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Abstract: In this study, we investigated the phytochemical composition, antioxidant, antimicrobial, and
antigenotoxic properties of the aqueous extract of Dianthus carmelitarum for the first time. The phenolic and
volatile compounds, antioxidant, antimicrobial and antigenotoxic activities of the extract were determined by HPLC
and SPME-GC-FID/MS, spectrophotometric, agar well diffusion methods and comet assay, respectively. The
polyphenolic content and ferric reducing power values of the extract were found 12.6 + 0.27 mg gallic acid and 238
+ 2.89 uM trolox equivalents per g sample, respectively. Syringaldehyde and chlorogenic acid were detected as
major phenolic compounds, while terpenes were determined as major volatile compound. Dianthus carmelitarum
extract especially exhibited moderate antimicrobial activity against Mycobacterium smegmatis. Extract reduced
H,0,-induced DNA damage in a concentration dependent manner in fibroblast cells compared to positive control
(only 20 uM H,0, treatment). Dianthus carmelitarum can be considered in the food, cosmetic, and drug industries
due to its antioxidant, antimicrobial, and antigenotoxic activities.
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1. Introduction

Dianthus which is a medicinal plant, belongs to family of Caryophyllaceae and includes more than
300 species [1]. There have been reported 76 Dianthus species from Turkey, and 33 species of them are
endemic (including Dianthus carmelitarum) [2,3]. Dianthus species have been used in traditional
medicine to treat chronic pains, urinary infections, carbuncles, menostasis, gonorrhea, cough, liver
diseases, and some types of cancer [1,4]. Dianthus species are rich in phenolic (kaempferide, quercetin,
kaempferol, apigenin, luteolin, acacetin, naringenin, and their glycosides), and volatile compounds
(monoterpene and sesquiterpene hydrocarbons) [1,5]. Dianthus species and their isolated compounds also
exhibit antibacterial, antifungal, cytotoxic, antioxidant, and antidiabetic activities due to the above
mentioned compounds [4,6-8].

Oxidative stress, which is the corruption case of the balance between reactive oxygen species
(ROS) formation and antioxidant defense in the direction of the oxidants and leads to cellular damage.
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DNA is an important target of ROS, and ROS induced-DNA damage is in a close relationship with many
pathological situations, such as cancer, cardiovascular diseases, and diabetes. Plants involve many
antioxidant components, such as polyphenolic and volatile compounds, and these compounds preserve
cells against the deleterious effects of ROS. The antioxidant effect of these compounds is explained to
their ability to donate electrons to ROS, chelating metal ions, and stimulate antioxidant enzymes. In
recent years, exploration of new natural antioxidants is therefore a popular research area in world, and
traditional medicine is seen as a starting point for new discoveries [9,10].

Pathogenic bacteria are considered as a main reason of morbidity and mortality in people. Although
many antibiotics are produced by drug industries in every year, resistance to these drugs by
microorganisms has increased day by day. Due to the increase of resistance to antibiotics, new strategies
are needed to overcome this problem. Plants are considered as substantial source of new antimicrobial
agents due to both their useful properties, such as low toxicity, safety, efficiency, and using in the
treatment of infectious diseases in folk medicine for centuries [11,12].

Phytochemical characterisation and various biological activities of different Dianthus species have
been demonstrated by some reports before. For instance, Ding et al. isolated some compounds, such as
benzoic acid, kaempferol, quercetrin, 3,5,7-trihydroxy-3’,5’-dimethoxyflavone, trans-p-coumaric acid
from D. superbus [13], while Yu et al. demonstrated that antioxidant and cytotoxic properties of various
fractions of ethanolic extract of D. superbus. Especially, ethyl acetate fraction shows strongest
antioxidant activity than the others according to DPPH radical, superoxide anion, and hydroxyl radical
scavenging activity, total phenolics, and reducing power assays. Moreover, ethyl acetate fraction exhibits
antiproliferative activity in human liver cancer cells through inducing mitochondrial apoptosis pathway
and caspase activity in the same study [4]. In addition, ethanolic extract of D. coryophyllum shows
moderate antibacterial effect against E. coli, B. subtilis, S. aureus, S. epidermidis, and P. aeruginosa and
antifungal effect against 4. niger and C. albicans [6]. Interestingly, it is reported that hydroethanol extract
of D. basuticus can cause alterations in food and water consumption, but produce no consistent change in
haematological, biochemical, and histopathological parameters in rats [14]. The result of mentioned study
may be seen a starting point for various in vivo trials of Dianthus extracts. Hovewer, there is no study
about neither phytochemical composition nor biological effect of D. carmelitarum in the literature.
Therefore, the purpose of the current study was to determine phenolic and volatile composition,
antioxidant, antimicrobial, and antigenotoxic activities of aqueous extract of D. carmelitarum for the first
time.

