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Abstract: Plants have been used in alternative medicine for centuries in the treatment of many diseases with
the metabolites they contain. The goal of this work was to investigate the phenolic profile, antioxidant capacity
and biological activity of I. helenium subsp. pseudohelenium extracts. Phenolic (HPLC) substances in leaf ethanol
(L-EtOH), leaf pure water (L-PW), root ethanol (R-EtOH), and root pure water (R-PW) extracts of Inula helenium
subsp. pseudohelenium plant were investigated. Also, in vitro the antimicrobial (hollow agar), antioxidant
(DPPH, ABTS*, FRAP, CUPRAC), antiproliferative (MTT assay against HT-29, MCF-7 and L-929), and DNA
(Agarose gel electrophoresis) protective activities of the samples were examined. Although gallic acid was not
detected in the extracts, the presence of curcumin was detected only in EtOH extracts. L-EtOH exhibited the
best antimicrobial activity. According to the antioxidant results, it was found that the L-EtOH extract had an
activity profile close to the standard antioxidants in general. It was also found that the L-EtOH extract stabilized
the DNA by disrupting the scavenging effect of H2O2+DMSO. According to the antiproliferative activity results,
EtOH extracts exhibited the strongest effect, especially against MCF7. When evaluated in general terms, it was
found that L-EtOH extract showed better activity than other extracts. It is important to conduct more in vivo
and in vitro studies after isolating the active components of extracts e.g. L-EtOH, which have good effects in
terms of biological activity.

Keywords: antimicrobial activity; antioxidant; antiproliferative; Inula helenium subsp. Pseudohelenium;
phenolic content

1. Introduction

People have used plants that grew in nature in the treatment of various diseases [1]. The
Asteraceae (Compositae) plant is a very large family that has high medicinal and economic value.
Aster, Inula, Xanthium, Eupatorium, Carpesium, Saussurea and Taraxacum genera belong to this family,
and contain active ingredients such as volatile oils, monoterpenes, diterpenes, triterpenes, flavonoids,
phenolic acids, steroids, benzofurans, glycolipids, polyacetylenes, and amino acid derivatives that
are included in the composition of various drugs [2,3].

Inula species have been widely used in traditional medicine as a household remedy and in
modern medicine for many years with their various pharmacological activities [4]. I. helenium, I.
japonica, and I. racemosa species of the genus Inula show various pharmacological activities with their
phenolic compounds. Among these activities, there are biological activities such as antibacterial,
anticancer, antitumor, hepatoprotective, cytotoxic, antifungal, and antioxidant activities can be listed
[5]. Also, it was reported in previous studies that these phenolic compounds cause effective and
selective death in cancer cells such as colon, melanoma, ovary, prostate, lung, and leukemia [6]. I.
helenium taxon can be a good source of antioxidant and antimicrobial substance in foods,
pharmaceuticals, and cosmetic agents [7].

Phenolic compounds in the plant have strong antioxidant, anticancer, and antimicrobial
activities. The possibility of an alternative to synthetically produced antioxidants, anticancers, and
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antimicrobials emerged after the discovery of the biological features of plant-derived compounds. In
this way, the way was opened for researchers to conduct studies to uncover these features of plants.
In the present study, the in vitro antimicrobial, antioxidant, antiproliferative, and Deoxyribo Nucleic
Acid (DNA) protective activities of leaf ethanol (L-EtOH), leaf pure water (L-PW), root ethanol (R-
EtOH), and root pure water (R-PW) extracts of Inula helenium subsp. pseudohelenium plant, and
phenolic content were investigated with High Performance Liquid Chromatography (HPLC) in the
city of Mus, Turkey.

2. Results and Discussion

2.1. Analysis of phenolic compounds with HPLC

The phenolic content of I. helenium subsp. pseudohelenium L-EtOH, L-PW, R-EtOH, and R-PW
extracts are given in Table 1. When the analysis amounts of L-EtOH extract were analyzed with the
HPLC, the presence of ascorbic acid (27.63£0.82 ug/mL) was detected in the highest amount and
caffeic acid (1.15+0.16 ug/mL) was detected in the least amount. The least amount of 3,4-
dihydroxybenzoic acid (0.83+0.02 pg/mL), and the highest amount of catechol (32.46+2.24 pg/mL)
were determined in L-PW extract. When L-EtOH and L-PW were compared, highly significant
differences were detected in ascorbic acid, 4-hydroxybenzoic acid, abscisic acid, curcumin, catechol,
caffeic acid, and cinnamic acid amounts. It was found that the R-EtOH extract had the highest amount
of ascorbic acid (20.69+0.64 ug/mL) and the least amount of quercetin (0.79+0.01 pg/mL). The lowest
amount of abscisic acid (0.94+0.01 pg/mL), and the highest amount of apigenin (29.30+1.15 ug/mL)
were detected in the R-PW extract. When R-EtOH and R-PW were compared, highly significant
differences were detected in ascorbic acid, 4-hydroxybenzoic acid, myricetin, catechol and rosmarinic
acid amounts. When the leaf EtOH and PW extracts were compared, highly significant differences
were detected in quercetin and salicylic acid amounts. Also, when EtOH and PW extracts in the root
were compared, highly significant differences were detected in ascorbic acid, 4-hydroxybenzoic acid,
abscisic acid, kaempferol, and cinnamic acid amounts. No significant differences were detected in the
total phenolic content of all extracts.

