Faced with all these problems, it has become essential to identify
natural compounds, especially those obtained from plants, and to reveal their potential for use
as enzyme inhibitors or antimicrobial agents. Because, considering the possible side effects of
the synthetic agents used, the use of plants seems much safer.

Turkiye hosts a remarkable diversity of plant species, with the genus Helichrysum from the
Asteraceae family being especially prominent (Lahlou et al., 2024). These species have been
variously named by the public (e.g. goldenrod, highland flower or immortelle) and are
consumed mainly as herbal teas (Acet et al., 2020). Helichrysum genus and its members are
ethnobotanically valuable and are used as antioxidants, antimicrobials and to alleviate kidney
disorders (Sezik et al., 2001; Sala et al., 2003; Albayrak et al., 2010). In recent decades,
Helichrysum species have been recognized as one of the promising medicinal plants.
Helichrysum species occupy an important place in the literature with extensive research on their
phytochemicals and biological activities. For instance, they have huge properties including
cytotoxic, antimicrobial, antioxidant, anti-inflammatory, enzyme inhibitory activities for
metabolic and neurodegenerative diseases, and anti-aging (Tepe et al., 2005; Aslan et al., 2007;
Gouveia-Figueira et al., 2014; Popoola et al., 2015; Gongalves et al., 2017; Ozcan & Acet,
2018; Acet et al., 2020). Although there are many studies on Helichrysum species in the
literature, there is limited research on the therapeutic properties of endemic Helichrysum
artvinense in Artvin region (Eroglu et al., 2009; Albayrak et al., 2010). Hence, in the present
research we proposed to determine the biological activities of EtOH and MeOH extracts of
Helichrysum artvinense such as i- antioxidant activity, ii- antimicrobial activity, iii- enzyme
inhibitory activity, iv- DNA protective activity (for the first time), also v- phenolic component
analysis by HPLC.

2. MATERIAL and METHODS
2.1. Collection of Samples

The plant materials of Helichrysum artvinense P.H. Davis & Kupicha examined in this study
were collected from their natural habitat in Artvin Province, Turkiye. Specifically, samples
were collected from Ardanuc: Cehennem Deresi Canyon upper sections, along roadsides, and
on rocky slopes at an elevation of 660 m (41°08'35.0"N, 42°02'39.0"E), under the collection
number Aksu 409, on 3 August 2022. The taxonomic identification and verification of the
species were conducted by Dr. Nursen Aksu Kalmuk, following the taxonomic keys for
Helichrysum species as described by Davis (1975) in Flora of Tilrkiye and the East Aegean
Islands. VVoucher specimens are preserved at the Medicinal and Aromatic Plants Application
and Research Center, Artvin Coruh University. 5 g of dried and powdered aerial parts of plant
were taken and kept in a shaker with 100 mL of EtOH and MeOH for 24 hours, and the solvent
was evaporated with an evaporator at 37 °C (Bozkir et al., 2022). For further experiments, the
extracts were stored at -20°C.
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2.2. Total Phenolic (TPC) and Flavonoid (TFC) Contents

Total phenolic and flavonoid contents in the extracts were determined according to Acet et al.
(2020). The results obtained were determined as gallic acid (GAE) and quercetin equivalence
(QUE), respectively.

2.3. Determination of Antioxidant Activity

ABTS [(2,2'-azinobis (3-ethylbenzothiazoline-6-sulfonic acid)] radical scavenging activity of
the extracts was assessed by modified method developed by Re et al., (1998). Accordingly, 80
ML of the sample was combined with 160 uL of ABTS, allowed to react for 6 minutes, and then
measured at 750 nm using a microplate reader. Results were expressed as trolox equivalent (mg
TE/g extract). On the other hand, DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging
activity of the extracts was determined by modifying the method developed by Kirby &
Schmidt, (1997). 125 uL of DPPH was added to 125 pL of extract solution and after waiting
for 45 minutes at room temperature, measurement was made at 490 nm. The results were
calculated as trolox equivalent (mg TE/g extract).

The activity of the EtOH and MeOH extracts was determined using the following equation, and
then, expressed with I1Cso value.

%Inhibition = [(Acontrol - Aextract)/AControl] * 100

2.4. Determination of Some Enzyme Inhibitory Activities

Enzyme inhibition activities of plant extracts associated with diabetes were determined using
the assay of Acet et al. (2020). The results were stated as acarbose equivalent (mmol g/ extract).
Tyrosinase inhibitory activity was determined according to Sarikiirk¢li and Zengin (2020).
Tyrosinase inhibition activity was given equivalents as kojic acid.

2.5. Determination of Antimicrobial Activity

Disc diffusion and microdilution methods were preferred to detect the antimicrobial activity of
the plant extracts (CLSI, 2017). Salmonella typhimurium CCM5445, Escherichia coli ATCC
29998, Bacillus cereus RSKK 709, Bacillus subtilis IMG 22, Enterococcus faecalis ATCC
29212, Klebsiella pneumoniae ATCC 13883, methicillin resistant Staphylococcus aureus
(MRSA) ATCC 43300, Enterococcus hirae ATCC 10541, vancomicine resistance
Enterococcus faecium DSMZ 13590, Pseudomonas aeruginosa ATCC 27853, Staphylococcus
aureus ATCC 6538, Yersinia pseudotuberculosis ATCC 911, Streptococcus pyogenes ATCC
12344, Candida tropicalis NRRLL YB-366, Clavibacter michiganensis subsp. michiganensis,
Xanthomonas spp. were used.

