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Abstract 
Medicinal plants are increasingly explored as sources of anticancer compounds, and Verbascum sinuatum L. 
has gained attention for its rich phytochemical profile. This study evaluated the antimitotic, genotoxic, and 
cytotoxic effects of its leaf extract and flavonoid aqueous and butanolic fractions. HPLC-UV analysis 
identified 16 phenolic compounds, including gallic acid, hydroxycinnamic acids, and flavonoids such as 
catechin, luteolin, and quercetin. Both fractions showed high flavonoid content (97.70 ± 0.02 μg QE/mL and 
95.43 ± 0.01 μg QE/mL). Using the Allium cepa assay, all samples reduced the mitotic index, with a stronger 
effect at the higher concentration of the aqueous extract (42.20 ± 2.44% and 31.00 ± 2.50% at 4 and 10 
mg/mL, respectively), and the butanolic fraction reducing it to 47.20 ± 1.03%, comparable to quercetin (44.40 
± 0.72%), while the aqueous flavonoid fraction showed a milder effect (70.00 ± 0.75%). All treatments 
induced chromosomal abnormalities, highest in the aqueous extract and butanolic fraction (24.52 ± 3.31%, 
27.09 ± 3.63%, 26.51 ± 8.06%), whereas the aqueous flavonoid fraction showed lower genotoxicity (12.04 ± 
2.83%). Cytotoxicity was more pronounced at the higher concentration of the aqueous extract (45.76 ± 2.64% 
and 33.61 ± 2.70%), moderate for the butanolic fraction (51.19 ± 1.29%), and lowest for the aqueous 
flavonoid fraction (75.92 ± 1.10%), indicating lower nonspecific toxicity in this plant model. 

 
Keywords: Allium cepa; antimitotic activity; chromosomal aberrations; cytotoxicity; genotoxicity 

1 Introduction 
Medicinal plants have long been recognized as valuable sources of bioactive compounds with diverse 

therapeutic applications (Gurib-Fakim, 2006). These compounds, mainly secondary metabolites synthesized 
in response to environmental stressors, exhibit a wide spectrum of pharmacological activities. Their efficacy, 
well established in traditional medicine, has also attracted increasing attention in modern biomedical research, 
where they are being explored for the development of novel therapeutic agents and adjuvant approaches 
(Atanasov et al., 2021). 
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Among the many plants of pharmacological interest, Verbascum sinuatum L., a biennial herb native to 
the Mediterranean region and belonging to the Scrophulariaceae family, has gained increasing attention due 
to its phytochemical diversity and biological potential (Qureshi and Bhatti, 2008; Sarralheiro et al., 2020). 
Phytochemical investigations of the Verbascum genus have identified numerous bioactive constituents, 
including iridoid glycosides, flavonoids, phenolic acids, and terpenoids (Blanco-Salas et al., 2021; Zengin et 
al., 2021). These metabolites are largely responsible for the plant’s reported antioxidant (Zengin et al., 2023), 
anti-inflammatory (Tatli et al., 2009), and cytotoxic activities (Georgiev et al., 2011). Notably, compounds 
such as verbascoside, apigenin, and chlorogenic acid have shown various biological effects in different in vitro 
and in vivo experimental models (Marčetić et al., 2025). 

Cancer remains one of the leading causes of death worldwide, and despite advances in chemotherapy 
and targeted therapies, treatment is still limited by severe side effects, resistance mechanisms, and high 
recurrence rates. This has increased interest in plant-derived compounds as potential sources of multi-target 
bioactive molecules for further pharmacological investigation. Phenolic compounds, in particular, have 
demonstrated notable biological activities, including modulation of oxidative stress, interference with cellular 
signaling pathways, and regulation of cell cycle progression in experimental models (Pandey and Rizvi, 2009; 
Kashyap et al., 2022). These properties support their relevance as candidates for further toxicological and 
biological evaluation. 