2. Materials and Methods

2.1. Reagent

Folin reagent, methanol, ethanol, sodium carbonate, 2,4,6-tri(2-pyridyl)-s-triazine (TPTZ), iron
(1) chloride, potassium acetate, trolox, 2,2-diphenyl-2-picrylhydrazyl hydrate (DPPH), agarose, sodium
chloride, sodium hydroxide, hydrogen peroxide (H,O,), ethylenediaminetetraacetic acid, tris base, triton
X-100, trypan blue, butylated hydroxytoluene (BHT), and phosphate buffer saline (PBS) tablets were
purchased from Sigma-Aldrich (St. Louis, MO, USA). Acetonitrile, acetic acid, hydrogen chloride, and
dimethyl sulfoxide (DMSQO) from Merck (Darmstadt, Germany). All solvents used were HPLC grade.
Chemicals and reagents were ACS grade or higher. Mueller Hinton (MH) broth, brain heart infusion agar
(BHA), and sabouraud dextrose agar (SDA) was from BD Difco (Detroit, MI, USA). Penicillin-
streptomycin and trypsin from Biological Industries (Kibbutz Beit HaEmek, Israel). Eagle's minimum
essential medium (EMEM) and fetal bovine serum (FBS) was purchased from Lonza (Verviers, Belgium)
and Biochrom (Berlin, Germany), respectively.

2.2. Plant Material and Extraction
Samples of D. carmelitarum were collected from Sinop, Turkiye. VVoucher specimen was deposited

at the herbarium of the Faculty of Pharmacy, Ankara University, Turkiye with the herbarium number of
AEF-26695. The aerial parts of the plant were air-dried at 25°C for 20 days and powdered using blender
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and milling into fine powder. The powder of the plant material was stored as packed in freezer bags at -
20°C until tested. For preparing stock aqueous extract of D. carmelitarum, 1 g powder of the plant
material was weighed and mixed with 20 mL distilled water and then mixture was continuously stirred at
25°C for 24 h. After that, the suspension was removed by centrifuging at 10000xg for 15 min. Then, the
supernatant was concentrated using a rotary evaporator (IKA-Werke RV05 Basic, Staufen, Germany). A
far amount residue was diluted with methanol, was filtered with 0.45 pm filter, and was used for HPLC
analysis of phenolic compounds. The remained dry residue was resolved with distilled water and filtered
with 0.2 pm filter then stored in 4°C until used for antioxidant, antimicrobial, and antigenotoxicity
experiments.

2.2.1. Estimation of Total Phenolic Content (TPC)

Content of total phenolics of the extract was established by the spectrophotometric method [15]
using gallic acid as a standard. The quantity of phenolic compounds was indicated as mg of gallic acid
equivalents (GAE)/g sample.

2.2.2. Ferric lon Reducing Antioxidant Power (FRAP)

The reducing power of the extract was established by FRAP assay [16] using trolox as a standard
and the results were indicated as uM trolox equivalents (TE)/g sample.

2.2.3. Free Radical Scavenging Activity

The free radical scavenging activity of the extract was established by DPPH assay [17] using BHT
as a standard antioxidant compound. The percent reduction of the DPPH radical was calculated using the
following equation:

DPPH inhibition (%) = 100 - (Asampie/ Acontror) * 100
The SCs, value (the concentration of compound required to reduce the absorbance of DPPH by 50%) was
estimated graphically in five different concentrations. SCs, value of extract was stated as mg/mL.

2.2.4. Cupric Reducing Antioxidant Capacity (CUPRAC) Assay

Cupric reducing antioxidant capacity of extract was determined using their cupric ion reducing
capability in the presence of neocuproine [18] and results were indicated as pM trolox equivalents (TE)/g
sample.

2.3. Determination of Phenolic Compounds by RP-HPLC

Thirteen standards were used for HPLC analysis as follows; gallic acid, protocatechuic acid,
protocatechuic aldehyde, p-OH benzoic acid, chlorogenic acid, vanillic acid, caffeic acid, vanillin, syring
aldehyde, p-coumaric acid, ferulic acid, sinapic acid, and benzoic acid. Previously, a stock solution of
each standard (50 ug/mL) was prepared and filtered through 0.45 um membranes. A stock solution was
prepared by mixing all standard solutions (50 pg/mL). To make calibration curve, the stock solutions of
mixed standards were diluted in the concentrations range of 2.5-50 ug/mL.

