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Abstract. Sambucus ebulus has long been used in traditional medicine for its anti-
inflammatory and immune-modulatory properties; however, the cytogenetic safety of
its aqueous extract remains insufficiently studied. This research aimed to evaluate the
cytotoxic and genotoxic effects of S. ebulus fruit extract on Allium cepa root meristem
cells. A comprehensive phytochemical characterization was conducted, including total
phenolic and flavonoid content, antioxidant capacity (DPPH and FRAP), and HPLC
and GC-MS analyses. Treatment groups were exposed to extract concentrations of 1%,
5%, 10%, 20%, and 50% for 48 hours. Cytogenetic parameters such as mitotic index
(MI), chromosomal aberrations (CA), and micronucleus (MN) formation were eval-
uated. Tap water served as the negative control, while a 680 mg/L zinc oxide (ZnO)
solution was used as the positive control. HPLC analysis identified epicatechin, cat-
echin, gallic acid, chlorogenic acid, and rutin as the major phenolic constituents of the
extract. GC-MS results revealed a volatile profile dominated by isovaleric acid ethyl
ester, methyl isovalerate, and trans-p-ocimene. Antioxidant assays showed a total fla-
vonoid content of 1.008 + 0.02 mg QE/g, a FRAP value of 7.045 + 0.08 mg TE/g, and
a DPPH scavenging activity of 0.008 + 0.30 mg/mL. The results indicated that low
concentrations (1-10%) did not significantly suppress mitotic activity, whereas higher
concentrations (20% and 50%) led to a marked decrease in MI, along with increased
CA and MN frequencies. The extract exhibited dose-dependent effects on cell division.
The observed biological responses may be partly attributed to its phenolic and vola-
tile constituents. Overall, the findings highlight the dual nature of S. ebulus extract -
potentially beneficial at low doses but harmful at higher concentrations — underscoring
the importance of a scientifically grounded approach to its traditional use.

Keywords: Sambucus ebulus, Allium cepa assay, cytogenotoxicity, mitotic index, phe-
nolic compounds, micronucleus test.

INTRODUCTION

Medicinal plants have long served as a valuable resource for the preven-
tion and treatment of various diseases throughout human history. Despite
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advancements in modern medical systems, the World
Health Organization (WHO) reports that approximately
85% of the population in developing countries still relies
on traditional herbal products to meet their basic health-
care needs (Brasil 2006). However, the continued use of
certain plant species based solely on empirical knowl-
edge - without adequate scientific investigation into
their chemical composition and biological effects — raises
significant toxicological concerns. Thus, evaluating com-
monly used ethnomedicinal plants through scientific
methodologies is essential to define safe usage thresholds
(Martins et al. 2003).

Assessing the potential genotoxic and proliferative
effects of medicinal plants is critical to substantiate the
safety of their traditional use. In this context, cytogenetic
bioassays play an essential role in detecting chromosomal
alterations induced by chemically complex plant extracts.
Among them, the Allium cepa test stands out as a globally
recognized, sensitive, and cost-effective bioassay capable
of directly visualizing chromosomal changes caused by
mutagenic or potentially carcinogenic agents (Tedesco
and Laughinghouse 2012; Bonciu et al. 2018; Sarac et al.
2019). Numerous studies have successfully applied this
test to evaluate the cytotoxicity of plant-derived sub-
stances (Tedesco et al. 2015; Hister et al. 2017; Sousa et al.
2018; Trapp et al. 2020; Tuna-Giiloren et al. 2021; Mohan
and Joseph 2024). Furthermore, Rank and Nielsen (1994)
reported an 82% correlation between the A. cepa assay
and rodent carcinogenicity tests, suggesting its higher sen-
sitivity compared to the Ames test. Teixeira et al. (2003)
corroborated these findings by demonstrating consistency
across A. cepa root meristem cells, rat bone marrow cells,
and human lymphocytes, thereby confirming the reliabil-
ity of this model for cytogenetic evaluations.