In both tests, the microorganism concentration was prepared at 0.5 McFarland turbidity. At the
end of 48 hours of incubation at 37°C, the zones formed around the discs were measured in the
disc diffusion test, while the concentration at which there was no microbial growth in the
microdilution test was determined as the MIC value.

2.5. Determination of DNA Protective Activity

DNA protective activity of the extracts was performed by making minor changes to the Celik
Altunoglu et al. (2022). Firstly, pUC19 plasmid DNA was damaged by using the Fenton
solution. Extracts at different doses such as 1, 5, 10, 20 and 40 mg per mL were used. The
presence or absence of activity was also observed by electrophoresis of DNA samples in 1%
agarose gel.

2.6. Phenolic Compounds

HPLC (Shimadzu, Japan) was used to screen the presence of 20 different phenolic compounds
commonly found in this family in the extract. The results of gallic acid, catechin, p-hydroxy
benzoic acid, chlorogenic acid, caffeic acid, epicatechin, sirinic acid, vanillin, p-coumaric acid,
ferulic acid, benzoic acid, rutin, hesperidin, trans-cinnamic acid, luteolin, kaempferol contents
are given as pg/g extract.
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2.7. Statistical Analyses

All trials were designed in triplicates. The results were calculated by the SPSS program (One-
way ANOVA) (p<0.05 values mean significant).

3. RESULTS and DISCUSSION

TPC and TFC of EtOH and MeOH extracts of Helichrysum artvinense were determined by
spectrophotometric methods (Table 1). In accordance with the results obtained, EtOH extracts
were richer in TPC (62.74 mg GAE/g extract) and TFC (80.75 mg QUE/g extract) than MeOH
extracts.

In a study on 15 diverse Helichrysum species, including H. artvinense species were
investigated, revealing that the total phenolic content (TPC) of the methanol (MeOH) extracts
was lowest in H. peshmenianum (66.75 mg GAE/g extract) and highest in H. noeanum(160.63
mg GAE/g extract). Also, the TPC of the MeOH extract obtained from the aerial parts of H.
artvinense determined as 83.98 mg GAE/g extract (Albayrak et al., 2010). In other study, the
TPC and TFC of the ethanol extracts of flower of H. plicatum and H. chionophilum collected
from Glimiishane were found 535.3 and 424.6 mg GAE/g extract, and 50.9 and 73.6 mg QE/g
extract, respectively. In ethanol extracts of the same plants, the TPC was identified as 536.9
and 537.7 mg GAE/g extract and the TFC was 55.4 and 44.6 mg QE/g extract, respectively
(Acet et al., 2020). In another study, Gouveia-Figueira (2014) investigated four different
Helichrysum species and the TPC -TFC were found to be 0.04-121.4 mg GAE/g extract and
0.02-8.2 mg RUE/g extract, respectively. On the other hand, Ebrahimzadeh and Tavassoli
(2015) reported the TPC (22.7 mg GAE/g extract) and TFC (9.6 mg QE/g extract) of MeOH
extract of H. pseudoplicatum. In a study they conducted with H. pseudoplicatum, Ebrahimzadeh
and Tavassoli (2015) reported that the TPC of the MeOH extract of the plant was 22.7 mg
GAE/qg extract and the TFC was 9.6 mg QE/g extract. When compared with the literature, it is
seen that the TPC and TFC in the present research is lower or over than some studies. However,
these differences are thought to be due to the differences in the solvents used. There is limited
studies used ethanol as a solvent in the same species. In addition, different secondary metabolite
contents in the same plant species may be related to various factors such as climate, collection
period, altitude and soil structure.

Table 1. TFC and TPC of plant extracts.

Extracts TPC TFC

(mg GAE/g extract) (mg QUE/g extract)
EtOH 62.74+0.7° 80.75+0.1%
MeOH 51.15+0.6" 65.03+0.6"

Values expressed are the mean + SD of three different measurements. Data shown with different letters in the
same column indicate statistically significant differences between the extracts (p<0.05).