HPLC analysis of phenolic compounds was performed using a reverse phase column (250 x 4.6
mm i.d, 5 um) (Waters Spherisorb, Milfort, MA, USA), on a gradient program with two solvents system
[A: 2% acetic acid in water; B: 0.5% acetic acid in acetonitrile:water (1:1)] at a constant solvent flow rate
of 1.2 mL/min on a HPLC system (Shimadzu Corporation, LC 20 AT, Kyoto, Japan). Injection volume
was 20 pL. The signals were detected at 232, 246, 260, 270, 280, 290, 308, and 328nm by diode array
detector (DAD) detection with column temperature at 25°C. The determination of phenolic compounds of
the extract was carried out using the same HPLC conditions. Peaks were detected by comparing retention
time of known phenolic standards. To verify the repeatability of the method, the extract was run
triplicates. The method validation was evaluated in terms of linearity, detection limits, quantification
limits, recovery, precision, and selectivity according to the ICH guidelines [19]. At least five different
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concentrations of phenolic compounds mixture solution in the range of 2.5-50 pg/mL were analyzed in
five replicates. The peak areas were plotted against each concentration of the mixture solutions to
establish a linear regression equation and to identify value of correlation coefficient. The values of limit
of detection (LOD) and limit of quantification (LOQ) were assigned using the signal-to-noise method. A
signal-to-noise ratio (S/N) of threefold is accepted to evaluate LOD and signal-to-noise ratio of tenfold is
used for to evaluate LOQ. Three different concentrations of mix solutions (5, 25, and 50 pg/mL) were
applied triplicates for determination of recovery. The recovery was evaluated as mean and standard
deviation of percent known amount. The intra-day and inter-day precision were identified as the relative
standard deviation (%RSD) of retention times and % peak areas with three different concentrations, three
replicates by the standards mix solutions for two distinct day. The method selectivity was appraised by
the resolution study betwen the standarts peaks.

2.4. Solid-Phase Microextraction (SPME)

A manual SPME apparatus including fiber (polydimethylsiloxane/divinylbenzene) was obtained
from Supelco (Pennsylvania, USA). The SPME fibers were conditioned for 5 min at 250°C inside the GC
injector. Subsequent assays were performed on the basis of a conditioning time of 4 min of desorption
following all extractions. Extractions were carried out at 50°C using incubation and extraction times 5
and 10 min, respectively. Each sample was analyzed individually and means were calculated.

2.5. Gas Chromatography-Mass Spectrometry (GC-MS)

GC analysis performed using a gas chromatography device (Shimadzu GC 2010 Plus, Kyoto,
Japan) attached to a mass selective detector (Shimadzu QP2010 Ultra, Kyoto, Japan) according to
previously described method [20]. Separation was carried out using a Restek Rxi-5MS capillary column
(Bellefonte, PA, USA) 60 m length, 0.25 mm i.d. and a 0.25 pm phase thickness in split mode. Carrier
gas was helium (99.99%) at a constant flow rate of 1 mL/min. Volatile compounds were compared to
their retention index (RIs) (relative to C7-C30 alkane standards) for identification. Mass spectral data
were compared to those held in the FFNSC1.2 and W9N11 library of mass spectra. Finally, all findings
were compared against the relevant data in the literature [21].

2.6. Antimicrobial Activity Assessment

All tested microorganisms were obtained from Refik Saydam Hifzissihha Institute (Ankara,
Turkey). These were Escherichia coli (ATCC 25922), Yersinia pseudotuberculosis (ATCC 911),
Pseudomonas aeruginosa (ATCC 43288), Staphylococcus aureus (ATCC 25923), Enterococcus faecalis
(ATCC 29212), Bacillus cereus 709 ROMA, Mycobacterium smegmatis (ATCC 607), Candida albicans
(ATCC 60193), and Saccharomyces cerevisiae (RSKK 251).

Simple susceptibility screening test using agar-well diffusion method as adapted earlier was
performed [22]. All bacteria were suspended in MH broth except M. smegmatis which was augment in
BHA. For yeast-like fungi SDA was used. Each microorganism was diluted to approximately 10° colony
forming units per mL. They were "flood-inoculated" onto the surface of MH and SDA and then dried.
Five-millimeters diameter wells were cut from the agar using a sterile cork-borer, and 50 pL of the extract
was delivered into the wells. The plates were then incubated for 18 h at 35°C. Antimicrobial activity was
determined by comparing the minimal inhibition concentration (MIC) values (ng/mL) against the test
organism. Ampicillin (10 ug), streptomycin (10 ug), and fluconazole (5 pg) were used as standard drugs
and were solved with DMSO. DMSO was therefore used as a vehicle control.

2.7. Cell Culture

Human foreskin fibroblast cells were purchased from American Type Culture Collection
(Manassas, VA, USA). Cells were grown in EMEM supplemented with 10 % FBS, 2 mM glutamine, 1%
antibiotic solution at 37°C.
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2.7.1. Determination of H,O, Concentration

Fibroblast cells were seeded into T-25 flasks at a density of 2x10° cells per flask. After 24 h, cells
were incubated with 10-30 uM H,O, for 5 min to determine the optimum damaging concentration. After
incubation, cells were washed, trypsinized, and centrifuged for comet assay.

2.7.2. Determination of Extract Concentration

Cells were pre-incubated with various concentrations of D. carmelitarum extract (100, 250, and
500 pg/mL) for 60 min. After that, flasks were washed with PBS, and the cells were incubated with 20
uM H,0, for 5 min. Following incubation, flasks were washed, trypsinized, and centrifuged for comet
protocol.