Sambucus ebulus L. (dwarf elder) is a perennial her-
baceous species native to Tiirkiye, widely used in folk
medicine for its anti-rheumatic, diuretic, and wound-
healing properties (Yesilada et al. 2014; Barak et al.
2020). However, pharmacological research on this spe-
cies has predominantly focused on methanol- or etha-
nol-based extracts, while aqueous fruit extracts - com-
monly used in traditional applications - remain under-
explored with regard to their impact on cell division and
genetic material. Additionally, the relationship between
the levels of phenolic and volatile constituents in S.
ebulus fruits and their potential cytogenotoxic effects
has not been sufficiently investigated. Evaluating these
effects alongside antioxidant parameters such as total fla-
vonoid content (TFC), DPPH radical scavenging capac-
ity, and ferric reducing antioxidant power (FRAP) could
offer a more integrative understanding of the plant’s
functional potential.
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The present study aimed to evaluate the possible
genotoxic and proliferative effects of an aqueous fruit
extract of S. ebulus using the Allium cepa assay. Simulta-
neously, the chemical profile of the extract was compre-
hensively characterized: volatile constituents were ana-
lyzed via gas chromatography-mass spectrometry (GC-
MS), phenolic composition was determined using high-
performance liquid chromatography (HPLC), and anti-
oxidant activity was assessed through TFC, DPPH, and
FRAP assays. The aqueous extract was applied to A. cepa
root meristematic cells at concentrations of 1%, 5%, 10%,
20%, and 50% (v/v). Tap water served as the negative
control, while a 680 mg/L zinc oxide (ZnO) solution was
used as the positive control. Genotoxicity markers such
as mitotic index (MI), chromosomal aberrations (CA),
and micronucleus (MN) formation were evaluated in all
treatment groups and statistically analyzed. Overall, this
study seeks to provide scientific validation for the tradi-
tional medicinal use of S. ebulus and to elucidate the bio-
logical relevance of its functional constituents through a
multidisciplinary approach.

MATERIALS AND METHODS

Plant material and aqueous extract preparation

The fruits of Sambucus ebulus L. used in this study
were collected from their natural habitat in the Hatila

Figure 1. Sambucus ebulus fruit and its natural habitat. A. Fruiting
body of Sambucus ebulus growing in its native environment (Hatila
Valley, Artvin, Tirkiye). B. Fresh fruits of Sambucus ebulus col-
lected for aqueous extract preparation prior to phytochemical and
cytogenetic analysis.
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Valley of Artvin province, located in northeastern Tiir-
kiye (41°09°18.0”N 41°44'16.0”E; 1300 m) (Figure 1). The
botanical identification was conducted based on the Flo-
ra of Turkey (Davis 1970), and voucher specimens were
deposited under the reference number Aksu 378B at the
Artvin Coruh University Medical and Aromatic Plants
Application and Research Center.

For the preparation of the aqueous extract, a tra-
ditional method commonly used in folk practices was
adopted. Accordingly, freshly collected fruits were care-
fully washed with tap water and left to drain overnight
to remove excess moisture. Then, 40 grams of fresh fruit
were ground with 2000 mL of tap water using a labora-
tory mill until a homogeneous mixture was obtained.
The resulting crude extract was first filtered through
muslin cloth, followed by filtration using Whatman No.
1 filter paper to obtain a clear aqueous extract.

Antioxidant activity
DPPH radical scavenging activity

The free radical scavenging capacity of the aqueous
extract of Sambucus ebulus fruits was evaluated using
the DPPH (2,2-diphenyl-1-picrylhydrazyl) assay, based
on the procedure described by Molyneux (2004) with
minor modifications. Briefly, 0.75 mL of the extract at
various concentrations was mixed with 0.75 mL of 0.1
mM DPPH solution prepared in methanol. The mix-
ture was vortexed and then incubated in the dark at
room temperature for 50 minutes. After incubation,
the absorbance was measured at 517 nm using a UV-
Vis spectrophotometer. Trolox was used as the stand-
ard antioxidant. The scavenging activity was expressed
as ICso (mg/mL), which denotes the concentration of
extract required to inhibit 50% of the DPPH radicals.

Ferric reducing antioxidant power (FRAP)

The ferric ion reducing capacity of the aqueous
extract obtained from Sambucus ebulus fruits was deter-
mined based on the method originally described by Ben-
zie and Strain (1996) and further refined by Prior et al.
(2005). This assay is based on the principle that, under
acidic conditions, antioxidants present in the extract
reduce the ferric-tripyridyltriazine (Fe**-TPTZ) complex
to its ferrous form (Fe**-TPTZ), resulting in the forma-
tion of an intense blue-colored complex. The inten-
sity of the blue color, which directly correlates with the
sample’s antioxidant reducing power, was measured
spectrophotometrically at 593 nm. The FRAP values
were expressed as milligrams of quercetin equivalent

per gram of sample (mg QE/g), indicating the extract’s
potential to reduce ferric ions.

Total flavonoid content (TFC)

The total flavonoid content in the aqueous extract
of Sambucus ebulus fruits was quantified using a mod-
ified protocol adapted from Zhishen et al. (1999). This
colorimetric method is based on the formation of fla-
vonoid-aluminum chloride complexes. In particular,
aluminum ions interact with the C-4 carbonyl and
C-3 or C-5 hydroxyl groups of flavones and flavonols,
forming stable complexes. Additionally, aluminum
chloride may bind to ortho-dihydroxyl substitutions
on the A or B rings, though these interactions are
generally weaker. Quercetin was used as the reference
compound for calibration, with standard solutions
ranging from 0.03125 to 1.0 mg/mL. The absorbance
of the resulting complexes was measured spectro-
photometrically, and the total flavonoid content was
expressed as milligrams of quercetin equivalent per
gram of sample (mg QE/g).

