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DETERMINATION OF CHEMICAL COMPOSITIONS,
ANTIOXIDANT, DNA CLEAVAGE AND BINDING
PROPERTIES OF VINCETOXICUM TMOLEUM EXTRACT

Emine KILICKAYA SELVI3, Nilgin GULERa,
Seher GUVENP, Serdar MAKBULP

ABSTRACT. In the present study, phenolic compounds, antioxidant activities,
DNA cleavage and binding effects of Vincetoxicum tmoleum (Vt) collected
from west of Anatolia (Manisa city) were investigated. Antioxidant potentials
of the extracts were characterized with their total phenolic and flavonoid
contents, DPPH (2,2-diphenyl-1-picrylhydrazyl), ABTS (2,2'-azino-bis (3-
ethylbenzothiazoline-6-sulfonic acid), and FRAP (ferric reducing antioxidant
power assay) tests. Besides, the DNA cleavage and binding features of V.
tmoleum extract were studied using pBR322 DNA and CT-DNA, respectively.
Phenolic compounds of the extract were analyzed by high performance
liquid chromatography (HPLC-DAD). As a result, V. tmoleum methanol extract
was found to have the high total phenolic and total flavonoid content and
antioxidant effect. Strong positive correlations were also found between
DPPH and TFC (r = 0.995; p < 0.01), and TPC (r = 0.989;p < 0.01), ABTS
(r = 0.994;p < 0.01) and FRAP(r=0,995; p < 0.01). Methanol extract of V.
tmoleum had large amounts of p-coumaric acid, ferulic acid and protocatechuic
acid. While V. tmoleum samples showed weak DNA cleavage activity, they
showed DNA binding activity at 50 pM concentration, that is, the potential to
be an intercalation agent in this concentration.
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INTRODUCTION

Vincetoxicum Wolf belonging to the subfamily Asclepiadoideae
(Apocynaceae) is represented by approximately 300 species naturally
distributed in a wide region covering Far East, Africa, the Mediterranean,
Anatolia, Caucasus, Russia and Europe [1], and also a few species introduced
in North America [2]. The genus Vincetoxicum constitutes an important
natural plant source for both traditional folk medicine and modern medicine
[3]. Some of these herbs are known to be effective in the treatment of
common diseases such as malaria, scrofula, rupture, injuries, fever, wounds
and scabies [4], and the others are claimed to exhibit expectorant, diuretic,
emetic [5], laxative and diaphoretic effects [6]. The literature on chemical
composition of Vincetoxicum has verified the presence of phenolics and
flavonoids [5, 7, 8], acetophenones and pregnane glycosides [9], alkaloids
[10], triterpenoids [11] for the members of the genus. Furthermore, depending
on the rich chemical content of the genus, many biological activities such as
anticancer [12], cytotoxic [13, 14], antibacterial and antifungal [15, 16, 17],
antioxidant [5, 7, 8], antidiarrheal and antispasmodic [18], antifeedant [16],
antileishmanial and antimalarial [19], anti-inflammatory [20] have been
reported for several Vincetoxicum species (e.g V. arnottianum (Wight) Wight,
V. hirundinaria Medic., V. lutea L., V. nigrum (L.) Moench, V. pumilium Decne.,
V. rossicum (Kleopow) Barbar. V. stocksii Ali & Khatoon) from different
countries, except Turkiye.

Tarkiye, with 11 wild Vincetoxicum species three of which are endemics,
constitutes an important natural distribution area for the genus [21]. According
to the literature review, a limited number of Vincetoxicum species from Turkiye
was investigated from a biochemical perspective. V. canescens (Willd.)
Decne., V. fuscatum (Hornem.) Rchb. f. and V. parviflorum Decne., have
recently been investigated in phytochemical aspect, and fatty acid, sterol,
and tocol compositions, total phenolic, total flavonoid, amino acid, mineral,
glycoside and sugar contents [22, 23], and antioxidant [23], antifeedant [22],
antibacterial and antifungal activities [24, 25, 26, 27] have been reported for
these taxa. Ethnobotanical studies reveal that V. tmoleum Boiss. has been
used as a folk medicine in the treatment of scabies and fungal infections,
especially in the Eastern Anatolia region [28]. This species is characterized
by erect stem with crisped pubescent, campanulate, yellowish-green flowers
with lanate inner surface, free and triangular corona segments, ovate pollinia,
and slender ovoid fruits. The native range of this perennial herb is Tlrkiye to
Northern Iraq and Lebanon [29, 30]. However, the widely distributed V.
tmoleum which has the potential for medical uses has not been biochemically
investigated yet.
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Medicinal plants have been widely used in the treatment of diseases
since ancient times for their rich secondary metabolite content such as
phenolic acids, flavonoids, cinnamic acid derivatives, coumarins, tocopherols
and tannins which are accepted as natural sources of antioxidants. It is
known that antioxidants protect the human body against diseases caused
by free oxygen derivatives [31]. Moreover, binding and cleavage of DNA, the
heart of cellular transcription and translation, occurs in the cell throughout
the natural process with enzymatic or oxidation processes. In addition, many
anticancer drugs aim to trigger cell apoptosis by disrupting the DNA structure
[32]. Therefore, revealing the interaction of plant extract with DNA and
investigating their antioxidant activity is of great importance for production of
new drugs. Hence, the present research aims to determine the phytochemical
components and investigate the antioxidant activites, DNA cleavage and
binding effects of Vincetoxicum tmoleum.

