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ABSTRACT: The use of conventional herbal medicines is a rapidly expanding phenomenon in developed nations. For
instance, 30%–50% of all drug use in China is attributed to traditional herbal preparations. Current study evaluated the
antioxidant (DPPH, FRAP), total phenolic and flavonoid content, antibacterial activity, and DNA damage protective
potential of aqueous and methanolic extracts obtained from the aerial parts and roots of Cymbocarpum wiedemannii
Boiss., an endemic plant in Turkey. In antioxidant analyses, the methanolic extract of the aerial parts showed the
highest %DPPH (73.38) and IC50 (3.46 mg/mL) values. The FRAP analysis revealed the highest iron-reducing capacity
in the methanolic extract of the aerial parts (108.10 ± 0.11 mg FeSO4/mL). The aqueous extract of the aerial parts
exhibited the highest total phenolic content (1.69 ± 0.02 mg gallic acid/mL), while the methanolic extract of the
aerial parts had the highest total flavonoid content (13.53 ± 0.09 mg rutin/mL). Antibacterial activity tests showed no
significant effect at a concentration of 1 mg/mL for the samples. DNA protective effects were tested on pBR322 plasmid
DNA, demonstrating that both aerial and root extracts could protect DNA from Fenton reaction-induced damage. In
conclusion, C. wiedemannii exhibits potential bioactive properties, particularly in terms of its antioxidant and DNA
protective effects.

KEYWORDS: Antioxidant; antimicrobial; DNA damage; C. wiedemannii

1 Introduction
Since ancient times, humans have known about plants in the Apiaceae family. Early civilizations easily

differentiated the distinctive fragrances, flavors, and edibility (or toxicity) of numerous Apiaceae species
flourishing in their regions, resulting in their use for varied purposes. Evidence of this comes from the
presence of coriander, cumin, and fennel in a Mycenaean text dating from the 17th–15th centuries BC [1].
Theophrastus of Eresus, a Greek botanist and student of Aristotle, stands out for his meticulous identification
of Apiaceae species. His writings mention anise, coriander, dill, caraway, and fennel more frequently than
any other plants within this family. Later, Dioscorides’ renowned Greek Herbal had over 50 Apiaceae plants
in its “Herbs” section [2]. Notably, 40 of these plants are now well-described in important historical texts [3].

The Apiaceae family is distinguished by the diverse odors and flavors of its member species. This unique
characteristic stems from their rich variety of phytochemical compounds. Early humans utilized Apiaceae
plants in various ways, including food, beverages, sweeteners, medicines, and industrial applications. Most,
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if not all, Apiaceae species are rich in bioactive compounds with potential pharmacological applications.
These compounds exhibit a wide range of properties, making them valuable for antispasmodic, carminative,
cosmetic, diuretic, laxative, sedative or stimulant, gastric, and topical uses. However, caution is advised, as
some Apiaceae taxa, such as hemlock (Oenanthe crocata), poison hemlock (Conium maculatum), and water
hemlock (Cicuta spp.) are highly toxic [4].