High-performance liquid chromatography (HPLC) profil-
ing of phenolic compounds

To achieve a comprehensive analysis of structur-
ally diverse phenolic compounds, two different HPLC
protocols were utilized, both employing the ACE 5 C18
column (250 x 4.6 mm, i.d.) to maintain consistency in
stationary phase selectivity.

Method 1 was tailored to detect common phenolic
acids and flavonols. The chromatographic separation
employed a binary mobile phase system comprising (A)
acetonitrile and (B) 1.5% aqueous acetic acid. The gra-
dient began at 15% A and 85% B, progressively reaching
40% A and 60% B within 29 minutes. The chromato-
graphic system included a 1260 DAD WR detector set at
250, 270, and 320 nm; a 1260 Quaternary Pump oper-
ating at a flow rate of 0.7 mL/min; a 1260 Vialsampler
administering 10 pL injections; and a G7116A column
oven maintained at 35 °C (Table 1).

Method 2 was configured to enhance the separation
of phenolic compounds with extended conjugated sys-
tems or differing absorption profiles. It utilized a mobile
phase composed of (A) methanol and (B) 1.5% aqueous
acetic acid. The gradient began at 10% A and 90% B,
shifted to 40% A and 60% B by 29 minutes, continued
with 60% A and 40% B from 29 to 40 minutes, and end-
ed with 90% A and 10% B from 40 to 53 minutes. Detec-
tion wavelengths were set at 280, 290, 320, 370, and 535
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Table 1. Comparison of HPLC Method 1 and Method 2
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Parameter Method 1 Method 2
Mobile Phase A Acetonitrile Methanol
Mobile Phase B 1.5% Acetic Acid 1.5% Acetic Acid

Gradient Start

Gradient End

Run Time (min)

Detection Wavelengths (nm)
Flow Rate (mL/min)
Injection Volume (pL)
Column Temperature (°C)

15% A / 85% B
40% A / 60% B (at 29 min)

250, 270, 320

10% A / 90% B
90% A / 10% B (40-53 min)
53
280, 290, 320, 370, 535
0.7
10
35

nm. Flow rate, injection volume, and column tempera-
ture were kept identical to Method 1 (Table 1).

This two-method approach improved analytical reli-
ability and allowed for a broader characterization of the
phenolic profile by addressing the chemical heterogene-
ity of the target compounds.

HS-SPME-GC-MS analysis of volatile compounds

Volatile compound analysis was performed on the
aqueous extract prepared from the plant material, which
was transferred into headspace vials and tightly sealed
with silicone/PTFE septa prior to HS-SPME. The analy-
sis utilized the headspace-solid phase microextraction
(HS-SPME) technique, employing an autosampler (PAL
RSI, PAL System, Switzerland) equipped with a fiber
coated with a composite sorbent layer of divinylbenzene/
carbon wide range/polydimethylsiloxane (DVB/C-WR/
PDMS, 80 pm).

Samples were pre-equilibrated by incubation at
50 °C for 10 minutes prior to fiber exposure to the
headspace, followed by a 10-minute extraction peri-
od. Thermal desorption of analytes was achieved by
directly inserting the fiber into the GC injection port
under splitless mode and maintaining it for 10 min-
utes. This solvent-free approach allowed eflicient cap-
ture and transfer of volatile molecules for chromato-
graphic separation.

Gas chromatography was performed using an HP-
5MS capillary column (30 m x 0.25 mm, 0.25 pm; Agi-
lent Technologies) with helium as the carrier gas (1 mL/
min). The injector operated in splitless mode. The oven
temperature was programmed to begin at 50 °C (held
for 5 min), then ramped at 3 °C/min to 220 °C, followed
by a final isothermal step of 5 minutes. Ionization was
conducted via electron impact (EI) at 70 eV, and the
mass spectrometer acquired data over an m/z range of
30-500, with a scan rate of 3.1 scans per second.

Compound identification was based on compari-
son with entries in the NIST 14 (2014) spectral library
(National Institute of Standards and Technology, Gaith-
ersburg, MD, USA), with a match quality threshold of
>85%. Retention indices (RI) were calculated and com-
pared against established literature values for confirma-
tion. Data acquisition and peak deconvolution were pro-
cessed using Agilent’s MassHunter Qualitative Analysis
Workflows. Quantification of volatiles was performed by
calculating the percentage of each peak area relative to
the total ion chromatogram. Compound identifications
were additionally verified by matching retention indices
and spectral patterns with those of n-alkane standards.