Antioxidants are structures that prevent or delay oxidation caused by free radicals (Popoola et
al., 2015; Aguilera et al., 2016). ABTS and DPPH methods are frequently used to determine
the potential of plants to scavenge free radicals. The results of these experiments are shown in
Table 2. As seen in this table, it was detected that the ABTS activity of the ethanol extract
(508.036 mgTE/g extract) was higher than that of the methanol extract (450.350 mgTE/g
extract). ABTS ICso values also showed parallelism with the equivalence results. While the 1Csg
value of ethanol extract was 0.0284 mg/mL, methanol was determined as 0.0321 mg/mL. On
the other hand, in DPPH analysis found that ethanol extract (66.533 mgTE/g extract) was higher
than methanol extract (16.024 mgTE/g extract). DPPH ICso values were also in parallel with
the equivalence results. While the I1Cso value of ethanol extract was 0.133 mg/mL, methanol
was determined as 0.225 mg/mL. In a study on similar species, ABTS activity in ethanol
extracts of flower of H. plicatum and H. chionophilum collected from Giimiishane was
determined as 89.5 and 66.2 mgTE/g extract, respectively, and 1Cso values were 0.446 and 0.051
mg/mL. ABTS values in the EtOH extracts of the same plants were found to be 52.6 and 355.3
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mgTE/g extract, respectively, and ICso values were 0.574 and 0.348 mg/mL (Acet et al., 2020).
Data from the current study indicate that ABTS scavenging activity of extracts is stronger than
in the literature. If the DPPH activities in Acet et al., (2020) are compared, it can be seen that
the DPPH activity in the EtOH extracts of flower of H. plicatum and H. chionophilum is 7.9
and 17.7 mgTE/g extract, respectively, and the ICso values are 0.234 and 0.87 mg/mL. DPPH
values in the stem ethanol extract of the same plants were found to be 5.8 and 22.0 mgTE/g
extract, respectively, and I1Cso values were 0.381 and 0.679 mg/mL (Acet et al., 2020). The data
obtained from the current study show that the DPPH scavenging activity, especially of the EtOH
extract, is stronger than the literature. Similarly, the antioxidant capacity of H. plicatum, H.
chionophilum and H. arenarium methanol extracts taken from the Sivas region was reported
using the DPPH assay (ICso = 0.0405 and 0.047.6 mg/mL, respectively) (Tepe et al., 2005). In
other study, the DPPH ICso value of the MeOH extract obtained using the aerial parts of
H.artvinense was stated as 0.021 mg/mL (Albayrak et al., 2010). Differences in these values
may be due to the location where the plant was taken or the experimental conditions.

Table 2. Antioxidant properties of plant extracts.

Extracts ABTS ABTS ICs DPPH DPPH
(mgTE/g extract)  (mg/mL) (mgTE/g extract)  1Cso (mg/mL)
EtOH 508.036+1.5% 0.0284+0.05° 66.533+0.8° 0.133+0.003"
MeOH 450.350+2.25" 0.0321+0.03° 16.024+0.05" 0.225+0.005°
Trolox - 0.009539+0.005* - 0.00528+0.025°

Values expressed are the mean + SD of three different measurements. Data shown with different letters in the same column
indicate statistically significant differences between the extracts (p<0.05).

Type-I1 diabetes, a metabolic disease related to blood sugar levels, is a major health problem
(Pari ve Srinivasan, 2010). Around 250 million individuals are projected to be affected by this
disease by 2030 (Hwang et al., 2012). From this point of view, the necessity of proper
management of this disorder becomes evident. In this regard, control of carbohydrate
hydrolyzing enzymes (amylase and glucosidase) is one of the important strategies to cope with
the disease (Hu et al., 2013). For this purpose, various synthetic enzyme inhibitors such as
acarbose have been produced (Chiasson et al., 2002). However, since these compounds cause
significant side effects such as tissue and organ damage in humans, the discovery and use of
natural inhibitors have become popular in recent years (Lasano et al., 2019). In addition,
tyrosinase inhibitors are used in the treatment of skin disorders such as hyperpigmentation and
plants constitute an important source in this regard (Bozkir et al., 2022). In this study, some
enzyme inhibition activities of the aerial part of EtOH and MeOH extracts of Helichrysum
artvinense were investigated. The results are shown in Table 3.

Table 3. Enzyme inhibitory activity of plant extracts.

Extracts a-amylase inh. a-glucosidase inh. Tyrosinase inh.
(mmolACAE/g extract) (mmolACAE/g extract) (mgKAE/g extract)

EtOH 533.27+5.5°% 24.92+1.5% 86.05+3.5%

MeOH 489.02+3.5 25.33+1.25° 22.45+1.05°

Values expressed are the mean + SD of three different measurements. Data shown with different letters in the same column
indicate statistically significant differences between the extracts (p<0.05).

There is some research in the literature on the inhibition activities related to diabetes of the
Asteraceae family (Spinola ve Castilho, 2017); additionally, studies on the enzyme inhibition
activities of Helichrysum species were also examined. Accordingly, the a-amylase and o-
glucosidase inhibition activity of the ethanol extract of the Helichrysum stoechas subsp.
barrelieri, which was extracted similarly, was found to be 0.59 and 1.63 mmol ACAE/g extract,
respectively. Additionally, in this study, tyrosinase enzyme inhibition activity was found to be
183.32 mg KAE/g extract (Zengin et al., 2020). Accordingly, when the data obtained from the
current study is compared with the literature, the enzyme inhibition results of the ethanol extract
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of the Helichrysum artvinense, except tyrosinase, are quite high. In a different study on H.
chionophilum and H. plicatum, the a-amylase enzyme inhibition activity of ethanol extracts of
flower was found to be 156.53 and 105.35 mmolACAE/g extract, respectively. On the other
hand, the a-glucosidase enzyme inhibition activity of ethanol extracts of stem was determined
as 193.36 and 105.12 mmol ACAE/g extract, respectively. Similar evaluations are valid for a-
glucosidase inhibition activities. According to the data obtained from the present study, it is
seen that ethanol extract is more effective in inhibiting diabetes-related enzymes. As a result, it
can be said that the findings are compatible with the literature.