Plants possess sophisticated defense mechanisms, including the production of Reactive Oxygen Species
(ROS) to combat pests and harmful microorganisms [5]. This natural defense mechanism can translate into
potential health benefits for humans. Numerous studies have shown that plant extracts, rich in secondary
metabolites, exhibit antimicrobial and antioxidant activities [6,7]. These findings suggest that secondary
metabolites may play a significant role in the evolution of broad-spectrum treatments for various diseases [7].
A recent study by [8] employed RSH-GC/MS analysis to identify volatile components in Cymbocarpum
wiedemannii, detecting 14 compounds. Plants have a long past about their using in conventional medicine
due to potential biological properties. While some plant-based remedies are already integrated into alterna-
tive therapies, the discovery of side effects associated with conventional drugs has intensified the search for
safer alternative treatments [9]. Natural plant compounds derived from plants can be divided into several
categories. They can function as biologically active agents for direct therapeutic use, as precursor compounds
with specific biological properties to produce more effective derivatives, as unique structural frameworks
that can be converted into druggable molecules, or as chemical markers for standardizing crude plant
extracts. Additionally, plant extracts can be utilized in the creation of herbal formulations. Organic chemicals
identified and described from plant sources have long been utilized in the treatment of many diseases, and
they continue to play an important role in contemporary medicine. These chemicals are utilized both in their
natural state, as pure pharmaceuticals or herbal remedies, and as precursor molecules for the manufacture
of enhanced synthetic and semi-synthetic analogs with higher pharmacological potential. Important active
compounds utilized clinically today include morphine, codeine, noscapine, papaverine, quinine, artemisinin,
and paclitaxel [10,11]. Unfortunately, knowledge on the biological features of Cymbocarpum wiedemannii is
extremely sparse. Therefore, the present study aimed to lay the groundwork for future pharmacological and
pharmaceutical research on this plant. It is important to understand the role of free radicals in human health.
Various molecules, ranging from single compounds like hydrogen peroxide (H2O2) to complex polymers,
can act as radicals and damage vital cellular components like DNA, proteins, and lipids. These interactions are
linked to the development of many diseases, including cancers, cardiovascular diseases, and cataracts [7]. The
hydroxyl radical (OH) is a highly reactive molecule that can damage various biomolecules, including plasmid
DNA, and plays a key role in oxidative DNA damage. The Fenton reaction, triggered by Hydrogen peroxide
(H2O2) and transition metals like (Fe2+) and copper (Cu2+), produces hydroxyl radicals [12]. The reaction
mimics the intracellular production of hydroxyl radicals from iron and forms the basis of the DNA-nicking
assay. The assay replicates conditions found within living organisms by generating hydroxy radicals that can
damage the plasmid DNA structure. During the Fenton reaction, hydroxy radical production disrupts the
supercoiled form (Form I) of plasmid DNA, converting it to open circular (Form II) and nicked linear (Form
III) forms. According to Kitts, Wijewickreme [13], these altered DNA structures exhibit distinct mobility
during gel electrophoresis, allowing for their separation and visualization. Supporting this concept, previous
research by Leba, Brunschwig [14] demonstrated that blocking the Fenton reaction with organic solvents can
prevent DNA strand breaks, highlighting the role of hydroxyl radicals in this process [14]. DNA exists in
different forms depending on the degree of damage to its double helix. The intact, double-stranded helical
structure (supercoil) is known as Form I. Exposure to free radicals and other DNA-damaging interactions
might cause one strand to break. The transition from the tightly packed Form I to the more relaxed, open
circular Form II lowers mobility during gel electrophoresis. Further damage can break the other strand,
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resulting in the linear Form III, which migrates the slowest among the three forms. When stained with
ethidium bromide and visualized under UV light, these different DNA forms appear as distinct bands on
agarose gel [15].

Although numerous plant species have been studied for antioxidant, antibacterial, and DNA protective
capabilities, no such research have been undertaken on C. widemannii, which we explored in this paper. So
this study aimed to investigate the antioxidant and antibacterial activity of extracts from C. wiedemannii
Boiss (Turkish name: Tüysüz aşotu), along with their ability to protect DNA from damage. The antioxi-
dant capacity of the extracts was assessed using DPPH (2,2-diphenyl-1-picrylhydrazyl) and FRAP (Ferric
Reducing Antioxidant Power) assays, while total phenolic and total flavonoid content were also determined.
Additionally, the antibacterial activity and DNA protective effects of both methanol and aqueous extracts
were investigated.

2 Materials and Methods

2.1 Plant Tissue Extract Preparation
The plant sample was collected from its natural habitat responsibly to ensure minimal impact on the

natural population. The plant is located inside the 3425 m, 38○55’24” K, 42○51’07” D geographical coordinates.
In the laboratory, the obtained plant components were dried in a darkened environment to preserve their
bioactive chemicals. As tissues, both above-ground and root parts were then ground into a fine powder
using a mixer. Four grams of powder were weighed and placed in separate flasks, each containing 40 mL of
either water or methanol. These mixtures were shaken at 37○C for 24 h to facilitate extraction of the desired
compounds. Following filtration through coarse filter paper, the solvents were removed using an evaporator.
The concentrated plant extracts were then dried completely in an oven at 37○C within the same containers.
Finally, solutions were prepared at appropriate concentrations from the dried extracts and used in subsequent
experiments [16]. All analysis results in the study were performed using 1 mg/mL plant extract.