RESULTS AND DISCUSSION

Main compounds in the methanolic extract of V. tmoleum consisted of
ferulic acid, p-coumaric acid, and protocatechuic acid, respectively (Table 1,
Figure 1). The amount of remaining ones was determined in the following order,
gallic acid, chlorogenic acid, apigenin, kaempferol, quercetin. Nevertheless,
caffeine, caffeic acid, vanillic acid, rutin and o-coumaric acid were not detected
in our analyses (Table 1). Numerous studies have demonstrated that p-
coumaric acid and ferulic acid are among the most significant phenolic
compounds responsible for antioxidant activity by eliminating reactive
oxygen [33, 34]. Herein, phenolic compounds of V. tmoleum extracts were
investigated by HPLC-DAD analyses for the first time, and the obtained
results are consistent with the phenolic contents identified for the other taxa
of Vincetoxicum. In a previous study, the presence of chlorogenic acid,
isoquercitrin and apigenin-7-O-glucoside was confirmed in the methanol and
acetone extracts of V. lutea by using LC-MS methods [5]. Similarly, six
substances composed of sinapic acid, ferulic acid, caffeic acid, chlorogenic
acid, quercetin and kaempferol were isolated from V. scandens [35].

Total Phenolic Content (TPC) and Total Flavonoid Content (TFC) in the
methanol extracts of V. tmoleum were determined spectroscopically.
According to the present results, the values of TPC were 58.90+0.50 mg
GAE/g ext. and 50.39+0.15 mg QE/g ext., and the amount of TFC was
41.37+0.07 mg QE/g ext (Table 2). This study is the first report on the
phenolic compounds and antioxidant activity of V. tmoleum. The obtained
data were compared with limited investigation including a few Vincetoxicum
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species. The total phenolic and flavonoid contents of ethanol extracts of V.
canescens subsp. canescens and V. canescens subsp. pedunculata seeds
were recorded by Guzel et al. as 25.62 yg GAE/mg extract, 16.50 yg GAE/mg
extract and 1.50 yg QE/mg extract, 1.13 yg QE/mg extract, respectively [23].
In another investigation, Sliumpaite et al. [5] reported the amount of TPC
ranging from 86 to 132 mg GAE/dw in methanol and acetone extracts of V.
lutea leaves. Slapsyté et al. [36] used gallic acid as the standard to measure
the amount of TPC in V. luteum and V. hirundinaria specimens. According to
that previous study, the values of TPC determined as 131.8 mg GAE/g dw
for V. luteum and 127.4 mg GAE/g dw for V. hirundinaria in the acetone
extracts were higher than the ones measured as 93.1 mg GAE/g dw for V.
hirundinaria and 86.0 mg GAE/g dw for V. luteum in methanol extracts.
Another study related to the total phenolic and total flavonoid contents of
methanol, dichloromethane and ethyl acetate extracts of V. nigrum exposed
that the methanol extract was richer in total phenolic and total flavonoids [8].