2.7.3. Cell Viability

Trypan blue dye-exclusion test was used for evaluation of cell viability [23]. After treatments and
trypsinizations, the cell suspensions were mixed with trypan blue solution and cell viabilities were
determined by direct counting of cells in a neubauer chamber under an inverted microscobe (Nikon
Eclipse TS100, Tokyo, Japan). A hundred of cells were counted per group and experiment was run in
triplicate.

2.7.4. Comet Assay

The alkaline version of comet assay was used for determination of DNA damage [24] with slight
modifications. 75 pL of cell suspension was mixed with 75 uL of 1% low melting agarose, and rapidly
spread on the slides pre-coated 0.75% normal melting agarose. The slides were covered with coverslips,
and agarose layer was allowed to solidify at 4°C for 5 min. After that, slides were steeped into fresh
lysing solution (2.5 M NaCl, 100 mM Na,EDTA, 10 mM Tris, and 1% (v/v) Triton X-100) for 1 h at 4°C.
Then, the slides placed into a horizontal gel electrophoresis tank filled with fresh electrophoresis buffer
(300 mM NaOH, 10 mM Na,EDTA, and 1% (v/v) DMSO, pH:13.1). The slides were left for 30 min to
allow unwinding of DNA. Electrophoresis was then carried out in the same buffer for 25 min at 1 V/cm,
and 300 mA. After electrophoresis, the slides were incubated 15 min in fresh neutralization buffer (0.4 M
Tris buffer, pH:7.5), before staining with ethidium bromide (20 ug/mL). For each treatment condition,
100 randomly selected cells from each slide were evaluated visually using a fluorescent microscope
(Nikon Eclipse E800, Tokyo, Japan). Selected cells were classified between 0 (non-damaged) and 3 (most
damaged) according to tail lengths. All slides were scored with the following formula [23] with a
maximum damage possibility of 300:

Comet score = (1 x ny) + (2 % ny) + (3 x ng) (n: cell number for every score)
The percent reduction of DNA damage by extract was determined by following equation [23]:
% Reduction = (A-B)/(A-C) x 100
where A: comet score of cells treatment with only H,O, (positive control), B: comet score of cells with
anti-genotoxic treatment (Extract + H,0,) and C: comet score of control cells (no treatment).

2.8. Statistical Analysis

All experiments were performed in triplicate. Results were expressed as mean + standard deviation.
Compatibility with normal distribution was determined using the Kolmogorov-Smirnov test. One-Way
ANOVA analysis was used to compare differences among the groups. Statistical significance level was
considered as p < 0.05.

3. Results and Discussion

Oxidative stress which is caused by increasing ROS and/or decreasing antioxidants and is in a close
relationship with many pathological situations, such as cancer, heart diseases, and diabetes [25].
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Antioxidant activity is therefore an essential feature for human health. It is believed that many of the
biological functions may originate from this feature. Phenolics in natural products might prevent
humankind against chronic diseases through their antioxidant action. Determination of antioxidant
activity of tested natural product is therefore accepted as a starting point for more comprehensive studies
[26]. Many in vitro analyses are used for determination of antioxidant capacity of herbal extracts and at
least using two different methods are recommended [27]. Consequently, the antioxidant properties of D.
carmelitarum extract were investigated in vitro condition by four different analyses (TPC, FRAP,
CUPRAC, and DPPH assay) and results were presented in Table 1. In similar with our findings, Cai et al.
reported that TPC value of aqueous extract of D. superbus L. is 6.9 mg GAE/g sample [26], while Gou et
al. shown that TPC and DPPH inhibition (SCs) values of aqueous extract of D. superbus are 24.04 mg
GAE/g sample and 0.9 mg/mL, respectively [28]. In another study, SCs, value for the free radical
scavenging ability of aqueous extract of D. basuticus is reported as 2.56+0.18 pg/mL [8]. The antioxidant
compounds contained in plant materials play a major role in the scavenging and inhibiting of free radicals
[29]. There is a powerful association between phenolic properties and antioxidant activities. We therefore
quantified the total levels of phenolic compounds as GAE. Subsequently, we used the RP-HPLC analysis
to identify the phenolic compounds that are responsible for the antioxidant properties of extract.

Phenolic acids are made up of two subgroups, known as the hydroxybenzoic and hydroxycinnamic
acids. Hydroxybenzoic acids include gallic, p-hydroxybenzoic, protocatechuic, vanillic, and syringic
acids, which share a C6-C1 structure. In contrast, hydroxycinnamic acids are aromatic molecules that
possess a three-carbon side chain (C6-C3), the most frequently identified of these being caffeic, ferulic, p-
coumaric, and sinapic acids [30]. Phenolics are compounds with one or more hydroxyl groups (-OH)
conjugated to an aromatic ring. They are found in the aerial parts of plants, including flowers, leaves,
seeds, fruits, stems, and roots. Particular research interest has recently been directed toward phenolic
compounds because of their beneficial biological characteristics, including antioxidant and radical
scavenging properties [31].