Table 1. Phenolic amounts (ug/mL) of I. helenium extracts.

Phenolic amounts (pg/mL)

Phenolic Compounds

L-EtOH L-PW R-EtOH R-PW
Ascorbic acid 27.63+0.82% 12.59+0.33!1¢ 20.69+0.64¢ 0.00+0.002%
Gallic acid 0.00+0.00% 0.00+0.00 0.00+0.00 0.00+0.00%
3,4-Dihydroxybenzoic acid 0.00+0.00% 0.83+0.0214 0.00+0.00 0.00+0.00%
4-Hydroxybenzoic acid 1.19+0.08% 4.92+0.26'¢ 1.48+0.09%¢ 0.00+0.002
trans-p-coumaric acid 2.34+0.10% 1.97+0.15' 2.31+0.25'% 2.75+0.05%
Myricetin 3.34+0.53% 2.31+0.15% 5.94+0.171¢ 3.74+0.07%
Abscisic acid 3.66+0.69% 11.32+0.301¢ 1.95+0.10¢ 0.94+0.012%
Quercetin 3.38+0.16% 2.13+0.13%4 0.79+0.01™ 1.95+0.072
Apigenin 18.44+1.22%4 5.32+0.15 9.26+0.13'¢ 29.30+1.15%
Kaempferol 4.38+0.59% 1.24+0.091¢ 1.81+0.051¢ 0.00+0.002%
Curcumin 14.01+0.38%¢ 0.00+0.00% 7.57+1.00 0.00+0.00%
Catechol 5.73+0.81% 32.4612.241¢ 5.32+0.76' 19.75+1.13%
Vanillin 0.00+0.00% 0.00+0.001 1.21+0.021¢ 0.00+0.00%
Caffeic acid 1.15+0.162¢ 10.35+0.961¢ 5.57+0.1412 7.74+0.722
Cinnamic acid 3.64+0.33% 12.95+0.521¢ 3.50+0.66' 5.88+1.10%
Rosmarinic acid 3.47+0.10% 1.57+0.15%® 2.42+0.5914 6.33+0.26%
Salicylic acid 0.00+0.00% 9.19+1.09'¢ 2.18+0.24%¢ 0.00+0.00%
Total phenolic 87.81+3.20% 109.20+1.231® 71.99+2.7612 78.37+2.922¢

1": L-EtOH and L-PW; R-EtOH and R-PW; 2": L-EtOH and R-EtOH; L-PW and R-PW. ns: a; *: b; **: ¢; ***: d; ****:
e.
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It was reported in previous studies that the chlorogenic acid, caffeic acid, alantolactone, and
isoalantolactone substance amounts from the plant of the genus Inula were very different with the
HPLC Method [8]. Methanol and water extracts that were obtained from the plant of the genus Inula
contained the most campherol. The gallic acid, rutin, rosmarinic acid, quercetin, and coumarin were
detected from the extracts [9]. Caffeic acid and luteolin [10] were detected in the leaf extract of the
same plant, and quercetin [11] in the flower extract. In the present study, less phenolic content was
detected in pure water extract of the roots. Also, the presence of gallic acid was not detected in the
extracts, and the presence of curcumin was detected only in ethanol extracts. When previous studies
were considered, their results are partially similar to our study, and it is possible that there are some
unanalyzed phenolic substances in each plant extract.

2.2. Antimicrobial activity

The antimicrobial activities of 1. helenium subsp. pseudohelenium L-EtOH, L-PW, R-EtOH and R-
PW extracts against B. subtilis, S. aureus, B. megaterium, E. aerogenes, E. coli, P. aeroginosa, K. pneumonia,
Y. lipolytica, C. albicans ve S. cereviciae microorganisms were determined in mm (Tables 2 and 3). The
effects of the antibiotics used for control purposes on microorganisms are given in Table 4.