Antioxidant activity of V. tmoleum was determined using radical
scavenging (DPPH and ABTS), reducing power (FRAP) assays, and the results
of antioxidant assay are given in Table 3. The activities of DPPH, ABTS, and
FRAP were 0.489+0.018 (SCso mg/mL), 1.403+£0.015 (SCsp mg/mL) and
152.23+0.35 pymol trolox/g ext, respectively. Several Vincetoxicum taxa have
been studied for antioxidant activity. Guzel et al. [21] investigated antioxidant
activity of V. canescens subsp. canescens and V. canescens subsp.
pedunculata seeds. In the case of DPPH free radical scavenging assay, V.
canescens subsp. canescens showed the higher antioxidant activity compared
to the other subspecies [23]. In addition, HPLC-DPPH based antioxidant activity
of V. lutea was confirmed using methanol and acetone extracts by Sliumpaite et
al. [5]. The researchers indicated that acetonic extracts (with SCso value of 0.13
+ 0.01 %) of V. lutea were stronger antioxidants compared to the methanolic
extracts (with SCsp value of 0.21 = 0.01 %). In another study, antioxidant
activities of two endemic species from Iran, V. pumilum and V. nigrum, were
evaluated using methanol extracts. According to that study, V. pumilum had
higher antioxidant activity than V. nigrum [7]. Moreover, antioxidant activity of
methanol, dichloromethane and ethyl acetate extracts of V. nigrum was studied
by Nourian et al. [8], using an online HPLC-DPPH method. The highest
antioxidant activity (SCso, 1.44 mg/mL) was determined in methanol extract
compared to the dichloromethane and ethyl acetate extracts [8].

The DNA protective effects of Vincetoxicum tmoleum extracts were
tested using pBR322 DNA and CT-DNA. When compared to the control
group in well 1, despite the same amount of DNA in the well compared to the
control, a brighter line was formed in the second well. This indicates that
there is a binding with electronic interaction between the V. tmoleum extract
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and the CT-DNA (Figure 2). Control DNA structure in well 1, methanol extract
of V. tmoleum in other wells with different concentrations cleaved at all
concentrations, albeit slightly, samples caused cleavage from supercoiled DNA
form to nicked DNA form (from Form | to Il). The result is given in Figure 3.

In this study, correlation analyses among scavenging activity (DPPH),
ABTS, FRAP, TPC, and TFC levels were conducted. The correlation
coefficients (r) are shown in Table 4. Significant positive linear correlations
(Table 4) were established between TPC and TFC (r = 0.922; p < 0.01).
Strong positive correlations (Table 4) were also found between DPPH and
TFC (r = 0.999; p < 0.01), TPC (r = 0.989; p < 0.01), FRAP (r = 0.995; p <
0.01), and ABTS (r = 0.994; p < 0.01).
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Figure 1. HPLC-DAD chromatogram of methanol extract of V. tmoleum at 280 nm.

Figure 2. Agarose gel electrophoresis gel images of methanol extract of
V. tmoleum. Ingredients of lines: Lanel: CT-DNA (3 mg/mL) in buffer (Tris HCI,
pH=7), Lanes 2-5: CT-DNA (3-0.375 mg/mL) + buffer+ V. tmoleum (50 pM)
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Form II

Form |

Figure 3. DNA Cleavage activity gel images of methanol extract of V. tmoleum
Lane (1) pBR322DNA + 10 pL ddw. Lane (2) pBR 322DNA + 150ug/mL of
V. tmoleum + ddw. Lane (3) pBR 322DNA + 100 pg/mL of V. tmoleum + ddw.
Lane (4) pBR 322DNA + 50 pg/mL of V. tmoleum + ddw.

Table 1. Phenolic compounds of methanol extract of V. tmoleum
analyzed by HPLC-DAD

Standards RT V. tmoleum
mg std/g extract
Gallic acid 4.56 0.83
Protocatechuic Acid 7.00 1.23
Chlorogenic acid 7.99 0.71
Caffeine 8.80 N.D.
Caffeic acid 10.03 N.D.
Vanillic acid 11.17 N.D
Rutin 12.29 N.D
p-coumaric acid 18.39 3.92
Ferulic acid 19.15 3.94
o-coumaric acid 19.85 N.D.
Quercetin 26.01 0.12
Apigenin 28.47 0.62
Kaempferol 29.00 0.39

N.D.: Not Detected

Table 2. Total phenolic and total flavonoid contents of the extract

Total phenolic content Total flavonoid content
Extracts mg GAE/g dw mg QE/g dw mg QE/g dw
V. tmoleum 58.90+0.50 50.39+0.15 41.37+0.07

GAE the equivalent of gallic acid (GA), QE the equivalents of quercetin (Q)