Experimental design and application procedure

The meristematic cells of Allium cepa (onion, 2n =
16) roots were employed as a biological test system to
evaluate morphological and structural alterations in the
genetic material and to calculate mitotic indices. Prior to
the experiment, the outer scales of the bulbs were care-
fully removed without damaging the root primordia.
The bulbs were then placed in tap water at 22 °C in a
dark environment to induce root germination.

For each treatment group, 10 bulbs were initially
germinated. Once the root length reached 2-3 cm, five
healthy bulbs exhibiting uniform root growth were ran-
domly selected per group. These bulbs were exposed to
aqueous extract solutions at different concentrations for
48 hours: 1%, 5%, 10%, 20%, and 50% (v/v, extract/tap
water). In addition to the treatment groups, tap water
was used as a negative control and a 680 mg/L zinc
oxide (ZnO) solution served as the positive control. The
ZnO concentration was selected based on previous stud-
ies demonstrating its cytotoxic and genotoxic effects in
the A. cepa model (Kumari et al. 2011; Ghosh et al. 2016;
Debnath et al. 2020). The 48-hour exposure period was
determined based on the duration of the mitotic cycle
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in A. cepa (Boros and Ostafe 2020; Gupta and Kumar
2025). Following this exposure period, both morphologi-
cal assessments for root growth inhibition and cytoge-
netic analyses were conducted to investigate genotoxicity
indicators in detail.

Assessment of root growth inhibition

To determine the potential inhibitory effects of
Sambucus ebulus fruit extract on the primary root
development of Allium cepa, root length measurements
were carried out after 48 hours of treatment. From each
group - including the negative control (tap water), the
positive control (680 mg/L ZnO solution), and the
extract treatments (1%, 5%, 10%, 20%, and 50% v/v)
- a total of 50 roots were randomly selected, with 10
roots taken from each of five bulbs. The root lengths
were measured in millimeters and expressed as mean +
standard deviation (SD).

The percentage of root growth inhibition was calcu-
lated using the following formula:

Root Growth Inhibition (%) = (Mean root length of
control group — Mean root length of treatment group) /
Mean root length of control group x 100

This approach enabled a quantitative comparison
of inhibitory effects across all treatment groups and
revealed the dose-dependent biological response of A.
cepa roots to the aqueous extract.

Cytogenetic evaluation

At the end of the treatment period, one root tip was
randomly selected from each of the five bulbs in each
group, resulting in five slides per treatment group. Root
tips approximately 0.5-1 cm in length were excised and
fixed in a 3:1 solution of 3% ethanol and 1% acetic acid
for 24 hours. The fixed material was then hydrolyzed
in 1 N HCI at 60 °C for 5 minutes and subsequently
stained with Schiff’s reagent to prepare it for cytogenet-
ic analysis.

Microscopic examination was performed to evalu-
ate three major cytogenetic parameters for each group:
mitotic index (MI), micronucleus (MN) frequency in
interphase cells, and chromosomal aberrations (CA)
observed in dividing cells. These parameters were quan-
titatively assessed to determine the potential cytotoxic
and genotoxic effects of the extract on cell division and
genetic material, enabling comparative evaluation across
the different concentration groups.

Statistical analysis

All antioxidant assays and Allium cepa-based cytoge-
netic evaluations were carried out in three independent
replicates (n = 3). Results are expressed as mean + stand-
ard deviation (SD). Statistical analyses were performed
using SPSS software (version 22.0; IBM Corp., Armonk,
NY, USA). To determine statistically significant differ-
ences among treatment groups, one-way analysis of vari-
ance (ANOVA) was applied. When significant differences
were observed, Dunnett’s post hoc test was used to iden-
tify the groups differing from the control. Prior to the
ANOVA, data were assessed for normality using the Kol-
mogorov-Smirnov test and for homogeneity of variances
using Levene’s test. These tests verified that the assump-
tions for parametric analysis were met. Statistical signifi-
cance was accepted at p < 0.05.

RESULTS AND DISCUSSION

Allium species are widely recognized as reliable
biological model systems commonly used to evalu-
ate the cytotoxic and genotoxic effects of plant-derived
substances (Tedesco and Laughinghouse 2012, Bonciu
et al. 2018; Sarac et al. 2019). In traditional medicine,
plants are generally utilized in their entirety or with
specific parts (such as leaves, roots, stems) without sepa-
ration. Therefore, it is of great importance to evaluate
the toxicological profiles of herbal products in a holis-
tic manner. Moreover, it has been shown that the bio-
active compounds in plants can exert stronger and syn-
ergistic effects when interacting with each other rather
than acting individually (Tallarida 2011). This suggests
that the biological efficacy of plant-based treatments
often arises from compound-compound interactions
(Rajcevic et al. 2022).