2.2 Determination of Total Phenolic Content in Tissues
The Folin-Ciocalteu (FCR) method was used to estimate the total phenolic content of the extracts. The

method relies on the reaction between FCR reagent and phenolic compounds in the presence of sodium
carbonate (Na2CO3), which produces a characteristic green color. One milliliter of each sample was added
to separate tubes, followed by 1 mL of FCR reagent. The mixtures were incubated at room temperature for
3 min. Then, 1 mL of a saturated Na2CO3 (7%) was added. Foaming and green color creation were observed at
this phase The tubes were then incubated in the dark for 90 min at room temperature. Finally, the absorbance
of the samples was measured at 760 nm wavelength using a spectrophotometer [16].

Blind; 1 mL solvent + 1 mL FCR + 1 mL 7% Na2CO3; Standard was prepared with solutions of Gallic
acid at different concentrations (0.05–1 mg/mL).

2.3 Determination of Total Flavonoid Content in Tissues
The flavonoid concentration in the extracts was evaluated by reading the response of NaNO2 extracts

with AlCl3 at 510 nm wavelength. After adding 400 μL of 80% methanol to 1 mL of the extract (separate for
every concentration adjusted), 30 μL of 5% NaNO2 was added and left to incubate for 6 min. At the end of
the time, 30 μL of 10% AlCl36H2O was added, shaken well, left for six minutes, then 400 μL NaOH (1 M)
was added and incubated for 15 min. The absorbance of the resulting solution was measured at a wavelength
of 510 nm using a spectrophotometer [16]. Blind: 80% methanol + 30 μL 5% NaNO2 + 30 μL 10% AlCl3.
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6H2O + 400 μL NaOH (1 M) Standard Regression Curve was plotted for numerous concentrations
(0.1–1 mg/mL) of Rutin.

2.4 Assessing Antioxidant Activity in Samples
2.4.1 DPPH Analysis

One milliliter of each prepared plant extract concentration was pipetted into separate tubes. Then, 4 mL
of a 0.001 M DPPH solution (prepared in absolute methanol) was added to each tube. The mixtures were
thoroughly mixed and incubated for 30 min to allow the DPPH radical to react with potential antioxidant
compounds present in the extracts. The absorbance of each sample was measured at 517 nm using a
spectrophotometer. 1 mg/mL extract concentration was used for DPPH activity and a control sample was
prepared by adding 1 mL of methanol to 4 mL of DPPH [16,17].

DPPH Activ ity (% inhibition) = AK − A1

AK
× 100 (1)

where AK is the control absorbance and A1 is the sample absorbance.

2.4.2 FRAP Analysis
To assess the antioxidant activity of the extract, the FRAP method was employed with modifications

based on the protocol [18]. A freshly prepared FRAP solution was used, containing sodium acetate buffer (300
mM, pH 3.6), 10 mM TPTZ (2,4,6-Tris (2-pyridyl)-triazine), and ferric chloride solution (20 mM) prepared
in 40 mM HCl, in a 10:1:1 ratio. For each sample, 100 μL of the concentrated extract was mixed with 3 mL
of FRAP solution. The last concentration used for FRAP analysis was 1 mg/mL extract. The mixtures were
incubated at 37○C for 4 min with mixing at one-minute intervals. Absorbance was then measured at 593 nm
wavelength using a spectrophotometer. Ferrous sulfate was used as the standard for calibration [16]. The
results were expressed as mM FeSO4 per gram of dried sample weight.

2.5 Determination of Antimicrobial Activity
The disc diffusion approach was employed to assess the antimicrobial activity of the extracts against

various microorganisms. This method relies on the diffusion of the extract from a paper disc into an agar plate
containing the test organism (Staphylococcus aureus ATCC 6538P and Bacillus cereus ATCC 7064, gram-
positive bacteria, Escherichia coli W3110, gram-negative bacteria and Candida albicans ATCC 10231, yeast).
Determination of antimicrobial activity was done according to previous studies [19–21].