Table 1. The antioxidant activities of the aqueous extract of Dianthus carmelitarum

Test Compounds TPC! FRAP? CUPRAC? DPPH*
Extract 12.6 +0.27 238 +2.89 641+ 6.28 1.2246 + 0.0042
BHT 0.0099 + 0.0002

Total phenolic content was expressed as mg GAE per gram sample.

2FRAP value was expressed as pM TE per gram sample.

3CUPRAC value was expressed as uM TE per gram sample.

“Concentration of test sample (mg/mL) required to produce 50% inhibition of the DPPH radical.

The hydroxyl groups in the meta-positions of carboxyl groups (-COOH) are capable of causing
greater antioxidant activity compared to the ortho- or para- positions because the electron-pushing
characteristic exhibited by the carboxyl group enhances the H-donating capacity of hydroxyl groups.
Ortho- substitution on the part of the -OH group with electron-donating compounds, such as methoxy
groups (-OCHj,) is also capable of enhancing antioxidant activity [32]. For instance, the -CH=CH-COOH
groups found in cinnamic acid exhibit a higher H-donating ability and therefore antioxidant properties
than the -COOH groups found in benzoic acids by stabilizing the radical through resonance of -C=C-
[33]. Phenolic compounds are capable of halting chain oxidation reactions through a range of
mechanisms, including the donation of hydrogen atoms or chelation of metal ions. This therefore enables
them to behave as metal chelators, antioxidants, reducing agents, or single oxygen and H,O,
decomposers. These highly significant plant metabolites also exhibit antioxidant activities [34]. Our
antioxidant activity results as soon as were similar with other studies, the differences may have originated
from the plant species, phenolic compounds which have important functions in plants, type of extraction
method, geographic region, harvest season, and post-harvesting conditions.

Several reports describe the use of HPLC with DAD for characterization and quantification of
phenolic composition. It is known that HPLC presents higher robustness, reproducibility, and sensitivity,
as well as an interface easily coupled to a great range of detectors [35]. Therefore HPLC-DAD system
was preferred for phytochemical analysis in this study and thirteen phenolic compounds were determined
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in D. carmelitarum (Table 2). The chromatogram of phenolic standards and the extract were shown in
Figure 1 and 2, respectively. The developed and validated HPLC method was assessed by different
validation parameters as mention above. According to results, the linearity from validation parameters
was found to be fine with correlations coefficients between 0.9930 and 0.9997. The detection and
guantification limits of each phenolic compounds were remarked in Table 2. Calculated LOD and LOQ
values are indicated that applied concentrations ranges (2.5-50 pg/mL) is relevant to study by the method.
The recovery of the method was appropriate in terms of the values ranges 98.93-103.86 % considered
acceptable values range 95-105 % [36]. The low precision values of %RSD of retention times and % peak
areas were pointed out the validity of the method within the acceptable range RSD < 2% (Table 3). All
standarts peaks were completely separated through the HPLC conditions. The situation was indicated the
method selectivity.

The results of previous researches show that Dianthus genus is rich in polyphenolic compounds,
such as flavonoids, anthocyanins, coumarins, and anthraquinones [4]. Lamula and Ashafa reported that
the aqueous extract of D. basuticus has some functional compounds, such as alkaloids, tannins, saponins,
and cardiac glycosides. Phlobatannin, flavonoids, steroids, and terpenoids are not detected in the same
extract [7]. Also, Ding et al. isolated some compounds, such as benzoic acid, kaempferol, quercetrin,
3,5,7-trihydroxy-3’,5’-dimethoxyflavone, and trans-p-coumaric acid from the ethyl acetate fraction of
ethanol extract of D. superbus [13]. There was not a fully overlapping between our phenolic composition
results and literature data. This situation may have arisen from the plant species and number and kind of
used standards. We think that the phenolic composition of D. carmelitarum might reveal with further
standard compounds in the future investigations.

Especially for a long time, investigations of antioxidant property of natural products have focused
on less volatile compounds, such as polyphenolic compounds. However, in recent years strong
antioxidant property of volatile compounds are reported. Volatile compounds have therefore begun to
arouse much more interest due to their potential antioxidant and antimicrobial activities [37]. SPME
which is a free-solvent technique for sample preparation that can be easily coupled to gas
chromatography, simplifies the analytical process, is fast, cheap, very useful for volatile and semi-volatile
analytes, and suitable for the direct analysis of solid samples [38]. We therefore preferred SPME-GC-
FID/MS method for determination of volatile compounds in D. carmelitarum and results of volatile
analysis were presented in Table 4. Among the identified components were monoterpene hydrocarbons
(28.93 %), oxygenated monoterpenes (15 %), aldehydes (28.6 %), hydrocarbones (21.8 %), and other
compounds (5.4 %). Among the identified components, monoterpene hydrocarbons are indicated as major
volatiles. In a previous study, phenyl ethyl alcohol, eugenol, hexyl benzoate, hexenyl benzoate (z), benzyl
benzoate, benzoin, nootkatone, benzyl salyicylate, m-cresyl phenyl acetate, hexadecanoic acid, and
eicosene are showed in the composition of D. caryophyllus L [39]. Also, Casiglia et al. demonstrated the
presence of 66 components which amounted to 93.6% of the oil in the D. rupicola and high content of
thymol and carvacrol derivatives is shown for the first time in the Dianthus genus. Among the idenfied
components, terpenes are indicated as major volatiles [5].