In this study, the total flavonoid content (1.008
+ 0.02 mg QE/g), FRAP value (7.045 + 0.08 mg TE/g),
and DPPH radical scavenging activity (0.008 + 0.30 mg/
mL) of the fruit extract of Sambucus ebulus were meas-
ured (Table 2). Although the DPPH value was lower
than the Trolox standard (0.0033 + 0.00 mg/mL), the
obtained IC;, value is consistent with those reported for
aqueous Sambucus species in the literature (Pietta et al.
1998; Rodino et al. 2015). Considering that the aqueous
extract is aligned with traditional methods of use (infu-
sion, decoction), the values obtained can be considered
biologically relevant. However, studies have reported that
methanolic and ethanolic extracts of S. ebulus exhibit
higher antioxidant activity in DPPH and FRAP assays
(Pietta et al. 1998; Merig et al. 2014; Rodino et al. 2015).
In the studies conducted by ; Pietta et al. (1998) and
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Table 2. Antioxidant activity and flavonoid content of Sambucus
ebulus extract
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Table 3. HPLC profile of phenolic constituents in the aqueous
extract of Sambucus ebulus.

Parameter Value (Mean + SD)
Total Flavonoid Content (mg QE/g) 1.008 £ 0.02
Ferric Reducing Antioxidant Power (FRAP) 7,045 + 0.08
(mg QE/g)
DPPH 'Radlcal Scavenging Activity (ICj, 0.008 + 030
Inhibition-mg/ml)
Standard (IC50 DPPH Inhibition (mg/ml) 0.0033£0.00

Rodino et al. (2015), DPPH inhibition levels of metha-
nolic extracts were found to reach 80-90%, while aque-
ous extracts generally ranged between 40-60%. This has
been attributed to the better solubility of polyphenols
and flavonoids in organic solvents. Similar trends have
also been reported for S. nigra and S. canadensis species
(Sidor and Gramza-Michalowska 2015; Januskevicé et al.
2025). Ethanolic and acetonic extracts obtained from the
fruits and flowers of S. nigra were shown to be associated
with high phenolic content and strong antioxidant activ-
ity (Sidor and Gramza-Michalowska 2015; Januskevicé
et al. 2025). Although interspecies differences are to be
considered, the current findings support that S. ebulus is
a strong natural antioxidant source.

It is well established that antioxidants not only have
chemical potential but also exert cytogenetic effects
at the cellular level. Reactive oxygen species (ROS)
can lead to DNA damage, chromosomal abnormali-
ties, and mitotic disturbances, while antioxidants may
prevent such harmful effects (Merig et al., 2014; Sidor
and Gramza-Michalowska 2015; Kayiran et al. 2022;
Januskevicé et al. 2025). Therefore, it is presumed that
the antioxidant capacity of the aqueous extract used in
this study may be effective in reducing chromosomal
damage or preserving mitotic activity. Supporting this
assumption, Merig et al. (2014) reported that the high
phenolic content and DPPH activity in the methanolic
extract of S. ebulus were associated with non-cytotoxic
but potentially anticarcinogenic effects. Similarly, Rodi-
no et al. (2015) demonstrated strong anti-oxidative stress
effects with high FRAP (1725.5 + 9.8 umol Fe®"/g) and
DPPH (85.3 + 0.2%) values in S. ebulus fruit extract.

HPLC analyses revealed that the extract contains
significant phenolic compounds such as epicatechin
(398.29 mg/L), catechin (142.86 mg/L), gallic acid (135.4
mg/L), chlorogenic acid (89.58 mg/L), L-ascorbic acid
(94.98 mg/L), and rutin (81.43 mg/L) (Table 3, Figure 2).
According to the literature, flavonoids such as epicate-
chin and catechin are known to be involved in processes
related to cell cycle regulation and the enhancement of
mitotic activity (Alimullah et al. 2025; Aljuhaimi et al.

No Compounds (mg/L)
Vitamin
1 L-Ascorbic acid 94.98
Phenolics
2 Gallic acid 1354
3 3,4-Dihydroxy benzoic acid 53.1
4 Vanillic acid N/D
5 Syringic acid N/D
6 p-Coumaric Acid N/D
7 Trans-Caffeic acid 46.69
8 Ferulic acid
9 Rosmarinic acid 3.89
10 Pyrogallol 6.48
11 Chlorogenic acid 89.58
12 Resveratrol N/D
13 Oleuropein N/D
Flavonoids
14 (+)-Catechin 142.86
15 (-)-Epicatechin 398.29
16 Rutin 0.5
17 Myricetin N/D
18 Quercetin N/D
19 Apigenin N/D
20 Cyanidin chloride N/D
21 Hesperitin N/D
22 Kaempferol N/D
23 Baicalien N/D
24 Chrysin N/D

400

350
= 300
2250
g 200
E 150

100

50

0 y @(\ y c}‘\c 3 & 2 eb o & @)&‘
0‘\0 F & ?‘}a@ ‘D@qw}‘

M &

Figure 2. Bar chart illustrating the major phenolic compounds
detected in the aqueous extract of Sambucus ebulus via HPLC
analysis.