In this context, the present study aims to characterize the phytochemical composition of Verbascum 
sinuatum leaf extract and to assess its antimitotic, genotoxic, and cytotoxic effects using the Allium cepa root 
meristem assay, a well-established cytogenetic model widely used for preliminary toxicity screening (Fiskesjö, 
1985; Grant, 1999). By integrating phytochemical profiling with cytogenetic evaluation, this work 
contributes to the scientific documentation of V. sinuatum and provides preliminary evidence of its biological 
activity in a plant-based model. The study aligns with current priorities in natural product research, which 
emphasize comprehensive chemical characterization and biological screening as early steps in the 
identification of bioactive compounds (Harvey et al., 2015). 

2 Materials and Methods 

2.1 Plant Material Collection and Preparation 
Leaves of Verbascum sinuatum L. were collected during May 2022 from Addekar, Asif El Hammam 

region (36°45′N, 5°03′E, elevation 320 m) in Béjaia province, Algeria. The plant material was authenticated 
by comparison with herbarium specimens at the University of Béjaia (voucher specimen VS-2022-05-001). 
Following collection, leaves were washed with distilled water, shade-dried at 25 ± 2 °C for 15 days, and ground 
to a fine powder (particle size <0.5 mm) using an electric grinder (IKA A11 basic). The powdered material 
was stored in amber glass containers at room temperature (25 ± 1 °C) until extraction (Qureshi and Bhatti, 
2008; Zengin et al., 2021). 

The extraction yield (%) was calculated using the following formula: 

Yield (%) = (weight of lyophilized extract / weight of dried plant powder) × 100 

2.2 Extraction Procedures 

2.2.1 Aqueous Extraction 
Ten grams of powdered leaves were macerated in 90 mL of distilled water (1:9, w/v) for 24 hours at 25 

± 1 °C under continuous agitation (150 rpm) using an orbital shaker (Heidolph Unimax 1010). The resulting 
extract was filtered through Whatman No. 1 filter paper, lyophilized using a Christ Alpha 1-4 LDplus freeze-
dryer, and stored at 4 °C in airtight containers until further use (Sarralheiro et al., 2020). 
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2.2.2 Flavonoid Fractionation 
Flavonoid-enriched fractions were prepared according to Bekkara et al. (1998) with modifications. 

Briefly, 1 g of powder was extracted with 20 mL methanol (HPLC grade) for 24 h at 25 ± 1 °C. After filtration, 
the solvent was evaporated under reduced pressure at 40 °C (Heidolph Rotary Evaporator). The residue was 
suspended in 10 mL distilled water and partitioned with equal volumes of ethyl acetate (3 × 10 mL) followed 
by n-butanol (3 × 10 mL). The butanolic and aqueous phases were concentrated separately and stored at 4 °C 
(Blanco-Salas et al., 2021). 

2.2.3 Preparation of treatment solutions 
Prior to biological assays, the crude aqueous extract and flavonoid fractions were reconstituted in 

distilled water to obtain the required working concentrations. The dried extracts were first dissolved in a 
minimal volume of distilled water and then diluted to the final concentrations used in the experiment. All 
solutions were freshly prepared before treatment. 

2.3 Phytochemical Analysis 

2.3.1 HPLC-UV Analysis 
The composition of the extract was analyzed using an Agilent 1100 HPLC system equipped with a 

diode array detector (DAD) and a Hypersil BDS-C18 column (250 × 4.6 mm, 5 μm particle size). The mobile 
phase consisted of solvent A (0.2% acetic acid in water) and solvent B (acetonitrile), with the following 
gradient program: 0–5 min, 5% B; 5–25 min, linear increase from 5% to 95% B; 25–30 min, 95% B isocratic. 
The flow rate was set at 1.5 mL/min, the column temperature at 30 °C, and the injection volume was 5 μL. 
Detection was performed at 254, 280, and 320 nm. The identification of compounds was confirmed by co-
injection with authentic reference standards (Sigma-Aldrich, purity >98%) and by comparing both retention 
times and UV spectra (200-400 nm). The analysis was considered semi-quantitative, as no absolute 
quantification was performed. Therefore, results are expressed as relative peak area (%) of each compound in 
relation to the total integrated peak area of all detected phenolic compounds (Lahcene et al., 2018; Mestar et 
al., 2018). 