The composition of the volatile components we have studied is different from that of volatile
components from other Dianthus species. In fact, the main components of the D. superbus L. oil were
6,10,14-trimethyl-2-pentadecanone (hexahydrofarnesyl acetone, 28.39%), cis-phytol (6.80%), geranyl
acetone (4.65%), n-hexanol (4.32%), and farnesyl acetone (3.01%) [5], while the most abundant
components of the essential oil of D. caryophyllus L. are phenyl ethyl alcohol, eugenol, and hexyl
benzoate [41]. Floral scent of seven Dianthus species analysed by GC-MS is dominated by different
compounds [42]. Dianthus sylvestris Wulfen scent is characterised by a great amount of methylbenzoate
(85.7%), a compound that is also the main component (42.1%) in Dianthus arenarius L. that contains two
other benzenoids esters: methyl salicylate (14.5%) and dimethyl salicylate (8.9%).
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Table 2. Limit of detection (LOD) and limit of quantification (LOQ) values and quantities of phenolic
compounds in the extract

Correlation

Phenolic compounds Standard coefficient LOD LOQ Amount
P Curves 1) (ng/mL) (ng/mL) (mg/100 g)
1 Gallic acid y=46685x-33209 0.9935 0.03 0.12 20.25+1.11
2  Protocatechuic acid y=39214x-27944 0.9984 0.04 0.11 5.41+0.24
3  Protocatechuic aldehyde y=46438x+6147.1 0.9968 0.03 0.09 5.06+0.19
4 p-OH-Benzoic acid y=39080x-10794 0.9974 0.02 0.07 13.71£0.58
5  Chlorogenic acid y=9208.8x-399.4 0.9930 0.12 0.35 26.03+1.33
6  Vanillic acid y=49369x-63110 0.9980 0.02 0.08 6.07+0.23
7  Caffeic acid y=27764x-9126.7 0.9973 0.05 0.15 14.2440.60
8  Vanillin y=38753x-1671.6 0.9976 0.02 0.07 7.384+0.39
9  Syringaldehyde y=13655x-2503.5 0.9982 0.11 0.34 30.3+1.21
10 p-Coumaric acid y=53747x-39534 0.9955 0.03 0.11 12.1£0.51
11 Ferulic acid y=81674x-55584 0.9975 0.06 0.19 4.49+0.17
12  Sinapic acid y=63367x-44638 0.9997 0.12 0.38 13.224+0.62
13 Benzoic acid y=6422x-11532 0.9967 0.28 0.86 15.36+0.91
mAU
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Figure 1. RP-HPLC chromatogram of phenolic standards searched in D. carmelitarum sample. Peak
identification: (1) gallic acid, (2) proto-catechuic acid, (3) proto-catechuic aldehyde, (4) p-hydroxy
benzoic acid, (5) chlorogenic acid, (6) vanillic acid, (7) caffeic acid, (8) vanillin, (9) syringaldehyde,
(10) ) p-coumaric acid, (11) ferulic acid, (12) sinapic acid, (13) benzoic acid.
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Table 3. Precision and recovery values of phenolic compounds of the extract
RT Precision % Area Precision Recovery %
(% RSD) (% RSD) (Mean + SD)
Phenolic Compounds Intra Inter Intra Inter S5pug/mL 25 pg/mL 50 pg/mL
day day day day
1 Gallic acid 0.13 0.23 0.13 0.41 101.8£1.19 98.942.42  103.8+1.66
Proto-catechuic acid 0.16 0.75 0.48 0.63 100.7+2.5 101.6£1.96 103.8+0.65
3 Proto-catechuic aldehyde 0.19 0.38 0.59 0.46 102.0+1.23 102.1+£2.08  101.9+£1.32
4 p-OH Benzoic acid 0.12 0.88 0.29 0.66 101.8£1.27 99.8+1.48  101.1+0.40
5 Chlorogenic acid 0.23 0.48 0.72 0.81 101.5+0.80 103.0+2.05 101.3+£0.87
6 Vanillic acid 0.06 0.43 0.11 0.53 101.7+1.05 103.242.56  100.8+0.71
7 Caffeic acid 0.04 0.22 0.55 0.60 101.8£1.16 101.9+1.08  101.6+1.5
8 Vanillin 0.03 0.13 0.31 1.81 103.6+2.21 100.5£0.61  101.9£1.36
9 Syringaldehyde 0.02 0.12 0.92 1.01 100.9+0.37 99.2+2.51 100.9+0.45
10 p-Coumaric acid 0.06 0.18 0.22 0.37 101.8+1.36  99.7+1.43 101.4£1.70
11 Ferulic acid 0.04 0.21 0.21 0.88 102.0+£1.25 101.9+1.4 101.2+0.35
12 Sinapic acid 0.03 0.27 0.71 1.09 102.2+£1.15 103.36+1.11  101.3%1.2
13 Benzoic acid 0.07 0.25 1.18 1.61 101.0£1.4 102.76+2.05 102.6+2.25
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Figure 2. RP-HPLC chromatogram of Dianthus carmelitarum sample.
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Table 4. Major volatile components of D. carmelitarum based on SPME-GC-FID/MS analysis