Table 2. Effect of 1. helenium leaves (L-EtOH and L-PW) extracts on test microorganisms.
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Table 3. Effect of I. helenium roots (R-EtOH and R-PW) extracts on test microorganisms.

Microorganism R-EtOH (mg/mL) R-PW (mg/mL)
s 0.2 0.4 0.8 0.2 0.4 0.8
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Table 4. Antimicrobial effects of antibiotic discs on test microorganisms.

Antibiotics
Microorganisms Erythromycin Ampicillin/ Amikacin Rifampicin = Fluconazole
Sulbactam
o B.subtilis 20.33'+0.58 14.00£0.00  10.67+0.58  21.00+0.00 0.00+0.00
E 2 S.aureus 21.00+1.00 10.00£0.00  9.33+0.58 17.67+0.58 0.00+0.00
= '3
© & B. ) 25.00+0.00 0.00+0.00 10.00£1.00  16.00+0.00 0.00+0.00
megaterium
o E. aerogenes 27.00+1.00 10.00£1.00  9.00+0.00  16.67+0.58 0.00+0.00
E '..E E. coli 19.00+0.00 12.67+0.58  13.00£1.00  18.00+0.00 0.00+0.00
3 8 P. aeroginosa 19.33+0.58 0.00+0.00 14.00£0.00  8.00+0.00 0.00+0.00
K pneumonia  19.00+1.00 15.67+0.58  10.67+0.58  19.00+1.00 0.00+0.00
g Y lipolytica 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 22.00+1.00
%D C. albicans 0.000.00 0.00+0.00 0.00+0.00 0.00+0.00 23.00+1.00
B S. cereviciae 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00

* Inhibition zone.

The L-EtOH extract showed the highest antimicrobial activity against all microorganisms except
for B. megaterium, Y. lipolytica and S. cerevicige. It was found that R-EtOH extract showed the best
antimicrobial activity by forming the highest inhibition zone against B. megaterium (21.00+0.00) and
Y. lipolytica (29.00+0.00). It was found that L-EtOH and L-PW extracts exhibited the best antifungal
activity against S. cereviciae. Also, it was observed that the activities of the extracts increased
depending on the increased concentration in general. When the activities of the extracts and
antibiotics were compared, it was found that L-EtOH and R-EtOH extracts exhibited high significant
differences from antibiotics in general (P<0.0001). It was also found that L-PW extract exhibited better
activity than Fluconazole.

It was reported in previous studies that the extracts that were obtained from the roots of L
helenium show antibacterial activity against E. coli, B. cereus, S. aureus, E. carotovora, B. subtilis, and P.
aeruginosa bacteria [12]. It was also reported that water and methanol extracts of I. viscosa of the genus
Inula show antibacterial activity against Gr positive (Gr+) bacteria, but no activity against Gram
negative (Gr-)bacteria [9]. It was determined that the methanol extracts obtained from the flowers,
leaves, and roots of 1. viscosa show antibacterial activity against Gr- bacteria such as E. coli and P.
aeruginosa [13]. It was also reported that the ethanol extract obtained from the roots of I. helenium L.
showed significant antimicrobial activities against all tested microorganisms except for A. niger [14].
In another study, the ethanol extract of 1. helenium spp. pseudohelenium showed activity only against
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E. coli, M. morganii and B. subtilis. Although only methanol extract showed activity against Y.
enterocolitica, water extract showed no antibacterial activity. Also, it was determined that the extracts
did not show antifungal activities [7]. Ethanol (EtOH) extracts obtained in the present study showed
the best effect on Gr+ and Gr- bacteria and fungi, while water (PW) extracts showed only antifungal
activity. It was also determined that leaf extracts showed better antimicrobial activity compared to
root extracts.

Also, it is already known that curcumin exhibits antimicrobial activity against a wide variety of
bacteria and fungi [15]. Gr+ bacteria exhibit a significantly higher susceptibility to curcumin than Gr-
ones [16]. In the present study, only the presence of curcumin was detected in EtOH extracts. In the
light of these data, it is considered that the antibacterial activity in EtOH extracts may stem from
curcumin. Also, it was found that EtOH extract affected Gr+ more than Gr- ones.

2.3. Antioxidant Results

2.3.1. DPPH: Scavenging Activity

The DPPH radical scavenging activities of L-EtOH, L-PW, R-EtOH, and R-PW extracts were
compared with the data of BHA and BHT standard antioxidants. According to our results, it was
found that the highest radical scavenging activity was found in the leafs, followed by the roots.
Although L-EtOH extract exhibited better activity than L-PW, the opposite was experienced in roots.
However, the leaf and root extracts exhibited much higher activity than the standards (Figure 1a).
The DPPH radical scavenging percentages our samples whose activities increased depending on the
concentration in 100 pL were listed as follows; L-EtOH: 53.12% > L-PW: 41.49%> R-PW: 31.15%> R-
EtOH: % 15.0> BHA: 13.64%> RHT: 8.25%.