2.3.2 Total Flavonoid Content 
Flavonoid content was determined using the aluminum chloride colorimetric method (Bahorun et al., 

1996). Briefly, 1 mL of sample was mixed with 1 mL 2% AlCl₃ in methanol. After 10 min incubation at 25 
°C, absorbance was measured at 430 nm (Shimadzu UV-1800 spectrophotometer). Quercetin (0-100 μg/mL) 
was used for calibration (R² = 0.998). Results were expressed as μg quercetin equivalents (QE)/mL. 

2.4 Antimitotic and Genotoxicity Assessment 

2.4.1 Allium cepa Test 
The assay was performed according to Fiskesjö (1985) with modifications by Shweta et al. (2012). 

Onion bulbs (2-2.5 cm diameter) were germinated in distilled water at 25 ± 1 °C for 72 h. Root tips (2-3 cm) 
were exposed to test solutions for 24 h. 

The tested concentrations were prepared as follows: 
Crude aqueous extract (CAE): Lyophilized powder was dissolved in distilled water to prepare a stock 

solution of 20 mg/mL, then diluted to final concentrations of 4 mg/mL and 10 mg/mL. 
Flavonoid fractions (butanolic BFF and aqueous AFF): Based on total flavonoid content, each fraction 

was diluted with distilled water to a final concentration equivalent to 100 μg QE/mL (quercetin equivalents). 
This standardization was performed to compare the biological effects of the two flavonoid-rich fractions at 
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approximately equivalent flavonoid levels, rather than to provide absolute quantification of individual 
compounds in each fraction. 

Positive control: Quercetin was first dissolved in a minimal volume of DMSO and then diluted with 
distilled water to a final concentration of 1 mg/mL; the final DMSO concentration did not exceed 0.01%. 

Negative control: Distilled water. Because the final DMSO concentration in the quercetin treatment 
was below 0.01%, distilled water was used as the negative control. 

After treatment, roots were fixed in ethanol:acetic acid (3:1 v/v) for 24 h, hydrolyzed in 1 N HCl at 
60 °C for 5 min, and stained with 0.5% acetocarmine. 

2.4.2 Cytogenetic Parameters 
For each treatment, five independent biological replicates were used, each consisting of one onion bulb. 

From each bulb, one root tip was excised, and 70 meristematic cells were scored under a light microscope 
(Olympus CX43) at 400× magnification. A total of 350 cells were analyzed per treatment (70 cells per bulb × 
5 bulbs). The reported number of cells corresponds to the combined total across all biological replicates. 

The following parameters were calculated: 
Mitotic Index (MI) = (Number of dividing cells / Total number of cells) × 100. This index reflects the 

rate of cell proliferation. 
Phase Index (PI) = (Number of cells in a specific mitotic phase / Total number of cells) × 100. This 

index provides information on the distribution of cells in different mitotic stages (prophase, metaphase, 
anaphase, telophase). 

Aberration Index (AI) = (Number of cells with chromosomal aberrations / Total number of cells) × 
100. This index is used to assess the genotoxic potential of the tested substances. 

Cytotoxicity Limit Value (CLV) = (MIt / MIn) × 100, where MIt is the mitotic index of the treated 
group and MIn is that of the negative control (Grant, 1999). This parameter helps determine the threshold 
concentration at which significant cytotoxic effects occur. 

2.5 Statistical Analysis 
Data were analyzed using STATISTICA 10.0 (StatSoft Inc.). One-way ANOVA followed by Tukey's 

post-hoc test (p < 0.05) was used for multiple comparisons. Results are presented as mean ± standard deviation 
(SD) of five biological replicates per treatment. 

3 Results 

3.1 Extraction Yields 
The lyophilization of the crude aqueous extract (CAE) gave a yield of 12.67±1.23%(w/w) relative to 

the initial dry plant powder. Following fractionation, the aqueous flavonoid-rich fraction (AFF) yielded 
5.54%±1.45 (w/w) and the butanolic flavonoid fraction (BFF) yielded 6.45%± 2.12 (w/w), based on the 
starting amount of CAE. 