2.6 Media Preparation
Approximately 24 h before the assay, bacteria, and fungi were subcultured using nutrient broth (NB)

and yeast peptone dextrose agar media. Hinton Agar and two-fold Muller Hinton Broth (×2 MHB) were
utilized to assess the minimum inhibitory concentration (MIC) and the zone of inhibition [22]. A precise
scale weighed 4 g of Nutrient Broth as a liquid media. Then it was placed in an Erlenmeyer filled with 500 mL
of pure water. After that, the mouth of the Erlenmeyer was cotton wooled, coated in aluminum foil, and
prepared using an autoclave or microwave equipment. According to a prior study, the processes for media
preparation were completed [23].
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2.7 Assessment of Activity of DNA Damage
The capacity of various concentrations of the extract of C. wiedemannii Boiss to preserve pBR322

plasmid DNA from the damaging effects of free •OH radicals generated by Fenton’s reagent was assessed
by DNA damage protection assay as conducted in different studies [24,25]. The combination of reactions
contained 6 μL of plasmid DNA, 3 μL of Fenton’s reagent (30 mM H2O2, 50 mM Ascorbic acid, and 80 mM
FeCl3), and 6 μL of above-ground or root extract (10 μg/mL). The final volume was adjusted to 15 μL with
ddH2O. Negative or positive controls replaced Fenton’s reagent or plant extract with water, respectively. After
incubation at 37○C for 30 min, 15 μL of the volume was mixed with 3 μL of loading dye (Thermo 6x loading
dye) and loaded onto a 0.5% agarose gel consisting of 0.25 g agarose and 1 μL ethidium bromide in 50 mL
TAE. Electrophoresis was performed at 80 V for 1 h, followed by gel visualization using a Biorad Gel Doc
and Image Lab software.

2.8 Statistics
Values were presented as mean ± standard deviation. Data visualization and statistical analyses were

carried out using Origins 6.1 (OriginLab, Northampton, MA, USA). Statistical analysis achieved in the
current study was addressed using Student’s t-test, with significance set at p < 0.05.

3 Results and Discussion

3.1 Antioxidant Activity Analysis
Phenolic compounds are recognized for their significant antioxidant activity, principally because of their

capacity to release harmful hydrogen atoms or electrons, thereby neutralizing free radicals and reducing
oxidative stress. The presence of hydroxyl groups in their structure increases their radical scavenging
potential, making them effective in preventing oxidative stress-related damage. In addition, phenolic can
chelate metal ions and reduce their catalytic role in the formation of reactive oxygen species (ROS). The
strong correlation between phenolic content and antioxidant capacity is widely recognized, with higher
phenolic concentrations generally leading to increased antioxidant activity [26].

The DPPH method was carried out determination the free radical scavenging activity of the plant
extracts. At a concentration of 1 mg/mL, the aboveground water extract exhibited the highest free radical
scavenging capacity (47%), followed by the aboveground methanol extract (73%), root water extract (29%),
and root methanol extract (26%) (Fig. 1). Lower Ic50 values indicate greater antioxidant capacity. The
Ic50 values for extracts were determined to be 2.9, 3.8, 3.5, and 3.9 mg/mL for the aboveground water,
aboveground methanol, and root methanol extracts, respectively (Fig. 1).
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Figure 1: Percent DPPH analysis result graph

The FRAP assay was performed at a concentration of 1 mg/mL for all samples. The above-ground
methanol extract samples displayed the highest FRAP capacity, indicating strong decreasing power (Fig. 2).