It is already known that plants that are rich in phenolic compounds have very strong effects in
scavenging free radicals. In this context, it was reported that Inula species that contain secondary
metabolites deactivate free radicals by providing hydrogen [17]. In the literature review, it was found
that the results of studies of different taxa of this species and the same genus supported the results of
this study. In a previous study [7] that investigated the antioxidant features of 4 different taxa of L.
helenium species, methanol, ethanol, ethyl acetate, and water extracts were used. According to the
results of the study, although all the extracts showed performance very close to the standard
antioxidant (BHT), it was reported that the ethyl alcohol extract exhibited the highest activity. In the
study that was conducted by Berk et al. [18], according to the results of the DPPH scavenging activity
of the water extract of the plant of the genus Inula, the activity of the extracts increased gradually
depending on the concentration. It was reported in another study conducted on I. helenium [19] that
pure water extract exhibited better activity than ethanol, which is similar to the results of the present
study in removing DPPH radicals from the root extract. According to the results of a study that was
conducted with different species of Inula (I. anatolica, 1. britannica, I. inuloides, I. oculus-christi, I.
peacockiana, 1. sechmenii, I. thapsoides and I. viscidula), the extracts have strong free radical scavengers
[20]. It was reported in another study that Inula viscosa has very strong effects on scavenging DPPH
radicals [21].

2.3.2. ABTS* Scavenging Activity

According to the ABTS radical scavenging activity results, it was found that all extracts showed
activity close to or higher than the standards (Figure 1b). Also, the activity of L-PW and R-PW extracts
was found to be higher than that of L-EtOH and R-EtOH extracts. When the fact that ethyl alcohol
also partially causes the production of free radicals [29], it is an expected condition that pure water
extracts will have better radical scavenging effects. The percentages of ABTS radical removal in 100
uL of the samples whose activities increase depending on the concentration are listed as follows; R-
PW:96.6% > L-PW: 95.9%> BHA: 95.8% >BHT: 93.2% > L-EtOH: 86.5%> R-EtOH: 86.4%.

Although there are a limited number of studies in the literature on the ABTS radical scavenging
activity of this species, the results of some previous studies conducted with different species are
similar to the results of the present study. According to the results of the study that was conducted
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by Petkova et al. [19], ABTS radical scavenging activity of 1. oculus-christi L. pure water extracts was
found to be higher than that of ethanol extract, and it was reported that the activity of the extracts
increased in a dose-dependent manner. Also, ABTS radical scavenging activity of the methanol
extract of the leaf, root, and flower parts of the plant was evaluated in a thesis for a different species
of the genus Inula [22]. According to the results, it was found that the root methanol ABTS removal
activity was higher than leaf methanol activity. We believe that the reason why the results of this
study were not similar to the results of the present study may be because of different species and
solvents used.

2.3.3. Ferric Reducing Activity Power (FRAP)

As a result of Fenton Reaction, the free Fe*3 ions in the medium are transformed into OH, which
is the strongest free radical [23]. For this reason, the FRAP Method was used to measure the
conversion of Fe*3 ion to more stable Fe*2 ion. According to the results of the study, it is possible to
speculate that the iron ion reducing capacities of the samples generally increase depending on the
concentration (Figure 1c). The order of reduction of the extracts and standards at 100 plL concentration
was as follows; BHA> BHT> R-EtOH > L-PW > R-PW> L-EtOH.

In their study, Orhan et al. reported that Inula helenium extract is a strong reducing agent with
activity close to ascorbic acid, which is used as a standard [24]. In a study that was conducted with a
plant of the genus Inula [18], BHA and BHT were used as standard antioxidants, and it was reported
that the reducing power of the extracts increased depending on the concentrations with lower activity
rates than the standards. The results of the present study show similarities with the results of this
study. Orakc1 conducted a study in 2014 on a different species of the Inula plant in his study [25].
According to the results of his study, it was reported that the total reducing power of the extracts
increased depending on the dose. This is also consistent with the results of our study.