3.2 Identification of Phenolic Compounds 
Phytochemical analysis of the aqueous leaf extract of Verbascum sinuatum using HPLC-UV revealed 

the presence of 16 phenolic compounds, primarily phenolic acids such as ferulic acid, caffeic acid, p-OH-
benzaldehyde, and di-hydroxycinnamic acid, as well as flavonoids including catechin, luteolin, quercetin, and 
apigenin-7-glucoside (Figure 1). The full list of identified compounds is presented in Table 1. 
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Table 1. Main phenolic compounds identified in aqueous extract leaves of V. sinuatum L. 

Peak Compound 
Retention time 

(min) 
Peak area 

(%) 
1 Gallic acid 3.450 0.8423 
2 Resorcinol 5.515 2.9455 
3 Catechin 6.288 2.4991 
4 Resorcylic acid 7.103 3.2592 
5 Caffeic acid 7.131 14.7292 
6 Di-OH-cinnamic acid 7.213 3.3924 
7 p-OH-benzaldehyde 7.664 5.9303 
8 Cinnamic acid 8.716 3.6292 
9 n-OH-cinnamic acid 8.741 2.8387 

10 Ferulic acid 9.162 43.4452 
11 3-OH-4-methoxy cinnamic acid 9.745 2.6035 
12 Rosmarinic acid 10.228 2.2209 
13 Apigenin 7-glucoside 10.467 2.9260 
14 n-Anisic acid 11.678 3.9366 
15 Luteolin 12.753 2.1900 
16 Quercetin 13.001 2.2030 

 
 

 

Figure 1. Chromatographic profiles of the identified phenolic compounds in the aqueous leaf extract of 
Verbascum sinuatum L. Chromatographic profiles showing the 16 identified phenolic compounds: (1) 
Gallic acid, (2) Resorcinol, (3) Catechin, (4) Resorcylic acid, (5) Caffeic acid, (6) Di-OH-cinnamic acid, 
(7) p-OH-benzaldehyde, (8) n-OH-cinnamic acid, (9) Cinnamic acid, (10) Ferulic acid, (11) 3-OH-4-
methoxy cinnamic acid, (12) Rosmarinic acid, (13) Apigenin 7-glucoside, (14) n-Anisic acid, (15) 
Luteolin, (16) Quercetin. 

https://doi.org/10.55779/nsb18212936


 
Ouzid Y et al. (2026). Not Sci Biol, 18(2): 12936. 

https://doi.org/10.55779/nsb18212936 
 

 
 

6 
 

3.3 Flavonoid Content in Fractions 
Quantification of total flavonoids in the butanolic and aqueous fractions was carried out using a 

quercetin calibration curve (Y = 0.0175X, R² = 0.9809). The analysis revealed a flavonoid content of 97.70 ± 
0.02 μg quercetin equivalents (QE)/mL in the aqueous fraction and 95.43 ± 0.01 μg QE/mL in the butanolic 
fraction. These values refer to the prepared working solutions used in the biological assay and confirm that 
the two fractions were tested at comparable flavonoid-equivalent concentrations. 
3.4 Determination of Mitotic Index (MI) 

The mitotic index (MI) of Allium cepa meristematic cells was significantly affected by treatment with 
the aqueous extracts and flavonoid-rich fractions of Verbascum sinuatum, as compared to the control groups 
(Table 2). 

The negative control (distilled water) exhibited the highest mitotic index (92.20 ± 1.34%), indicating 
normal cell division. In contrast, a significant decrease in the mitotic index was observed with the aqueous 
extract, especially at 10 mg/mL (31.00 ± 2.50%) and to a lesser extent at 4 mg/mL (42.20 ± 2.44%). The 
aqueous fraction (AFF) showed a moderate mitotic index (70.00 ± 0.75%), while the butanolic fraction (BFF) 
and quercetin (positive control) had similar values (47.20 ± 1.03% and 44.40 ± 0.72%, respectively). 

Statistical analysis confirmed a highly significant difference between the mitotic index of the negative 
control and the treated groups, particularly for the aqueous extract at 10 mg/mL and the aqueous fraction (p 
< 0.05). No statistically significant difference was observed between the butanolic fraction and quercetin (p 
> 0.05). 