168



DETERMINATION OF CHEMICAL COMPOSITIONS, ANTIOXIDANT, DNA CLEAVAGE AND BINDING
PROPERTIES OF VINCETOXICUM TMOLEUM EXTRACT

Table 3. Antioxidant activity of the methanol extract of V. tmoleum

Extract DPPH, SCso (mg/mL) | ABTS, SCso (mg/mL) FRAP
(umol trolox/g ext)
V. tmoleum 0.489:0.018 1.403%0.015 152.23+0.35
Gallic acid 0.002+0.000 0.008+0.000
Quercetin 0.001+0.000 0.002+0.000
Trolox 0.002+0.000 0.006+0.000

Table 4. Correlation analysis between TPC, TFC, DPPH, ABTS and FRAP

r TPC TFC DPPH ABTS
TFC 0.922*
DPPH 0.989* 0.999*
ABTS 0.769* 0.957* 0.994*
FRAP 0.875* 0.994* 0.995* 0.982*

r: Correlation coefficient,
*: Correlation is significant at p < 0.01.

CONCLUSIONS

Consequently, in this study, methanolic extract of V. tmoleum was
investigated for the first time in terms of phenolic compounds, antioxidant
activities, DNA cleavage and binding effects in order to determine the
probability of medicinal usage. As in the phytochemical analysis results, the
methanol extract of V. tmoleum was found to be rich in phenolic compounds
and flavonoids. This finding was also supported by HPLC-DAD analysis.
According to the results of HPLC-DAD analysis, the extract contained
significant amount of p-coumaric acid and ferulic acid with well-reported
biological activity potential.

Significant positive linear correlations were established between TPC
and TFC (r = 0.922; p < 0.01). Strong positive correlations were also found
between DPPH and TFC (r = 0.999; p < 0.01), TPC (r = 0.989; p < 0.01),
FRAP (r=0.995; p<0.01), and ABTS (r=0.994; p < 0.01). V. tmoleum extract
at 50uM concentration was found suitable for evaluation as intercalating
agents. The extract performed DNA separation at all concentrations.
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EXPERIMENTAL SECTION

Sample Preparation. Plant samples of V. tmoleum were collected
from Bozdag, Salihli-Manisa in Tirkiye. The collected plant samples were
identified and deposited at the Herbarium of Recep Tayyip Erdogan
University, Department of Biology (RUDB) with the voucher specimen
number of S. Glven 48 & S. Makbul. All plant samples to be used in the
experiments were dried at room temperature in the shade and ground with a
blender (Waring Commercial, CT, USA). 5 g of dried samples were added to
flask with 50 mL methanol and extracted in the ultrasonic bath (Elma Clean
Box, Elma) at 40 °C for 60 min. Extract was centrifuged for 10 min, at 5000
rpm. The resulting extracts were transferred to a new flask, and the extracts
were evaporated using a rotary evaporator. Dried extracts were dissolved in
methanol and stored at —18°C until analysis.

Determination of phenolic compounds by HPLC-DAD.
Chromatographic analysis was performed by using a Thermo 3600 series
high pressure liquid chromatography (HPLC) system equipped with DAD
detector. Chromatographic separation was performed on Agilent C18 column
(150 x 4.6 mmi.d., 5 um particle, 100 A°; Agilent). Gradient elution was used
for HPLC analyses using two mobile phases as A [Acetic acid:water (2:98
vIVv)], solvent B [Acetonitrile:water: (70:30, v/v)], with following gradient: the
composition of solvent B was increased from 12 to 25% in 3 min, increased
to 45% in 12 min and held for 15 min, and increased to 85% in 10 min, and
then returned to the initial conditions in 5 min and held for 10 min. Total run
time was 55 min. Detection wavelengths were set at 254, 280, 315, and 360 nm.
The volume of injection was 20 L, the flow rate was set at 0.8 mL.min*and
the column temperature was 30 C. Gallic acid, protocatechuic acid, caffeine,
vanillic acid, rutin, chlorogenic acid, caffeic acid, o-coumaric acid, p-coumaric
acid, ferulic acid, quercetin, kaempferol, and isorhamnetin were used for
phenolic standars.

Methanol, extract of V. tmoleum was prepared at a concentration of 2
mg/mL. Stock solutions of the standards were prepared in MeOH at a
concentration of 1 mg/mL and then diluted to different concentrations in
MeOH in the range of 40-0.5 mg/mL.HPLC analysis of phenolic compounds
was detailed by Selvi et al. [43].