The antimicrobial activity of the extracts was determined by disc diffusion and microdilution
tests, and the results are shown in Table 4 (a and b). It was found that the extracts showed
antimicrobial activity against all tested microorganisms except B. cereus. In addition, it was
observed that both plant extracts showed strong antimicrobial activity against E. faecalis with
MIC value of 16 pg/mL. In a previous study, it was stated that H. chionophilum extracts had no
activity against K. pneumoniae, while H. plicatum had an antimicrobial effect against this
organism (MIC value 512 pg/mL) (Acet et al., 2020).1n the current research, EtOH and MeOH
extracts were found to have a similar antimicrobial effect against K. pneumoniae. In this
context, the results obtained are consistent with the literature. In addition, in a study conducted
with H. artvinense, generally similar (disk diffusion) activities were observed (Albayrak et al.,
2010). MIC values were reported for the first time in this study.

The phenolic components of the extracts were screened using HPLC (Figures 1 and Figure 2)
and the findings are given in Table 5. Since the ethanol extract of the plant was more effective
than methanol extracts, phenolic content analysis of the ethanol extract was performed.
Accordingly, the major phenolic components of the ethanol extract were found to be
Epicatechin (2190.5 pg/g extract), Chlorogenic acid (1738.6 pg/g extract) and Luteonin (910.8
Mg/g extract). While routine and hesperidin were not found in this extract, other standard
phenolics were detected at minor levels. As per the literature, chlorogenic acid and its
derivatives are the predominant phenolic acids identified in the plant samples under analysis
(Nicolle et al., 2004; Mattila and Hellstrém, 2007). In the present study, these compounds were
also detected in substantial quantities in the tested plant. In this regard, the results taken from
the study are compatible with the other scientific studies and it is supposed that the high
biological activities exhibited by the plant is due to the phenolic compounds they contain.

The DNA protective activity of the extracts was evaluated by damaging the pUC19 plasmid
using Fenton's solution (Figure 3). Different concentrations of extracts were used in the study
and no activity was noticed in the MeOH extract. However, DNA protective activity was
partially seen at a 20 mg/mL concentration of the EtOH extract. Some studies show that plants
have protective activities against DNA damage at various doses (Giri et al., 2017; Bozkir et al.,
2022). It has been suggested that phenolic components are related to DNA protective activity
(Petersen, 2013). It is possible that some phenolic compounds, also detected in the current
study, are responsible for this activity.
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Figure 1. Chromatogram of EtOH extract.
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Figure 2. Standard chromatogram. Standard chromatogram, 1:gallic acid 2:catechin 3:p-hydroxy
benzoic acid 4:chlorogenic acid 5:caffeic acid 6:epicatechin 7:syringic acid 8:vanillin 9:p-coumaric acid
10:ferulic acid 11:benzoic acid 12:rutin 13:hesperidin 14:cinnamic acid 15:luteolin 16:campferol.

Table 4. Antimicrobial activity of H. artvinense.
a. Antimicrobial activity (MIC) findings (ng/mL)

Extracts
Microorganisms Ethanol Methanol
B. cereus ND ND
E. coli 64 64
S. thyphi 64 64
K. pneumoniae 512 512
P. aeruginosa 512 512
S. aureus 16 32
MRSA 32 32
C. tropicalis 512 256
B. subtilis 128 128
E. faecium 512 512
E. faecalis 16 16
E. hirae 32 32
Y. pseudotuberculosis 512 128
X. spp. 16 128
C. michiganensis sups. m. 512 256
S. pyogenes 1000 1000
b. Antimicrobial activity (Disc diffusion) findings of the extracts (mm)-800 pg/mL per disc
Extracts
Microorganisms Ethanol Methanol
B. cereus 13 12
E. coli - -
S. thyphi 13 12
K. pneumoniae 13 12
P. aeruginosa - -
S. aureus - -
MRSA 12 11
C. tropicalis 14 12
B. subtilis - -
E. faecium 12 11
E. faecalis 11 12
E. hirae 12 -
Y. pseudotuberculosis 13 12
X. spp. 14 15
C. michiganensis sups. m. - -
S. pyogenes 20 17
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Table 5. Phenolic compounds of ethanol extract.