Regarding phase indices, prophase was the most frequently observed mitotic stage in all treatment 
groups. The prophase index (PI) ranged from 32.45 ± 3.43% (aqueous extract at 10 mg/mL) to 82.91 ± 3.07% 
(negative control). In contrast, metaphase, anaphase, and telophase were markedly reduced across all treated 
samples. Notably, no anaphase cells were detected in roots treated with the aqueous extract at either 
concentration (0.00 ± 0.00%). 

 
Table 2. Mitotic indices and phase indices of the tested samples. 

Treatment group MI (%) Prophase (%) Metaphase (%) Anaphase (%) Telophase (%) 
CAE 4 mg/mL 42.20 ± 2.44ᵇ 40.96 ± 1.93ᵇ 0.00 ± 0.00ᵇ 0.00 ± 0.00ᵇ 1.59 ± 0.76ᶜ 

CAE 10 mg/mL 31.00 ± 2.50ᶜ 32.45 ± 3.43ᶜ 0.00 ± 0.00ᵇ 0.00 ± 0.00ᵇ 1.02 ± 0.40ᶜ 
BFF 47.20 ± 1.03ᵇ 42.00 ± 2.22ᵇ 0.057 ± 0.05ᵇ 0.57 ± 0.35ᵇ 5.03 ± 1.86ᵇ 
AFF 70.00 ± 0.75ᵈ 65.37 ± 2.20ᵈ 0.17 ± 0.10ᵇ 0.46 ± 0.13ᵇ 4.11 ± 1.70ᵇ 

Quercetin 44.40 ± 0.72ᵇ 39.08 ± 1.37ᵇ 0.057 ± 0.05ᵇ 0.57 ± 0.39ᵇ 5.14 ± 1.00ᵇ 
Distilled water 92.20 ± 1.34ᵃ 82.91 ± 3.07ᵃ 0.63 ± 0.40ᵃ 0.97 ± 0.36ᵃ 8.00 ± 3.54ᵃ 

Values followed by different superscript letters are significantly different (one-way ANOVA followed by Tukey’s 
test, p < 0.05). CAE = crude aqueous extract; BFF = butanolic flavonoid fraction; AFF = aqueous flavonoid fraction; 
MI = mitotic index. 

3.5 Determination of Chromosomal Aberrations 
Microscopic examination of meristematic cells treated with the CAE (4 mg/mL and 10 mg/mL) and 

flavonoid fractions of Verbascum sinuatum leaves revealed various chromosomal, cellular, and nuclear 
abnormalities, as illustrated in Figures 2 and 3. 
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Figure 2. Chromosome aberrations seen under a light microscope (×400) in Allium cepa L. meristematic 
cells treated with aqueous leaf extracts of Verbascum sinuatum L. (Magnification: 400×; scale bar = 0.1 
mm). Abbreviations: CF: Chromosome fragmentation; CA: Chromosome agglutination; CB: 
Chromosome bridge; GC: Gigantic cell; ED: Equatorial plate disorganization during metaphase; CE: Cell 
elongation; CWN: Cells without nuclei. 

 
Figure 3. Chromosomal aberrations observed under the light microscope (×400) in Allium cepa L. 
meristematic cells treated with flavonoid fractions (Magnification: 400×; scale bar = 0.1 mm). 
Abbreviations. CF: Chromosome fragmentation; BC: Binucleated cell; CWN: Cells without nuclei; CE: 
Cell elongation; GC: Gigantic cell; CC: Chromosome clumping. 
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The different extracts tested induced various types of chromosomal aberrations in Allium cepa 
meristematic cells, with frequencies and intensities varying according to the treatment. The aqueous extract 
at 4 and 10 mg/mL resulted in total chromosomal aberration indices of 24.52 ± 3.31% and 27.09 ± 3.63%, 
respectively. The BFF induced an aberration index of 26.51 ± 8.06%, while the AFF showed a lower index of 
12.04 ± 2.83%. Quercetin, used as a reference compound, caused a total aberration frequency of 23.35 ± 
7.68%. Chromosomal agglutinations were the most frequently observed aberrations, with percentages ranging 
from 21.49 ± 1.05% to 25.14 ± 2.86%. The results, expressed as percentages of each aberration type, are 
presented in Figures 4 and 5. 