2.3.4. Cupric Reducing Activity Power (CUPRAC)

As seen in Figure 1d, the copper reducing capacities of the extracts and standards generally
increased depending on the concentration. The order of reduction of the extracts and standards at
100 pL concentration was as follows; BHT> BHA> L-PW > R-EtOH > R-PW> L-EtOH. In a study that
was conducted with different Inula species, the Cu*? ion reducing capacities of the extracts were
examined according to the CUPRAC Method, and it was reported that all of them had very strong
reducing capacities [20]. In the study that was conducted by Petkova et al. [19], a different species of
Inula plant was examined, and according to the results, it was reported that the pure water extract
showed better activity than the ethanol extract, and the reducing power of the extracts increased
depending on the concentration. When the results of our study were evaluated, it is possible to argue
that they are similar to the results of this study.
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Figure 1. Antioxidant activities of extracts and standards (BHA and BHT); a: DPPH radical
scavenging activity b: ABTS radical scavenging activity c: Ferric reducing activity power d: Cupric
reducing activity power,e: Total antioxidant activity.

2.3.5. Determination of Total Antioxidant Activity

The Thiocyanate Method was used to determine the total antioxidant capacity of the extracts,
and the results were compared with the BHA and BHT standards. The absorbance of the samples
was taken every 10 hours, and the experiment was ended when the control reached the maximum
absorbance at 40th hour (Figure 1e). The lipid peroxidation destruction percentages of the extracts
and standards at 100 pL concentration are listed as follows; BHA: 64.02% L-EtOH: 62.73% >BHT:
61.37% > R-EtOH: 43.26% L-PW: % 31.46> R-PW: 28.65%.

It was reported previously that the antioxidant potential of I. mentbretiana and I. vicosa extracts
was higher than that of Trolox, a standard used for antioxidant potential assays [24]. According to
the results of a study that was conducted with I oculus-christi L. the percentage of the lipid
peroxidation destruction of the extracts was found to be very close to that of the BHA and BHT
standards [18]. This is similar to the results of the present study.

Preventing ferric and copper ions accumulating in the organism is very important in preventing
oxidative damage. Free ferric and cupric ions transform into highly reactive superoxide and hydroxyl
radicals due to Fenton and Haber-Weiss reactions. These radicals, which are very reactive, play a role
in the formation of various diseases [26]. According to the results, it was determined that the extracts
were generally effective in reducing iron and copper ions. DPPH and ABTS radical scavenging
methods, which are radical removal methods, are among the most preferred methods by researchers
because the analysis takes a short time, gives quick results and is reliable [27]. According to the data
results, it was determined that the extracts performed close to or higher than standard antioxidants.
Peroxidation, which occurs as a result of the reaction of free radicals with lipids, leads to various
diseases [28]. In this method, where lipid peroxides were removed according to the thiocyanate
method, it was determined that L-EtOH extract especially strongly scavenged peroxides.

2.4. DNA Protective Activity

If a strand of the super-helicoid structure (Form I) is broken when a molecule interacts with the
super-helicoid plasmid DNA, the DNA transforms into unfolded circular DNA (Form II), which
moves more slowly in the gel. If both strands are broken, the linear form DNA structure (Form III) is
formed [29]. The changes caused by the extracts in DNA structure can be determined by observing
Form I, Form II, and Form III transformation.
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The DNA protective activity of I. helenium subsp. pseudohelenium L-EtOH, L-PW, R-EtOH, and
R-PW extracts was tested by using pBR322 plasmid DNA. In to this method, the ability of extracts at
different concentrations to prevent DNA damage was evaluated in the presence of H202 and DMSO,
which are the factors causing damage to DNA. The image obtained as a result of the test that was
done for the extracts in the present study is given in Figure 2.

DNA+ H,0,+DMSO
DNA+DMSO

DNA+ H,0 +EtOH (100)
DNA+ H,0 +EtOH (50)
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Figure 2. a) Electrophoresis imaging of DNA protective activities of EtOH and PW extracts obtained
from I. helenium leaves; b) Electrophoresis imaging of DNA protective activities of EtOH and PW
extracts (mg/mL) obtained from I. helenium roots.

According to the obtained gel image, it was found that H20> decomposed Form I, and completely
destroyed the DNA along with DMSO; and DMSO alone had a partial effect on DNA. It was
determined that the L-EtOH extract stabilized the DNA after disrupting the scavenging effect of
H202+DMSO. It was also determined that only L-EtOH extract did not cause any damage to DNA;
and L-PW extract eliminated the scavenging effect of H20+DMSO on DNA partially, and stabilized
Form I and Form III; and when the L-PW extract was applied alone, it kept the DNA more stable.

It was found that the R-EtOH extract did not make any contribution to the scavenging effect of
H202+DMSO, and also, only the R-EtOH extract had a scavenging effect when applied on DNA. It
was observed that the R-PW extract eliminated the scavenging effect of H2O+DMSO on DNA and
stabilized Form Il and Form III. It was also determined that when the R-PW extract was applied alone,
it kept the DNA more stable.