Karakay et al. evaluated the health effects of essential oils derived from Cymbocarpum erythraeum [9].
Their research indicated that the oils have not only antioxidant capabilities, but also other intriguing biologi-
cal impacts. These included the ability to kill cancer cells (Cytotoxic activity) and inhibit enzymes crucial for
nerve function (anticholinesterase activity). The antioxidant capacity of the essential oils was measured using
DPPH, TBA, and TOS assays. The Ellman method was employed to assess their anticholinesterase activity
against acetylcholinesterase (AChE) and butyrylcholinesterase (BuChE). Cytotoxic activity was evaluated on
human cancer cell lines (U-87MG and PC-3) using the MTT assay. The study identified the root essential
oil as particularly effective in targeting PC-3 cells, exhibiting nearly 50% cell death at a concentration of 0.03
mh/L. In contrast, the essential oil from the aerial parts (including flowers) demonstrated a stronger cytotoxic
effect against U-87MG cancer cells (34.62% at 0.03 mg/L). Furthermore, the root oil exhibited the most potent
inhibition of both AChE and BuChE with values of 113 and 197 μM, respectively. Chemical analysis using GC-
FID and GC-MS techniques revealed the key components of both root and aerial oils. (E)-2-decenal (52.1%),
(E)-2-dodecenal (36.1%), and (E)-2-tetradecenal (22.3%) were identified as the most abundant constituents.
The study also highlighted that (E)-2-dodecenal, the main compound in root oil, possesses individual
inhibitory effects against AChE and BuChE (IC50 values of 100 and 136 μM, respectively) and antioxidant
activity, further supporting its potential as a bioactive agent. By scavenging reactive oxygen species (ROS)
and shielding cellular structures, phenolic chemicals are essential for improving oxidative stress tolerance
in plants. Crude extracts from phenolic-rich fruits, vegetables, herbs, and grains are becoming more and
more popular in the food industry due to their potent antioxidant qualities. These natural extracts are prized
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for their possible health benefits, such as lowering the risk of oxidative stress-related illnesses in people, in
addition to their capacity to maintain food quality [27].

Figure 2: Total FRAP (FeSO4), phenolic and flavonoid

3.2 The Total Amount of Flavonoids and Phenolic Found in Tissues
The total phenolic motif of the extracts of the sample was identified as gallic acid equivalent (mg gallic

acid/mL extract). The highest phenolic content was discovered in the above-ground aqueous extracts, while
the root aqueous extract exhibited the lowest value (Fig. 2).

Camele et al. [28] conducted independent hydrodistillations on crushed fruits and vegetative com-
ponents of C. wiedemannii. The oils were then analyzed using GC/MS [28]. The research yielded the
identification of 56 components, accounting for 96% of the fruit oil content. In comparison, 33 chemicals
representing 94% of the oil were described in the oil recovered from the aboveground sections.

Fidan et al. [8] investigated the volatile components of the endemic, fragrant plant C. wiedemannii
taxon using an automated robotic sample handling of chromatography-mass spectrometry technique (RSH-
GC/MS). This analysis identified a total of 14 distinct volatile components. Among these essential oils,
Butanal, 2-methyl- (Area 48.69%) had the highest rate, while Octanal (Area 0.54%) had the lowest.

Butanal, 2-methyl, one of the main components, has been found to have antimicrobial activity [28].
The second and third main components, à-Pinene and Linalol, have been reported to have antimicrobial,
antifungal, and anti-inflammatory activities, respectively [29,30]. In a prior study, Cymbocarpum erythraeum
was used, and the results revealed that this plant has excellent antioxidant activity. It was also expected that



788 Phyton-Int J Exp Bot. 2025;94(3)

C. erythraeum could serve as a natural alternative to synthetic medications, offering a viable option for herbal
drug development in neurological and cancer treatments [9].

3.3 Identification of DNA Damage Repair
This experiment aimed at the protective impact of plant extract content on pBR322 plasmid DNA

contrary to damage caused by free -OHradicals. The Fenton reaction generates -OH radicals, which are
known to cause oxidative breaks in DNA strands, converting the circular plasmid DNA into a linear form [31].
When exposed to Fenton’s reagent, the plasmid DNA primarily undergoes the production of reactive species
and -OH radicals. These radicals then induce strand breaks in the plasmid DNA. The natural supercoiled
form (Form I) of pBR322 plasmid DNA is composed of an open circular form (Form II) with a single strand
break and a linear form (Form III) with additional breaks [27,32].

The effect of the herbal extract on the plasmid DNA against the Fenton agent is shown in Fig. 3. Lane 1
shows the control plasmid DNA with minimal single-stranded breaks (Form II). In line 2, Fenton’s reagent
exposure induces DNA strand breaks, converting the supercoiled form (Form I) to an open circular form
(Form II). Lane 3 demonstrates that methanol exposure alongside the Fenton reagent further fragments the
DNA (Forms I and II), likely due to methanol’s ability to break DNA at multiple sites [33,34]. Lanes 4 and
5 show partial restoration of the fragmented DNA (Forms I and II) when treated with methanol-prepared
aboveground and root extracts, respectively, suggesting some protective effects. However, lanes 6 and 7 reveal
that water-extracted C. wiedemannii extracts from both aboveground and root parts lacked a protective effect
against Fenton’s reagent-induced DNA damage (Fig. 3).