 
Figure 4. Distribution of chromosomal aberrations induced by quercetin and the CAE of Verbascum 
sinuatum treatments in Allium cepa. 

 
Figure 5. Frequency of chromosomal aberration types in Allium cepa root meristem cells treated with 
quercetin and the flavonoid-rich butanolic and aqueous fractions of Verbascum sinuatum. CA: 
chromosomal agglutination; BC: binucleated cells; CE: cell elongation; CB: chromosome bridges; CF: 
chromosome fragmentation; GC: giant cells; NC: nucleus loss; AB: apoptotic bodies; AC: absence of 
cytokinesis; DP: disorganization of the equatorial plate. 

https://doi.org/10.55779/nsb18212936


 
Ouzid Y et al. (2026). Not Sci Biol, 18(2): 12936. 

https://doi.org/10.55779/nsb18212936 
 

 
 

9 
 

Statistical analysis of the total aberration index (Table 3) showed that the crude aqueous extract at 4 
and 10 mg/mL, the BFF, and quercetin did not differ significantly from each other (p > 0.05). In contrast, the 
AFF exhibited a significantly lower aberration index than all other treatments (p < 0.05). All treated groups 
were significantly different from the negative control (p < 0.05). 

 
Table 3. Total chromosomal aberration index (%) in Allium cepa meristematic cells after 24 h treatment. 

Treatment group Aberration index (%) 
Negative control (distilled water) 0.00 ± 0.00ᵃ 

Crude aqueous extract (CAE) 4 mg/mL 24.52 ± 3.31ᵇ 
Crude aqueous extract (CAE) 10 mg/mL 27.09 ± 3.63ᵇ 

Butanolic flavonoid fraction (BFF) 26.51 ± 8.06ᵇ 
Aqueous flavonoid fraction (AFF) 12.04 ± 2.83ᶜ 

Quercetin (positive control) 23.35 ± 7.68ᵇ 
Different superscript letters indicate significant differences among treatment groups (p < 0.05, one-way ANOVA 
followed by Tukey’s post hoc test). Groups sharing the same letter are not significantly different. 

To facilitate the interpretation of the cytological findings, an interpretative schematic representation is 
presented in Figure 6. 

 
Figure 6. Interpretative schematic representation of the potential cytological effects of Verbascum 
sinuatum extracts in the Allium cepa assay. The diagram suggests a possible impairment of mitotic 
progression, as indicated by the accumulation of cells prior to normal chromosome segregation. It further 
illustrates the cytogenetic abnormalities observed in treated root tip cells, including chromosomal 
agglutination, fragmentation, chromosome bridges, binucleated cells, giant cells, and nuclear loss. This 
representation is based exclusively on observed cytological alterations and should be considered a 
hypothetical interpretation rather than evidence of a confirmed molecular mechanism. 

3.6 Determination of Cytotoxicity Limit Values 
All tested samples exhibited measurable cytotoxicity limit values (CLVs), along with varying mitotic 

indices (MIs), including aqueous extracts at 4 and 10 mg/mL, as well as flavonoid-rich aqueous and butanolic 
fractions (Table 4). The MI values obtained with the CAE were significantly lower than the control and 
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decreased from 42.20 ± 2.44% at 4 mg/mL to 31.00 ± 2.50% at 10 mg/mL. The corresponding CLVs were 
45.76 ± 2.64% and 33.61 ± 2.70%, respectively. Among the flavonoid fractions, the BFF exhibited an MI of 
47.20 ± 1.03% and a CLV of 51.19 ± 1.29%, while the AFF showed the highest MI (70.00 ± 0.75%) and the 
lowest cytotoxicity (CLV = 75.92 ± 1.10%). Quercetin, used as a positive control, yielded an MI of 44.40 ± 
0.72% and a CLV of 48.16 ± 0.78%. 