Identified Compound %Area’ Retention Index”

Monoterpene hydrocarbons

a-Thujene 20.5 930

Camphene 6.7 952

Sabinene 0.71 976

a-Terpinolene 1.02 1095
Total 28.93

Oxygenated monoterpenes

Pinocarvone 15 1160
Total 15

Aldehydes

Undecanal 18.6 1300

(E,E)-2,4-Decadienal 10 1315
Total 28.6

Others

Cadina-1(2),4-diene 5.4 1532
Total 5.4

Hydrocarbons

Tricosane 21.8 2300
Total 21.8

Total identified 99.73

% Area obtained by FID peak-area normalization.
PRI calculated from retention times relative to that of n-alkanes (C6-C30) on the nonpolar Restek Rxi-5MS column.

D. armeria L. is characterised by (Z)-3-hexenyl-1-acetate (29.8%), limonene (11.6%), and n-
nonanal (11.0%). Also D. deltoides L. shows (Z)-3-hexenyl-1-acetate (27.1%) as the main component
with benzaldehyde (15%) and benzeneacetaldehyde (10.6%). n-nonanal (14.7%) is also the most
abundant volatile component of the scent of D. barbatus L. in which b-caryophyllene (10.3%) is the other
most abundant component. An appreciable caryophyllene content (18.5% and 23.5%) is detected in D.
monspessulanus L. and D. superbus L. which, however, are characterised by the high amount of (Z2)-b-
ocimene (52.4% and 49.8%, respectively). The chemical composition of volatile compounds can change
based on several parameters, such as plant species, climatic, seasonal, and geographic conditions, harvest
period, and extraction method. We think that differences between our results and literature data may arise
from these parameters.

In recent years, problems relating to the implementation of traditional antibiotics, such as
antimicrobial resistance, side effects, and high costs, have increased and natural products are considered
as alternative agents in order to replace conventional antibiotics [12]. The antimicrobial activity of the

extract was evaluated using agar well diffusion method and results were presented in Table 5.

Table 5. Screening for antimicrobial activity of aqueous extract of D. carmelitarum

Microorganisms and Minimal Inhibition Concentration (ng/mL)

Tested Compounds

Ec Yp Pa Sa Ef Bc Ms Ca Sc
Extract - 125 250 250 - - 62.5 - -
Ampicillin 10 10 >128 35 10 15
Streptomycin 4
Fluconazole >8 >8

Ec: E. coli, Yp: Y. pseudotuberculosis, Pa: P. aeruginosa, Sa: S. aureus, Ef: E. faecalis, Bc: B. cereus, Ms: M. smegmatis, Ca: C. albicans, Sc: S.
cerevisiae, (-): no activity of test concentrations (10 000 pg/mL).

D. carmelitarum extract especially exhibited moderate antibacterial activity against M. smegmatis and Y.
pseudotuberculosis, while antifungal activity was not observed against neither C. albicans nor S.
cerevisiae. In previous reports, ethanolic extract of D. coryophyllum shows moderate antibacterial effect
against E. coli, B. subtilis, S. aureus, S. epidermidis, and P. aeruginosa and antifungal effect against A.
niger and C. albicans [6], while Lamula and Ashafa reported that aqueous extract of D. basuticus shows
moderate antibacterial effect against B. pumilis, E. coli, S. aureus and antifungal effect against C. rugosa,
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C. albicans, and T. mucoides [7]. We think that the antibacterial effect of D.carmelitarum against M.
smegmatis and Y. pseudotuberculosis now needs to be investigated in vivo condition.