2025; Sancer et al. 2025; Uslu et al. 2025;). Therefore, it
is plausible that these compounds may exert beneficial
effects on cytogenetic parameters. Phenolic acids like
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Table 4. Volatile compounds identified in the aqueous extract of
Sambucus ebulus fruits by HS-SPME-GC-MS technique.

Table 5. Effect of Sambucus ebulus aqueous extract on root growth
in Allium cepa.

RT Content

Examined root Root length (mm) Inhibition

No (min) RI Name of the compound [%] Treatments number (Mean+SD) (%)
1 3.891 650 Butanal, 3-methyl- 4.162 Negative control 50 61.84+7.96 -
2 4329 716 Pentanal 1.285 Positive control 50 10.0245.53* 83.78
3 5899 790 Methyl isovalerate 24.848 1% 50 41.93+6.00 32.18
4 6.501 812 Hexanal 3.611 5% 50 46.76+6.09 27.61
5 6.775 821 Butanoic acid, 3-methyl-, ethyl ester ~ 10.544 10% 50 49.31£5.89 20.27
6 7.095 830 Butanoic acid, 3-methyl- 4.775 20% 50 31.29+6.34* 23.23
7 8209 827 Isovaleric acid, ethyl ester 25.277 50% 50 23.92+5.26* 61.32
8 14.344 1016 o-Cymene 7.486 *Significant at p<0.05.
9 14.575 1021 trans-.beta.-Ocimene 14.421
10 16329 1059 gamma.-Terpinene 3.591

gallic acid and chlorogenic acid have also been identified
as bioactive molecules with potential roles in reducing
DNA damage and maintaining chromosomal integrity.
In this context, Ami¢ et al. (2025) and Signorini et al.
(2025) have reported that these compounds might con-
tribute to the preservation of genetic material by miti-
gating oxidative DNA damage. Furthermore, L-ascorbic
acid is not only a potent antioxidant but also has been
associated with regulatory functions in the cell cycle
Shams (Shams El Dine et al. 2025). The presence of this
compound in the extract may help explain the observed
regulatory effects on mitotic activity. The coexistence of
these compounds is likely to enhance the overall antioxi-
dant capacity of the extract and may promote synergis-
tic interactions, further supporting its biological efficacy
(Tallarida 2011).

According to GC-MS analysis, more than 95% of
the volatile profile consisted of compounds such as ethyl
isovalerate, methyl isovalerate, and trans-PB-ocimene
(Table 4). These volatiles have been linked in the litera-
ture to antioxidant, anti-inflammatory, and membrane-
regulating properties (Calva et al. 2025; Jaishi et al. 2025;
Otto et al. 2025). In addition, o-cymene and butanoic
acid derivatives have been reported to enhance bioactiv-
ity through interactions with cellular membranes (Dor-
man and Deans 2000). This chemical diversity suggests
that the extract may possess a biological potential capable
of supporting cytogenetic activity (Rajéevi¢ et al. 2022).

The dose-dependent cytogenetic effects of the
extract were revealed through analyses of root elonga-
tion, mitotic index (MI), chromosomal abnormalities,
and micronucleus formation. The effect of the aque-
ous extract of Sambucus ebulus on root elongation was
observed in the negative control group, where the high-
est mean root length (61.84 £ 7.96 mm) was recorded.
This result indicates that mitotic activity proceeded
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Figure 3. Effect of Sambucus ebulus fruit extract on root elonga-
tion in Allium cepa after 48 hours of treatment. Root lengths (mean
+ SD) are shown for negative control (tap water), positive control
(ZnO, 680 mg/L), and extract-treated groups at 1%, 5%, 10%, 20%,
and 50% concentrations (v/v).

normally and that there was no impairment in cellular
proliferation. In contrast, in the positive control group
(ZnO treatment), a significant reduction in root length
(10.02 + 5.53 mm) was detected, confirming the test’s
sensitivity to toxic agents with an inhibition rate of
83.78% (Table 5, Figure 3).