. Amount (ug/g extract
No Phenolic components EtOH (/g )
1 Gallic acid 34.7+0.001
2 Catechin 265.5+0.5
3 Chlorogenic acid 1738.6+0.4
4 Epicatechin 2190.5+0.05
5 Caffeic acid 224.4+0.02
6 Syringic acid 80.2+0.01
7 p-Coumaric acid 84.4+0.25
8 Ferulic acid 71.940.1
9 Rutin *
10 Hesperidin *
11 t-Cinnamic acid 28.0+£0.02
12 Luteolin 910.8 £0.01
13 Kaempferol 385.4+0.006
14 p-hydroxy benzoic acid 56.1+0.06
15 Vanilin 150.6 £0.02
16 Benzoic acid 982.0+0.5

Values expressed are the mean + SD of three different measurements. *Not detected
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Figure 3. DNA protective activity a- ethanol extract, b- methanol extract.
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4. CONCLUSION

In the study, some biological activities of endemic Helichrysum artvinense collected from
Artvin province were investigated. With this study, the DNA protective activity of the plant
was revealed for the first time. In the study where EtOH and MeOH extracts of the aerial parts
of plant were used, it was observed that EtOH extracts were more prominent in terms of the
screened properties. Therefore, phenolic components of EtOH extract were revealed by HPLC
analysis. Accordingly, epicatechin, chlorogenic acid and luteolin were determined as basic
phenolics. At the same time, extracts were demonstrated a high antimicrobial activity against
some organisms with a MIC value of 16 pg/mL. It is thought that the high biological activities
determined are due to the major and/or minor components of the plant. As a result, the plant in
question has the potential to be used in both food and pharmacological fields. However, it seems
useful to support the detected biological activity with in vivo studies.

Acknowledgements

This study was supported by Giimiishane University, GUBAP2901: Scientific and
Technological Research Support Program, (Project no: 22.F5119.01.03).

Declaration of Conflicting Interests and Ethics

The authors declare no conflict of interest. This research study complies with research and
publishing ethics. The scientific and legal responsibility for manuscripts published in 1JSM
belongs to the authors.

Authorship Contribution Statement

Tuba Acet provided financial support for this study with project and contributed to the
experimental studies, data analysis, preparation of manuscript and proofreading; Kadriye
Ozcan participated in antimicrobial experiments and the writing and proofreading; Nursen
Aksu Kalmuk provided and determined the plant material used. She also contributed to the
critical reading of the article.

Orcid

Tuba Acet @ https://orcid.org/0000-0002-0981-9413
Kadriye Ozcan @ https://orcid.org/0000-0002-4913-6035
Nursen Aksu Kalmuk @ https://orcid.org/0000-0002-3712-4002

REFERENCES

Acet, T., Ozcan, K., & Zengin, G. (2020). An assessment of phenolic profiles, fatty acid
compositions, and biological activities of two Helichrysum species: H. plicatum and H.
chionophilum. Journal of Food Biochemistry, 44, e13128. https://doi.org/10.1111/jfbc.131
28

Aguilera, Y., Martin-Cabrejas, M.A., & de Mejia, E.G. (2016). Phenolic compounds in fruits
and beverages consumed as part of the Mediterranean diet: Their role in prevention of
chronic diseases. Phytochemistry Reviews, 15, 405-423. https://doi.org/10.1007/s11101-
015-9443-z

Albayrak, S., Aksoy, A., Sagdic, O., & Hamzaoglu, E. (2010). Compositions, antioxidant and
antimicrobial activities of Helichrysum (Asteraceae) species collected from Turkey. Food
Chemistry, 119(1), 114-122. https://doi.org/10.1016/j.foodchem.2009.06.003

Annadurai, P., Annadurai, V., Yongkun, M., Pugazhendhi, A., & Dhandayuthapani, K., (2021).
Phytochemical composition antioxidant and antimicrobial activities of Plecospermum
spinosum Trecul. Process Biochemistry, 100, 107-116. https://doi.org/10.1016/j.procbio.20
20.09.031

Anwar, M.M. (2022). Oxidative stress-A direct bridge to central nervous system homeostatic
dysfunction and Alzheimer’s disease. Cell Biochemistry Function, 40, 17-27. https://doi.or
9/10.1002/cbf.3673

105


https://orcid.org/0000-0002-0981-9413
https://orcid.org/0000-0002-4913-6035
https://orcid.org/0000-0002-3712-4002
https://doi.org/10.1111/jfbc.13128
https://doi.org/10.1111/jfbc.13128
https://doi.org/10.1007/s11101-015-9443-z
https://doi.org/10.1007/s11101-015-9443-z
https://doi.org/10.1016/j.foodchem.2009.06.003
https://doi.org/10.1016/j.procbio.2020.09.031
https://doi.org/10.1016/j.procbio.2020.09.031
https://doi.org/10.1002/cbf.3673
https://doi.org/10.1002/cbf.3673

Acetetal, Int. ]. Sec. Metabolite, Vol. 12, No. 1, (2025) pp. 97-108

Aslan, M., Orhan, D.D., Orhan, N., Sezik, E., & Yesilada, E. (2007). In vivo antidiabetic and
antioxidant potential of Helichrysum plicatum ssp. plicatum capitulums in streptozotocin-
induced-diabetic rats. Journal of Ethnopharmacology, 109, 54-59. https://doi.org/10.1016/j
.jep.2006.07.001

Birsan, R.l., Wilde, P., Waldron, KW., & Rai, D.K. (2021). Anticholinesterase activities of
different solvent extracts of brewer’s spent grain, Foods, 10, 930. https://doi.org/10.3390/f
00ds10050930