The comet assay is frequently used for detection of DNA damage in cellular level due to its
cheapness, easiness and more sensitivite than the other assay [23, 24]. Besides, it has been considered as a
favorable assay for evaluation the capacity of phytochemicals to protect cells against genotoxic agents
[43]. So, we have preferred to determine DNA damage using comet assay in this study. Many oxidant
agents, such as methyl methanesulfonate, H,O,, ferrous sulfate, and tert-butyl hydroperoxide are used as a
DNA damage inducer in antigenotoxicity studies [23,44,45] and H,O, was preferred to generate oxidative
DNA damage in fibroblasts in this study. Hydrogen peroxide is a hydrophobic molecule, it can therefore
diffuse into the cytoplasm quite easily and can be rapidly transformed into hydroxyl radicals by the
Haber-Weiss or Fenton reaction. Hydroxyl radical is the most detrimental type of ROS and it can induce
various types of DNA damage, such as strand breaks, alkali-labile sites, oxidized purines and pyrimidines
[23]. In this study, comet scoring was performed using a scale of 0 (ho damage) to 3 (most damage) with
visual analysis between 10 and 30 uM H,0, damaging concentrations. Cell viabilities were measured
using trypan blue dye-exclusion method and were over 98% in all groups. Significant increases in DNA
damage were determined with increasing concentrations of H,O, (10, and 20 uM; p < 0.0001 for both;
Figure 3). Maximum comet score would be 300 according to this scale, and the H,O, concentration was
therefore selected as 20 uM. Excessively long tails scored at 4 were not included in this study, so 30 uM
H,O, were not preferred as an optimum concentration of H,0,. Previous reports demonstrate the
damaging concentration of H,O, in fibroblast cells changes between 10 and 100 uM. So, our used both
concentration of H,O, (20 uM) and incubation time (5 min) were compatible with previous literature
[23,46,47].

400 -
350 -
300 -
250 -+
200 -
150 -
100 -

50 A

0 e

Negative Control 10 uM 20 uM 30 uM

DNA Damage (Arbitrary Units)

Concentrations of Hydrogen Peroxide (uLM)

Figure 3. DNA damage of human fibroblasts exposed to hydrogen peroxide. Human fibroblasts were
incubated for 5 min with different concentrations of hydrogen peroxide. Results are mean + SD, (n = 3).
“p < 0.0001 compared to negative control.

In this study, D. carmelitarum extract, rich in phenolic and volatile compounds, was investigated in
terms of its protective effect on H,0,-induced DNA damage in fibroblast cells. The pre-treatment time (1
h) of fibroblast cells with the extract was established according to similar studies about antigenotoxic
effect of natural products [21,32,33]. Pre-treatment with different concentrations of the extract
significantly protected the cells against H,O,-induced DNA damage in a concentration dependent manner
(p<0.0001) (Figure 4). The percentage reductions of H,O,-induced DNA damage were 31%, 47%, and
65% for the concentrations of 100, 250, and 500 ug/mL extract, respectively. Due to pro-oxidant effect of
the extract at greater than 500 ug/mL concentration on fibroblast cells, 500 pg/mL concentration was
selected as the highest concentration following the preliminary tests. In our study, D. carmelitarum
extract did not return H,0,-induced DNA damage to negative control levels. This in part, may be due to
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the pre-incubation time of 1 hours being too short or type of treatment. We think that the antigenotoxic
effect of D. carmelitarum now needs to be investigated both in vitro condition with different treatment
types (post or simultaneous) and in vivo condition.

300 -

250 -

a
a
200 -
150 -
100 -
50 A
0 - T T T T 1

Group A Group B Group C Group D Group E

DNA damage (Arbitrary Units)

Figure 4. Effect of 1-h pretreatment of the extract on H,O,-induced DNA damage in fibroblast cells.

Groups: A: negative control; B: positive control (20 uM H,0, alone); C: 100 pg/mL extract + 20 uM

H,0,; D: 250 pg/mL extract + 20 uM H,0,; E: 500 pg/mL extract + 20 pM H;0,. Results are mean +
SD, (n = 3). ®p < 0.0001 compared to positive control.

Many plants contain antioxidant components, such as polyphenolic and volatile compounds and
these compounds preserve cells against the detrimental effects of ROS [9]. The antioxidant property of
these compounds is attributed to their ability to donate electrons to ROS, chelating metal ions, and
stimulate antioxidant enzymes [48]. There are many studies about antigenotoxic activity of these
compounds. Ferk et al. shown that gallic acid has dose dependent protective effect on H,O,-induced DNA
damage in human lymphocytes [49], while Cinkilic et al. reported that chlorogenic acid decreases X-ray
irradiation induced DNA damage and provides a significant radioprotective effect in human lymphocytes
[50]. Archana et al. reported that thymol reduces radiation-induced DNA damage and apoptosis in
Chinese hamster lung fibroblast cells through the free radical scavenging property [51], while Aristatile et
al. demonstrated that carvacrol prevents human lymphocytes against UVB irradiation-induced DNA and
lipid damage [52]. In this study, some of these compounds were determined in the extract and the
antigenotoxic effect of D. carmelitarum extract may arise from the above mentioned compounds.

To our knowledge, this is the first publication about pytochemical composition, antioxidant,
antimicrobial, and antigenotoxic effects of D. carmelitarum. Further studies are required for the isolation
and identification of individual phenolic and volatile compounds in the extracts. Also, the phytochemical
studies together with biological activity investigations are essential for complete understanding of the
medicinal applications.
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