In a study that was conducted in Turkey, it was investigated whether the aqueous extract of the
aerial parts of the plant of the genus Inula that was collected from the city of Sivas had protective
effects against in vitro DNA damage. It was reported that the water extract had protective effects on
the pBR322 DNA plasmid, which was damaged with H202 and UV radiation [18]. There are limited
studies conducted on DNA damage of the genus Inula in the literature. Although the results obtained
in the present study were similar to the literature, it was found that the ethanol extract obtained from
the roots showed destructive activity on DNA.

2.5. Antiproliferative Activity of The Extracts Against Cell Lines

The solutions of the extracts that had three different concentrations (0.1, 0.2 and 0.5 mg/mL) were
treated with HT-29, MCF-7, and L-929 cells for 24 hours, and their absorbance was measured
spectrophotometrically. The % inhibition values of the cell lines were calculated with the measured
absorbances. The inhibition of the cell proliferation was determined with the MTT Test; and %
inhibition graphs of the cell lines are given in Figure 3.
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Figure 3. Inhibition values (%) of I. helenium subsp. pseudohelenium L-EtOH, L-PW, R-EtOH and R-PW
extracts on cell line proliferation at the end of 24 hours.

A highly significant difference was detected against the HT-29 cell line when compared to L-PW
extract at 2 mg/mL concentration and L-PW extract at 1 mg/mL concentration when compared to L-
EtOH. Also, R-EtOH extract exhibited highly significant differences from R-PW extract at all
concentrations. It was also found that L-EtOH extract showed highly significant differences against
MCE-7 and L-929 cell lines when compared to L-PW, and R-EtOH extract compared to R-PW at all
concentrations. When considered in general terms, it was determined that ethanol extracts had higher
antiproliferative features than pure water extracts in all cell lines.

Inula species have widespread medical usage areas, and is known for its biological activities such
as anticancer, antitumor, hepatoprotective, and cytotoxic [5]. Previous studies reported that Inula
extracts exhibit in vitro cytotoxic effects on various cancer cells (colon, melanoma, ovary, prostate,
lung and leukemia) [30,31]. In the present study, the in vitro cytotoxic effects of L-EtOH, L-PW, R-
EtOH, and R-PW extracts of I. helenium subsp. pseudohelenium of Inula genus that has anticancer effects
on HT-29, MCF-7, and L-929 cell lines were determined.

It was reported that the extracts of I. helenium had the highest hexane extract against MK-1, HeLa,
and B16F10 tumor cells, ethyl acetate and butanol extract exhibited very low inhibitory activity, and
the aqueous extract did not show any activity [32]. It was also reported that the methanol extract of
I. viscosa, which belongs to the genus Inula, exhibited better antiproliferative activity against MCF-7
and T98-G cells than the aqueous extracts [9]. The methanol extract of the same plant showed
cytotoxic effects against SiHa and HeLa [33,34], and the ethanol extract of its flowers showed
cytotoxic effects against Vero [35] cell lines. The variation of the cytotoxic effects of plants of the same
genus may be because of the chemical composition of the plants in the harvest area and climate [36].
Also, it is considered that the solvent used in the extraction process affects the content and biological
activity of the extract directly [35]; and it is already known that different solvents used for plant
extraction show different molecules in the extract depending on the solvents used [37]. In the present
study, the antiproliferative activities of I. helenium extracts grown in different areas obtained from
different solvents varied as in the literature. Also, the better activity of the EtOH extract compared to
the PW extract may be because of the fact that the solvent releases different molecules in the plant.

Curcumin has shown various anticancer effects by suppressing cell proliferation and metastasis
and inducing cell death in various cancer types. Curcumin exhibits protective effects against cancer
formation [38,39]. Also, it is already known that curcumin supplementation shows therapeutic
benefits in clinical trials in patients with colorectal, pancreatic, and breast cancer [40]. According to
the data at hand, EtOH extracts exhibited better anticancer activity than PW extracts especially
against MCF-7 cell line. It is considered that this is provided by the curcumin in the EtOH extract.
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3. Materials and Methods

3.1. Collection and Extraction of Plant Samples

I. helenium subsp. pseudohelenium plant was collected in Cogiirli village of Mus. The
identification of the collected plant samples according to the Flora of Turkey was performed by Murat
Kursat (Bitlis, Turkey). The plant samples were turned into herbarium material, and are now stored
in Mus Alparslan University, Central Research Laboratories Application and Research Center. The
leaves and roots of the plants were removed and left to dry in shade. I. helenium subsp. pseudohelenium
leaf ethanol (L-EtOH), leaf pure water (L-PW), root ethanol (R-EtOH), and root pure water (R-PW)
extracts were prepared as in the previous study of ours [41].