Bozkir, B., Acet, T., & Ozcan, K. (2022). Investigation of the effects of different extraction
methods on some biological activities of Dactylorhiza romana subsp. georgica (Klinge) So6
ex Renz & Taubenheim. South African Journal of Botany, 149, 347-354. https://doi.org/10.
1016/j.sajb.2022.06.017

Brenner, M., & Hearing, V.J. (2008). The protective role of melanin against UV damage in
human skin. Photochemisty Photobiology, 84, 539-549. https://doi.org/10.1111/j.1751-
1097.2007.00226.x

Celik Altunoglu, Y., Can, T.H., Tufekci, E.F., Altunoglu, B.D., Baloglu, M.C., Llorent-
Martinez, E.J., & Zengin, G., (2022). Comprehensive approaches on chemical composition
and biological properties of Daphne pontica L. extracts. Plant Biosyst. 156(1), 116-129.
https://doi.org/10.1080/11263504.2020.1837282

Chiasson, J.-L., Josse, R.G., Gomis, R., Hanefeld, M., Karasik, A., Laakso, M., & Group, S.-
N.T.R. (2002). Acarbose for prevention of type 2 diabetes mellitus: The STOP-NIDDM
randomised trial. The Lancet, 359(9323), 2072-2077. https://doi.org/10.1016/S0140-
6736(02)08905-5

CLSI. (2017). Performance standards for antimicrobial susceptibility testing; 27th
informational supplement. CLSI/NCCLS (27th ed). Wayne, PA, USA: Clinical and
Laboratory Standards Institute.

Davis, P.H. (1975). Flora of Turkey and the East Aegean Islands. VVol. 5. Edinburgh: Edinburgh
University Press.

Ebrahimzadeh, M.A., & Tavassoli, A. (2015). Antioxidant properties of Helichrysum
pseudoplicatum Nab. Pharmaceutical and Biomedical Research, 1, 37-43. https://doi.org/1
0.18869/acadpub.pbr.1.1.37

Fu, L., Xu, B.T., Xu, X.R., Gan, R.Y., Zhang, Y., Xia, E.Q., & Li, H.B. (2011). Antioxidant
capacities and total phenolic contents of 62 fruits. Food Chemistry, 129, 345-350.
https://doi.org/10.1016/j.foodchem.2011.04.079

Gan, M., Zhang, Y., Yan, G., Wang, Y., Lu, G., Wu, B., Chen, W., & Zhou, W. (2024).
Antimicrobial resistance prediction by clinical metagenomics in pediatric severe pneumonia
patients. Annals of Clinical Microbiology, and Antimicrobials, 23, 33. https://doi.org/10.11
86/512941-024-00690-7

Giri, L., Belwal, T., Bahukhandi, A., Suyal, R., Bhatt, I.D., Rawal, R.S., & Nandi, S.K. (2017).
Oxidative DNA damage protective activity and antioxidant potential of Ashtvarga species
growing in the Indian Himalayan Region. Industrial Crops and Products, 102, 173-179.
https://doi.org/10.1016/j.indcrop.2017.03.023

Gongcalves, S., Moreira, E., Grosso, C., Andrade, P.B., Valentdo, P., & Romano, A. (2017).
Phenolic profile, antioxidant activity and enzyme inhibitoryactivities of extracts from
aromatic plants used in Mediterranean diet. Journal of Food Science and Technology, 54,
219-227. https://doi.org/10.1007/s13197-016-2453-z

Gouveia-Figueira, S., Gouveia, C., Carvalho, M., Rodrigues, A., Nording, M., & Castilho, P.
(2014). Antioxidant capacity, cytotoxicity and an-timycobacterial activity of Madeira
archipelago endemic Helichrysum dietary and medicinal plants. Antioxidants, 3, 713-729.
https://doi.org/10.3390/antiox3040713

Hu, X.-J., Wang, X.-B., & Kong, L.-Y. (2013). a-Glucosidase inhibitors via green pathway:
Biotransformation for bicoumarins catalyzed by Momordica charantia peroxidase. Journal
of Agricultural and Food Chemistry, 61, 1501-1508. https://doi.org/10.1021/jf304384b

106


https://doi.org/10.1016/j.jep.2006.07.001
https://doi.org/10.1016/j.jep.2006.07.001
https://doi.org/10.3390/foods10050930
https://doi.org/10.3390/foods10050930
https://doi.org/10.1016/j.sajb.2022.06.017
https://doi.org/10.1016/j.sajb.2022.06.017
https://doi.org/10.1111/j.1751-1097.2007.00226.x
https://doi.org/10.1111/j.1751-1097.2007.00226.x
https://doi.org/10.1080/11263504.2020.1837282
https://doi.org/10.1016/S0140-6736(02)08905-5
https://doi.org/10.1016/S0140-6736(02)08905-5
https://doi.org/10.18869/acadpub.pbr.1.1.37
https://doi.org/10.18869/acadpub.pbr.1.1.37
https://doi.org/10.1016/j.foodchem.2011.04.079
https://doi.org/10.1186/s12941-024-00690-7
https://doi.org/10.1186/s12941-024-00690-7
https://doi.org/10.1016/j.indcrop.2017.03.023
https://doi.org/10.1007/s13197-016-2453-z
https://doi.org/10.3390/antiox3040713
https://doi.org/10.1021/jf304384b