Figure 3: Effect of different plant tissues on DNA damage repair (1) pDNA (pBR322) +Water, (2) pDNA + Fenton +
Water, (3) pDNA + Fenton +Methanol, (4) pDNA + Fenton + above the soil-Methanol Extract, (5) pDNA + Fenton +
Root-Methanol Extract, (6) pDNA + Fenton + above soil-Water Extract, (7) pDNA + Fenton + Root-Water Extract

Previous research has explored the potential of plant extracts for DNA protection against oxidative
damage. A previous study reported that methanol extracts from the leaves and flowers of Ferulago cassia
Boiss. Exhibited DNA protective effects, suggesting their potential as an anticancer agent [35]. Similarly,
Anand, Mahadeva [36] demonstrated that a methanolic extract of Centella asiatica (L) Urb, belonging to the
Apiaceae family, possessed various biological properties, including antioxidant activity, reducing power and
the ability to protect DNA from damage [36].

3.4 Antimicrobial Activity
This study evaluated the antimicrobial activity of a Cymbocarpum erythraeum extract against various

microorganisms at a concentration of 1 mg/mL but showed no significant inhibitory effects. This lack of
activity could be due to the specific microorganisms tested or the extract concentration. Heidari, Manayi [37]
found potential antimicrobial properties in Cymbocarpum erythraeum. They isolated various secondary
metabolites and observed that the plant’s hexane extracts effectively inhibited all tested Helicobacter pylori
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strains. This prior study also identified four potentially active compounds: isoquercetin, rutin, β-sitosterol,
and 2-desenol. These contrasting findings suggest that Cymbocarpum erythraeum extracts might have
selective antimicrobial properties.

4 Conclusion
Phytochemical compounds play an increasingly important role in medicine today. They are being uti-

lized in preventive medicine, body defense mechanisms, and even as first-line treatments for various diseases,
offered in the form of herbal products. Therefore, identifying the chemical content profiles of these known
medicinal plants, as well as exploring new, undiscovered plant sources, is crucial for further advancement.

Our study focused on the C. wiedemannii taxon. Analyses of extracts obtained using different solvents
revealed promising biological activities. Specifically, the methanol extracts from both the above-ground
and root tissues revealed the ability to prevent DNA damage. According to the results of the FRAP
experiment and significant DPPH scavenging activity, this study indicates the strong antioxidant capabilities
of Cymbocarpum wiedemannii, notably in its methanol-ethanol extract from aerial sections. A substantial
relationship between phenolic components and antioxidant potential is suggested by the high total phenolic
and flavonoid content. Furthermore, the protective activity of aerial and root extracts on pBR322 plasmid
DNA against Fenton’s reagent suggests prospective DNA damage prevention qualities, supporting the plant’s
potential function in preventing diseases linked to oxidative stress. Based on these promising findings,
we believe further in-depth investigations are warranted. Further studies could explore a wider range of
extract concentrations and different solvent systems to improve the bioactive chemicals’ extraction from
Cymbocarpum wiedemannii. It is anticipated that more comprehensive data on the natural ingredients of
plants will provide researchers with a new path to verify and identify this natural functional food as a
suitable pharmacological drug, such as antioxidants, DNA protection, and antimicrobial potential of plant
ingredients in the coming years.
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ROS Reactive Oxgen Species
DNA Deoxyribonucleic Acid
H2O2 Hydrogen peroxide
FRAP Ferric Reducing Antioxidant Power
DPPH 2,2-diphenyl-1-picrylhydrazyl
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AChE Acetylcholinesterase
BuChE Butyrylcholinesterase
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20. Hallaç B, Kilinççeker O, Acar Z. Siirt’te yetişen zivzik narlarından (Punica granatum L.) elde edilen kabukların
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