Among the extract-treated groups, a dose-dependent
inhibition of root growth was observed as extract con-
centration increased. Notably, 50% (23.92 £ 5.26 mm)
and 20% (31.29 + 6.34 mm) concentrations resulted in
significant reductions in root length with inhibition
rates of 61.32% and 23.23%, respectively (Table 5, Fig-
ure 3). These effects were statistically significant com-
pared to the negative control, suggesting that the extract
contains bioactive compounds capable of affecting cell
division and elongation processes (Chauhan et al. 1999;
Murthy et al. 2011).

However, the relatively low inhibition rates observed
at moderate concentrations (1% to 10%) and the nonlin-
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Table 6. Effects of Sambucus ebulus aqueous extract on mitotic index and distribution of dividing cells at different stages in Allium cepa

root meristem cells.

Examined Cell Total number of  Total number of  Total number of  Total number of

Treatments Number MIESD cells at prophase cells at metaphase cells at anaphase  cells at telophase
Negative control 5000 7.71£1.07 440 200 60 110
Positive control 5000 2.24+0.04* 170 120 50 40
1% 5000 4.98+0.50 360 70 60 30
5% 5000 5.26+£0.90 430 60 70 30
10% 5000 6.55£3.16 330 180 70 80
20% 5000 2.56+0.39* 200 920 60 20
50% 5000 2.57+0.10* 170 140 70 2
*Significant at p<0.05.

ear response between 10% and 20% suggest that some
compounds may exhibit hormetic effects at low doses
or may activate non-cytotoxic mechanisms (Chauhan et
al., 1999; Murthy et al. 2011). Previous studies have also
reported that plant extracts rich in polyphenols and ter-
penoids may inhibit root growth in A. cepa by disrupting
mitotic spindle formation and interfering with cell wall
synthesis (Leme and Marin-Morales 2009; Celik 2012).

The effect on mitotic activity was assessed by consid-
ering MI values and the distribution of cells at different
mitotic stages in A. cepa root meristem tissue. The high
MI value observed in the negative control group (7.71
* 1.07%) indicates that the mitotic process functioned
physiologically without disruption. In contrast, the MI in
the ZnO-treated positive control group decreased signifi-
cantly to 2.24 £ 0.04% (p < 0.05), confirming that ZnO
inhibits mitosis and that the Allium test is a reliable mod-
el for detecting cytotoxic effects (Table 6).

In the extract-treated groups, MI values varied
depending on the applied concentration. At low concen-
trations (1%, 5%, and 10%), MI was determined as 4.98
* 0.50%, 5.26 + 0.90%, and 6.55 £ 3.16%, respectively
(Table 6). These values were significantly higher than
those of the positive control group, suggesting that these
doses did not suppress mitotic activity and may even
support limited proliferation. This aligns with the con-
cept of hormesis, which posits that certain natural com-
pounds can stimulate cellular responses at low doses
(Calabrese and Baldwin 2003). However, at higher con-
centrations (20%: 2.56 * 0.39%; 50%: 2.57 + 0.10%), MI
values dropped to levels comparable to the positive con-
trol, indicating that these doses markedly suppressed
cell division.

MI values changed inversely with concentration,
with lower doses supporting mitotic activity, while sig-
nificant reductions in MI were observed in the 20% and
50% groups. This decline may be explained by the abili-
ty of phenolic acids and volatile terpenes to inhibit mito-

sis at the G2/M phase (Akaneme and Amaefule 2012;
Yildiz et al. 2025).

Chromosomal abnormalities, particularly C-mitosis,
chromosome stickiness, and bridge formation, increased
markedly at higher doses. Similarly, micronucleus fre-
quencies showed significant increases at 20% and 50%
concentrations, while these effects remained minimal in
the 1-10% groups. These findings indicate that genotoxic
effects are dose-threshold dependent and that cell divi-
sion is not impaired at low concentrations (Calabrese
and Baldwin, 2003; Zdralovi¢ et al. 2019; Smirnova and
Korovkina 2021).

Structural anomalies commonly observed in the
positive control group - particularly C-mitosis, chro-
mosome stickiness, and chromatid bridges — were also
detected in the high-dose extract treatment groups. For
example, in the 50% extract group, the frequency of
C-mitosis (7.33 £ 0.00), bridge formation (4.00 + 1.41),
and chromosome stickiness (3.17 + 0.32) were consider-
ably high (Table 7, Figure 4). These anomalies are asso-
ciated with disruptions in the formation of mitotic spin-
dle fibers during the metaphase—anaphase transition
(Yuzbasioglu et al. 2003; Smirnova and Korovkina 2021).

In contrast, a lower number of abnormal cells were
observed in the extract treatments administered at low
and moderate concentrations, and structural abnormali-
ties generally remained at a mild level. This dose-depend-
ent trend suggests that increasing extract concentration
enhances genotoxic stress and exacerbates chromosomal
damage. Particularly in the 20% and 50% groups, the
total numbers of abnormal cells were recorded as 11.50 +
0.71 and 21.00 * 1.02, respectively (Table 7).