3.2. Phenolic Analysis with HPLC

Ascorbic acid, gallic acid, 3,4-dihydroxybenzoic acid, 4-hydroxybenzoic acid, trans-p-coumaric
acid, myricetin, abscisic acid, quercetin, apigenin, kaempferol, curcumin, catechol, vanillin, caffeic
acid, cinnamic acid, rosmarinic acid, and salicylic acid standards were used to determine the phenolic
substance amount. The necessary procedure and information to load I. helenium subsp.
pseudohelenium extracts to HPLC were given in our previous study [42].

3.3. Determination of Antimicrobial Activity

I. helenium subsp. pseudohelenium L-EtOH, L-PW, R-EtOH and R-PW extracts were dissolved in
0.2, 0.4, and 0.8 mg/ml in dimethyl sulfoxide (DMSO), and the antimicrobial activity investigations
were performed by using the Hollow Agar Method [41]. Bacillus subtilis ATCC 6633, Staphylococcus
aureus ATCC 25923 and Bacillus megaterium DSM 32, Enterobacter aerogenes ATCC 13048, Eshericha coli
ATCC 11229, Pseudomonas aeroginosa ATCC 9027 and Klebsiella pneumonia ATCC 13883, Yarrowia
lipolytica, Candida albicans ATCC 10231 and Saccharomyces cereviciae were used in the study. These
microorganisms were obtained from Mus Alparslan University Central Laboratory. The turbidity of
the standard bacteria and yeasts (10¢ CFUs/ml) was adjusted according to the Mc Farland 0.5
standard. Erythromycin (E-15), Ampicillin/Sulbactam (SAM-20), Rifampicin (RD-5), Amikacin (AK-
30), and Fluconazole (FCA-25) antibiotic discs were used to compare the antimicrobial effects of the
extracts used.

3.4. Antioxidant Assays

3.4.1. DPPH Scavenging Activity

The free radical scavenging activities of the extracts were performed according to the previous
study of ours [42]. The extract and standard antioxidants at 25, 50, and 100 pg/mL concentrations
were diluted with 3 mL ethanol, and 1 mL 0.1 mM DPPH radical solution was added. After the
samples were vortexed, they were left for incubation for 30 minutes. Finally, their absorbances were
taken at 517 nm in a spectrophotometer (Schimadzu, 1800). The DPPH radical scavenging
percentages of the extracts and standards were calculated with the help of the following equation:

) ) ) A sample
DPPH radical scavenging capacity (%) = (1 - ) X100

A control

3.4.2. ABTS* Scavenging Activity

The ABTS radical cation (ABTS**) was produced after reacting a 7 mM stock solution of ABTS
with 2.45 mM potassium persulfate and incubating the mixture in the dark at room temperature for
12 hours before using. The ABTS** solution was diluted with methanol to yield an absorbance of 0.7
+ 0.01 at 734 nm. The plant extracts and fractions (1 mL) were allowed to react with 2 ml ABTS+
solution, and the absorbance was measured at 734 nm after 1 min [43].
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3.4.3. Ferric Reducing Activity Power (FRAP)

The FRAP Analysis was performed after modifying the method that was applied by Oyaizu [44].
The plant extracts and standards at different concentrations were made up to 1 mL with pure water,
and 0.2 M phosphate buffer (pH 6.6) was added along with 2.5 mL potassium ferric cyanide
[KsFe(CN)s] solution (1%). This mixture was kept at 50°C for 20 minutes. Following these procedures,
2.5 ml 10% trichloroacetic acid (TCA) was added to the reaction mixture, and 2.5 ml supernatant of
the solution was taken, and after 2.5 ml of pure water, 0.5 ml FeCls were added, and the absorbance
was read at 700 nm against the blind.

3.4.4. Cupric Reducing Activity Power (CUPRAC)

A total of 0.1 mL of sample solution was taken, and the volume was made up to 1 mL with
methanol, and 1 mL CuClz (0.01 M), neocuprine (7.5x10- M), and ammonium acetate solutions were
added and mixed with vortex. After 30 minutes at room temperature, the absorbance value was read
at 450 nm in the spectrophotometer [45].

3.4.5. Determination of Total Antioxidant Activity

Total antioxidant activity was determined according to the Thiocyanate Method [46]. The
volume of the samples at 25, 50, and 100 pg/mL concentrations was made up to 2.5 ml with buffer
solution, and 2.5 ml linoleic acid was added to the tubes. For control, 2.5 ml buffer solution of linoleic
acid was used. Incubation was performed at 37°C, and 100 ul was taken from these tubes every ten
hours, placed in test tubes that contained 4.7 ml ethanol, and 100 ul of Fe? and 100 pul SCN- solution
were added. The absorbances of the samples at 500 nm were read against the blind.