Acetetal, Int. ]. Sec. Metabolite, Vol. 12, No. 1, (2025) pp. 97-108

Hwang, C.K., Han, P.V., Zabetian, A., Ali, M.K., & Narayan, K.V. (2012). Rural diabetes
prevalence quintuples over twenty-five years in lowand middle-income countries: A
systematic review and meta-analysis. Diabetes Research and Clinical Practice, 96, 271-285.
https://doi.org/10.1016/j.diabres.2011.12.001

Kirby, A.J., & Schmidt, R.J. (1997). The antioxidant activity of Chinese herbs for eczema and
of placebo herbs-1. Journal of Ethnopharmacology, 56, 103-108. https://doi.org/10.1016/S
0378-8741(97)01510-9

Lahlou, R.A., Carvalho, F., Pereira, M.J., Lopes, J., Silva, L.R. (2024). Overview of
ethnobotanical-pharmacological studies carried out on medicinal plants from the Serra da
Estrela Natural Park: Focus on their antidiabetic potential. Pharmaceutics, 16(4), 454.
https://doi.org/10.3390/pharmaceutics16040454

Lasano, N.F., Hamid, A.H., Karim, R., Dek, M.S.P., Shukri, R., & Shazini Ramli, N. (2019).
Nutritional composition, anti-diabetic properties and identification of active compounds
using UHPLC-ESI-orbitrap-MS/ MS in Mangifera odorata L. peel and seed kernel.
Molecules, 24, 320. https://doi.org/10.3390/molec ules2 4020320

Lee, H.P., Zhu, X., Casadesus, G., Castellani, R.J., Nunomura, A., Smith, M.A., & Perry, G.
(2010). Antioxidant approaches for the treat-ment of Alzheimer’s disease. Expert Review of
Neurotherapeutics, 10, 1201-1208. https://doi.org/10.1586/ern.10.74

Maritim, A.C., Sanders, R.A., & Watkins, J.B. (2003). Diabetes, oxida-tive stress, and
antioxidants: A review. Journal of Biochemical and Molecular Toxicology, 17, 24-38.
https://doi.org/10.1002/jbt.10058

Mattila, P., & Hellstrém, J. (2007). Phenolic acids in potatoes, vegetables, and some of their
products. Journal of Food Composition and Analysis, 20, 152-160. https://doi.org/10.1016/
j.jfca.2006.05.007

Ogunyemi, O.M., Gyebi, G.A, Saheed, A., Paul, J., Nwaneri-Chidozie, V., Olorundare, O., ...
Olaiya, C.0O. (2022). Inhibition mechanism of alpha-amylase, a diabetes target, by a steroidal
pregnane and pregnane glycosides derived from Gongronema latifolium Benth. Frontiers in
Molecular Biosciences, 9, 1-19. https://doi.org/10.3389/fmolb.2022.866719

Ozcan, K., & Acet, T. (2018). In vitro antioxidant and antimicrobial activities of the five
different solvent extracts of Centaurea pulcherrima var. freynii from Turkey. Fresenius
Environmental Bulletin, 27, 4047-4051.

Pakpour, A.H., Griffiths, M.D., & Lin, C. (2021). Assessing Psychological Response to the
COVID-19:The Fear of COVID-19 Scale and the COVID Stress Scales. International
Journal of Mental Health Addiction, 19, 2407-2410. https://doi.org/10.1007/s11469-020-
00334-9

Pari, L., & Srinivasan, S. (2010). Antihyperglycemic effect of diosmin on hepatic key enzymes
of carbohydrate metabolism in streptozotocin-nicotinamide induced diabetic rats.
Biomedicine & Pharmacotherapy, 64, 477-481. https://doi.org/10.1016/j.biopha.2010.02.0
01

Petersen, M., (2013). Rosmarinic acid: New aspects. Phytochemistry Reviews, 12, 207-227.
https://doi.org/10.1007/s11101-013-9282-8

Pillaiyar, T., Manickam, M., & Jung, S.H. (2017). Recent development of signaling pathways
inhibitors of melanogenesis. Cell Signalling, 40, 99-115. https://doi.org/10.1016/j.cellsig.2
017.09.004

Popoola, O., Marnewick, J., Rautenbach, F., lwuoha, E., & Hussein, A. (2015).
Acylphloroglucinol derivatives from the South African Helichrysum niveum and their
biological activities. Molecules, 20, 17309-17324. https://doi.org/10.3390/molecules20091
7309

Re, R., Pellegrini, N., Proteggente, A., Pannala, A., Yang, M., & Rice-Evans, C. (1999).
Antioxidant activity applying an improved ABTS radical cation decolorization assay. Free
Radical Biology and Medicine, 26(9-10), 1231-7. https://doi.org/10.1016/S0891-
5849(98)00315-3