Determination of total phenolic content. The total phenolic content
of the methanol extract of V. tmoleum was analyzed with Folin-Ciocalteu's
phenol reagent. Gallic acid and quercetin were used to generate a standard
curve in a range from 0.0019 and 1.00 mg.mL? (r> = 0.999) [37]. All
experiments were performed in triplicates, and the absorbance of the mixture
was measured at 760 nm using UV-Vis spectrophotometer (Labomed Inc.
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Culver City-USA). The amount of total phenolic content was given as mg of
gallic acid equivalent (GAE) per g of dry weight (dw) and quercetin equivalent
(QE) per g dry weight (dw).

Determination of total flavonoid contents. The total flavonoid
content was determined by the aluminum complexation method as described
by [38]. In this method, 0.1 mL 10% aluminum nitrate, 0.1 mL 1 M potassium
acetate, and 4.3 mL 80% ethyl alcohol was mixed with 0.5 mL plant extract.
The samples were incubated for 40 min at room temperature, and the
absorbance was measured at 415 nm. All analyses were performed in
triplicates using spectrophotometer (Labomed Inc. Culver City-USA). Quercetin
was used as the standard to generate a calibration curve, and the results
were expressed as mg quercetin equivalent (QE) per g of dry weight (dw).

Free Radical Scavenging Activity Assay (DPPH). The scavenging
activity of methanol extracts against the 2,2-diphenyl-1-picrylhydrazyl
(DPPH) radical was determined using spectrophometric method at 517 nm
[39]. Briefly, 0.75 mL of plant extracts were mixed with 0.75 mL of 0.1 mM
DPPH in methanol. Radical scavenging activity was measured using gallic
acid and quercetin as standards. Results presented as SCso values indicate
the sample of concentration required to scavenge 50% of DPPH free radicals
(SCso; mg sample per mL methanol).

ABTS radical scavenging assay. The radical scavenging activity of
the extract against ABTS [2, 2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid)] was spectrophometrically determined at 734 nm [40]. ABTS solution
was prepared in water at a concentration of 7 mM. ABTS radical was obtained
by reacting the prepared ABTS stock solution with 2.45 mM potassium
persulfate and keeping the mixture in the dark at room temperature for 16-
18 hours. The results were expressed as SCsp; (Mg sample per mL).

Ferric Reducing Antioxidant Power Assay (FRAP). The antioxidant
capacity of the methanol extracts was spectrophometrically determined
using FRAP assay [41]. The FRAP reagent was prepared by mixing 25 mL
of acetate buffer (300 mM, pH 3.6), 2.5 mL of 10 mM TPTZ solution in 40 mM
HCI, and 2.5mL of 20mM FeCl3,6H,0O solutions. Trolox was used as a
standard (r? = 0.999). Results were given as pmol trolox equivalent per gram
of the extract.

DNA Cleavage experiments. An agarose gel electrophoresis was
applied to examine the DNA cleavage activity of Vt samples. Supercoiled
pBR322 plasmid DNA (100ug) was used without irradiation. Supercoiled
pBR322 plasmid DNA was treated with different concentrations of samples
ranging from 50 to 150uM in 10 % DMSO. All samples were incubated in
PCR tubes at 37°C for 2 hours. Then, the mixtures were loaded on 1%
agarose gel with ethidium bromide staining in TAE buffer (Tris acetic acid-

171



EMINE KILIGKAYA SELVI, NILGUN GULER, SEHER GUVEN, SERDAR MAKBUL

EDTA). Electrophoresis was performed at 75V for 60 minutes. The results
were visualized using the BioRad Gel Doc XR system and analyzed by
applying the Image Lab Version 4.0.1 Software program.

DNA Binding experiments using gel electrophoresis. The interaction
of the samples with CT-DNA was studied by performing an agarose gel
electrophoresis method. 50uM solutions of samples (Vt) were prepared in
DMSO. Then, a series of samples containing 50uM and different concentrations
of CT-DNA (0.375-3 mg/ml in ddw) were prepared, and the total volume was
adjusted to a final volume of 25ul with buffer in PCR tubes. The samples
were incubated at 37°C for 2 hours. Then, the mixtures were loaded with
the buffer on 1% agarose gel with ethidium bromide staining in TAE. The
electrophoresis was performed at 75 V for 2 hours. The results were visualized
by applying the BioRad Gel Doc XR system [42].

Statistical Analysis. Results from experiments are presented as the
mean * standard deviations of three parallel measurements. The SCs values
were calculated from linear regression analysis (Microsoft Excel program for
Windows, version 2003). Statistical analysis of the experimental results
obtained was carried out in SPSS (Version 16.0, Chicago, IL) using Mann—
Whitney U-test and Pearson correlation analyses. Differences of p< 0.01
were considered significant.
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