3.5. Effects of Extracts on DNA

The effect of plant extracts on pBR322 plasmid DNA was determined with the Agarose Gel
Electrophoresis Method. The plant extracts were prepared with DMSO at 100, 50, and 25 mg/ml
concentrations. The procedure for mixing, incubation, and imaging of the samples by loading on
agarose gel was performed according to the previous study of ours [41,42].

3.6. Antiproliferative Activity of Extracts

In the present study, human colon cancer cell line (HT-29), human breast cancer cell line (MCEF-
7), and healthy mouse fibroblast (L-929) cell lines were used. Cell lines were obtained from Mus
Alparslan University Central Research Laboratories Application and Research Center. Dulbecco’s
Modified Eagle Medium (DMEM) was used as the broth medium for these cell lines. I. helenium subsp.
pseudohelenium extracts were prepared in DMEM at 1, 2, and 5 mg/ml concentrations, and 3-(4,5-
dimethyl-thiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) test was applied to determine the
cytotoxicity levels [47]. For the MTT test, 5x103 cells in 100 uL medium in each well of 96-well plate
were counted with a cell count device, and were then inoculated. The inoculated cells were incubated
for 24-48 hours in a 5% CO:z incubator; and 100 pl of the diluted extracts were added to the cell lines.
Only 100 pl of medium was added to the cells in the control wells. Samples were incubated for 24
hours, after which the broth medium in the wells was removed with the help of a vacuum pump; and
10 pl of MTT solution and 90 pl of broth medium were added to each well, and left in an incubator
that had 5% COz: at 37°C for 4 hours. The broth medium that had MTT was removed from the medium
after 4 hours; and 100 ul Dimethylsulfoxide (DMSO) was added to each well, and their Optical
Density (OD) was measured with a microplate reader (Thermo scientific MULTISKAN GO, Finland)
at 540 nm wavelength. A cell line broth medium without sample was used as the control group. The
average of the absorbance values that were obtained by reading the control wells was taken, and this
value was accepted as 100% viable cells. The % inhibition rates of the cells were calculated with the
help of the following formula.

doi:10.20944/preprints202311.0484.v1
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0Dsample

% inhibition = 1 — ( >X100

ODControl

3.7. Statistical Analysis

The results were given as %, mean, and standard error of mean (Mean +- SEM). The phenolic
substance amount was compared between themselves, and antimicrobial activity was compared with
the results of the standard antibiotics (Erythromycin, Ampicillin/Sulbactam, Rifampicin, Amikacin,
and Fluconazole) by using Tukey’s Multiple Comparison and t test after One-Way ANOVA. Those
with p<0.05 were considered to be statistically significant, and statistical significance level was
indicated with the symbol “*”. In this respect, P<0.05 (significant); *, P<0.01 (very significant); **,
P<0.001*** and P<0.0001**** (extremely significant) and P>0.05 (not significant) ns.

4. Conclusions

It has great importance to determine the biological activities of medicinal plants that are used in
traditional medicine as household remedy and to use these in modern medicine. The antimicrobial,
antioxidant, anticancer, DNA-protective activities and phenolic content of pure water and ethanol
extracts obtained from the leaves and roots of Inula helenium subsp. pseudohelenium plant were
investigated in the study. According to the HPLC Analysis results, although all of the extracts did
not contain gallic acid, it was found that only EtOH extracts contained curcumin. EtOH extracts
exhibited antibacterial and antifungal activity, and PW extract exhibited only antifungal activity, and
L-EtOH showed the best antimicrobial activity. According to the antioxidant results, it was found
that L-EtOH extract scavenged DPPH radicals more than standard antioxidants, and exhibited
activity close to the standards in removing ABTS radicals. It was also found that the strongest extract
in inhibiting lipid peroxides was L-EtOH. However, according to the FRAP and CUPRAC Test
results, it was determined that the L-EtOH extract had a more moderate effect. It can be argued that
the reason for this is related to the fact that the chelating feature of the extract is higher than its
reducing feature. Only the L-EtOH extract stabilized the DNA after disrupting the scavenging effect
of H20:4DMSO. According to the anticancer activity results of the extracts, EtOH extracts exhibited
the strongest effects especially against MCF7. When the results were evaluated in general, it was
found that L-EtOH extract showed better activity than other extracts. In future studies, our purpose
is especially to isolate and purify the active components of the L-EtOH extract, and to investigate
their effects on more different cancer cells. However, more in vivo and in vitro studies are required to
explore the full mode of action of the active ingredients of extracts such as L-EtOH.
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