107


https://doi.org/10.1016/j.diabres.2011.12.001
https://doi.org/10.1016/S0378-8741(97)01510-9
https://doi.org/10.1016/S0378-8741(97)01510-9
https://doi.org/10.3390/pharmaceutics16040454
https://doi.org/10.3390/molec%20ules2%204020320
https://doi.org/10.1586/ern.10.74
https://doi.org/10.1002/jbt.10058
https://doi.org/10.1016/j.jfca.2006.05.007
https://doi.org/10.1016/j.jfca.2006.05.007
https://doi.org/10.3389/fmolb.2022.866719
https://doi.org/10.1007/s11469-020-00334-9
https://doi.org/10.1007/s11469-020-00334-9
https://doi.org/10.1016/j.biopha.2010.02.001
https://doi.org/10.1016/j.biopha.2010.02.001
https://doi.org/10.1007/s11101-013-9282-8
https://doi.org/10.1016/j.cellsig.2017.09.004
https://doi.org/10.1016/j.cellsig.2017.09.004
https://doi.org/10.3390/molecules200917309
https://doi.org/10.3390/molecules200917309
https://doi.org/10.1016/S0891-5849(98)00315-3
https://doi.org/10.1016/S0891-5849(98)00315-3

Acetetal, Int. ]. Sec. Metabolite, Vol. 12, No. 1, (2025) pp. 97-108

Sala, A., Recio, M.d.C., Giner, R.M., Mafiez, S., Tournier, H., Schinella, G., & Rios, J.L.
(2002). Anti-inflammatory and antioxidant properties of Helichrysum italicum. Journal of
Pharmacy and Pharmacology, 54(3), 365-371. https://doi.org/10.1211/0022357021778600

Sarikiirket, C., & Zengin, G., (2020). Polyphenol profile and biological activity comparisons
of different parts of Astragalus macrocephalus subsp. finitimus from Turkey. Biology
(Basel). 9, 1-15. https://doi.org/10.3390/biology9080231

Sezik, E., Yesilada, E., Honda, G.,Takaishi, Y., Takeda, Y., & Tanaka, T., (2001). Traditional
medicine in Turkey X. Folk medicine in Central Anatolia, Journal of Ethnopharmacology,
75(2-3), 95-115. https://doi.org/10.1016/S0378-8741(00)00399-8

Sheng, Y.Y., Xiang, J., Lu, J.L., Ye, J.H., Chen, Z., Zhao, J., & Zheng, X. (2022). Protective
effects of gallocatechin gallate against ultraviolet B induced skin damages in hairless mice.
Scientific Reports, 12, 1-11. https://doi.org/10.1038/s41598-022-05305-9

Spinola, V., & Castilho, P.C., (2017). Evaluation of Asteraceae herbal extracts in the
management of diabetes and obesity. Contribution of caffeoylquinic acids on the inhibition
of digestive enzymes activity and formation of advanced glycation end-products (in vitro).
Phytochemistry, 143, 29-35. https://doi.org/10.1016/j.phytochem.2017.07.006

Tepe, B., Sokmen, M., Akpulat, H. A., & Sokmen, A. (2005). In vitro anti-oxidant activities of
the methanol extracts of four Helichrysum species from Turkey. Food Chemistry, 90, 685-
689. https://doi.org/10.1016/j.foodchem.2004.04.030

Tsao, R., & Deng, Z. (2004). Separation procedures for naturally occur-ring antioxidant
phytochemicals. Journal of Chromatography B, 812, 85-99. https://doi.org/10.1016/j.jchro
mb.2004.09.028

Zengin, G., Zheleva-Dimitrova, D., Gevrenova, R., Nedialkov, P., Mocan, A., Ciri¢, A., &
Mahomoodally, M.F. (2018). Identification of phenolic components via LC—-MS analysis
and biological activities of two Centaurea species: C. drabifolia subsp. drabifolia and C.
lycopifolia. Journal of Pharmaceutical and Biomedical Analysis, 149, 436-441.
https://doi.org/10.1016/j.jpba.2017.11.045

Zengin, G., Cvetanovi¢, A., Gasi¢, U., Tesi¢, Z., Stupar, A., Bulut, G., ... Mahomoodally, M.F.
(2020). A comparative exploration of the phytochemical profiles and bio-pharmaceutical
potential of Helichrysum stoechas subsp. barrelieri extracts obtained via five extraction
techniques. Process Biochemistry, 91, 113-125. https://doi.org/10.1016/j.procbio.2019.12.0
02

108


https://doi.org/10.1211/0022357021778600
https://doi.org/10.3390/biology9080231
https://doi.org/10.1016/S0378-8741(00)00399-8
https://doi.org/10.1038/s41598-022-05305-9
https://doi.org/10.1016/j.phytochem.2017.07.006
https://doi.org/10.1016/j.foodchem.2004.04.030
https://doi.org/10.1016/j.jchromb.2004.09.028
https://doi.org/10.1016/j.jchromb.2004.09.028
https://doi.org/10.1016/j.jpba.2017.11.045
https://doi.org/10.1016/j.procbio.2019.12.002
https://doi.org/10.1016/j.procbio.2019.12.002