The formation of C-mitosis indicates the presence of
agents that disrupt spindle fiber development, whereas
chromosome stickiness may hinder the proper segre-
gation of chromosomes, potentially leading to mitotic
arrest (Asita et al. 2021; Pharmawati et al. 2022). Bridges
and lagging chromosomes are mitotic anomalies result-
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Table 7. Types of the chromosomal aberrations in Allium cepa root tip after application of Sambucus ebulus extract at different concentra-

tions.

Disturbed Chromosome Lo Chromatid Laggard Vagrant Total abberant

Treatments . C-mitosis .

prophase stickness bridge chromosome  chromosome cells
Negative control - 0.33+0.52 - 0.67+0.02 - - 1.00+0.21
Positive control 4.00+0.41 4.83+1.06 9.00+0.00 6.67+0.05 0.50+0.06 2.50+0.71 27.50+£0.71*
1% - 0.50+0.14 1.00+0.03 0.50+0.51 - 1.00+0.31 3.00+1.1
5% 0.67+0.01 0.33+0.02 - 0.50+0.01 - 1.50£0.11 3.00+0.7
10% - 0.78+1.20 0.33+0.58 1.56%0.02 - - 2.67+0.1
20% - 4.00+0.43 2.50+0.71 3.50+0.60 - 1.50£0.41 11.50+0.71*
50% 2.50+0.71 3.17+0.32 7.33+0.00 4.00+1.41 - 4.00+1.01 21.00£1.02*
*Significant at p<0.05.

Figure 4. Representative mitotic abnormalities observed in Allium
cepa root meristem cells with aqueous Sambucus ebulus extract. A.
Irregular prophase configuration; B. Chromosome adhesion (sticki-
ness); C. C-mitosis indicative of spindle apparatus disruption; D.
Chromatin bridge during anaphase; E. Vagrant chromosome; F.
Micronucleus formation. All images include scale bars correspond-
ing to 20 pm.

ing from improper chromosome separation toward the
poles and are commonly associated with DNA strand
breaks or replication errors (Leme and Marin-Morales
2009; Asita et al. 2021).

The obtained micronucleus (MN) data indicate that
the Sambucus ebulus fruit extract may exhibit genotox-

Table 8. Frequency of micronucleus formation in Allium cepa root
tip cells after application of Sambucus ebulus extract at different
concentrations.

Examined Cell

Treatments Number Micronucleus (%)

Negative control 5000 -

Positive control 5000 1.35+0.02*

1% 5000 0.05+0.01

5% 5000 0.05+0.01

10% 5000 -

20% 5000 0.45+0.07*

50% 5000 1.05+0.02*

*Significant at p<0.05.

ic potential at high concentrations, whereas its effects
remain minimal at lower concentrations (Table 8). Sta-
tistically significant increases in MN frequency were
observed particularly in the 20% and 50% treatment
groups, indicating that these doses may induce DNA
damage and genomic instability. However, in the 1% and
5% extract groups, MN frequencies remained similar to
those of the negative control, and no micronucleus for-
mation was detected at the 10% concentration (Table
8). These findings point to the possibility of a hormetic
response, suggesting that the extract does not impair
cytogenetic stability below a certain threshold concen-
tration (Calabrese and Baldwin, 2003).

CONCLUSION

This study demonstrates that the aqueous extract
obtained from the fruits of Sambucus ebulus exhibits
notable antioxidant and cytogenetic effects through
its bioactive compounds. While applications at low
concentrations displayed supportive effects on cellular
antioxidant defense and preservative effects on mitot-
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ic activity, higher concentrations led to suppression
of the cell cycle and structural damage to the genetic
material. These findings indicate that compounds such
as phenolic acids and volatile terpenes may elicit dif-
ferent biological responses depending on their con-
centration and interaction level (Sultan and Celik
2009; Smirnova and Korovkina 2021; Pharmawati
et al. 2022). Considering that S. ebulus is widely used
in traditional medicine for immunomodulatory, anti-
inflammatory, and antiviral purposes, the aim of this
study is not to label the plant as harmful, but rather to
draw attention to the potential cytogenetic risks asso-
ciated with concentrations exceeding certain threshold
doses. In particular, concentrations at or below 10%,
where no micronucleus formation was observed, pro-
vide preliminary data that could serve in defining safe
usage ranges for the aqueous extract of Sambucus ebu-
lus. The results reveal that S. ebulus, with its rich pro-
file of bioactive compounds, has the potential to mod-
ulate cell proliferation and genetic stability; they also
emphasize the necessity of carefully determining dose
ranges for safe and effective use.
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