 
Table 4. Cytotoxicity limit values and relative mitotic index reduction induced by Verbascum sinuatum 
extracts and fractions. 

Treatment  
group 

MI  
(%) 

CLV  
(%) 

MI reduction vs  
negative control (%) 

CAE 10 mg/mL 31.00 ± 2.50ᶜ 33.61 ± 2.70ᶜ 66.37 
CAE 4 mg/mL 42.20 ± 2.44ᵇ 45.76 ± 2.64ᵇ 54.23 

BFF 47.20 ± 1.03ᵇ 51.19 ± 1.29ᵇ 48.81 
AFF 70.00 ± 0.75ᵈ 75.92 ± 1.10ᵈ 24.06 

Quercetin (positive control) 44.40 ± 0.72ᵇ 48.16 ± 0.78ᵇ 51.85 
Distilled water (negative control) 92.20 ± 1.34ᵃ 100ᵃ 0 

Values followed by different superscript letters are significantly different (one-way ANOVA followed by Tukey’s 
test, p < 0.05). CAE = crude aqueous extract; BFF = butanolic flavonoid fraction; AFF = aqueous flavonoid fraction; 
CLV= cytotoxicity limit value. 

4 Discussion 
The phytochemical analysis of Verbascum sinuatum extract conducted by HPLC-UV revealed a 

composition predominantly rich in phenolic and flavonoid compounds. A comparison of our 
chromatographic profile with those reported in the literature for Verbascum sinuatum and related Verbascum 
species showed both similarities and notable differences (Garcia-Oliveira et al., 2022; Donn et al., 2023). 
Certain compounds such as verbascoside, quinic acid, hesperetin, and cynaroside were absent in our extract. 
This variability may be attributed to factors related to geographical origin, environmental conditions, genetic 
variability, post-harvest handling, or extraction methodologies (Garcia-Oliveira et al., 2022; Donn et al., 
2023). 

The abundance of phenolic compounds in our extract may be associated with the biological effects 
observed, particularly the antimitotic and genotoxic activities. Several identified molecules, including gallic 
acid, resorcinol, quercetin, catechin, and ferulic acid, are well documented for their ability to modulate key 
cellular processes involved in proliferation (Boualem et al., 2023). These compounds may act through 
multiple biochemical pathways, including modulation of oxidative stress balance, interaction with DNA 
structure, inhibition of topoisomerase activity, and interference with microtubule dynamics (Webb and 
Ebeler, 2004). In addition, phenolic compounds may affect mitochondrial function and ATP production, 
indirectly influencing the progression of the cell cycle. The biological activity observed in the present study is 
therefore likely the result of a complex interplay between multiple compounds acting synergistically or 
additively rather than a single dominant molecule (Boualem et al., 2023). 

The phytochemical profile of Verbascum sinuatum is consistent with previous studies on the 
Verbascum genus, which is known for its richness in flavonoids and phenolic acids. However, significant 
variability in compound concentration has been reported among species and even within the same species 
depending on ecological conditions (Kebieche et al., 2011). Indeed, flavonoid biosynthesis is strongly 
influenced by environmental stress factors such as UV exposure, water availability, soil composition, and 
seasonal variation. These factors can significantly alter the secondary metabolite profile, leading to variations 
in biological activity between studies (Kebieche et al., 2011; Stalikas, 2007; Bouzid et al., 2011). 
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The mitotic index (MI) is a key cytogenetic parameter widely used to estimate cell proliferation activity 
(Marcano et al., 2006). In the present study, all tested extracts significantly reduced MI compared to the 
negative control, indicating a clear mitodepressive effect. However, due to the limited number of 
concentrations tested for the crude aqueous extract, these findings should be interpreted cautiously as a 
possible concentration-dependent trend rather than a definitive dose-response relationship. Expanding the 
concentration range in future studies would allow better characterization of the inhibitory kinetics and 
threshold effects. Similar patterns have been reported in other medicinal plant studies, where mitotic 
inhibition increases progressively but non-linearly depending on extract composition and exposure level 
(Raheel et al., 2017; Yuet-Ping et al., 2012; Sumitha and Thoppil, 2016). 

The observed reduction in mitotic activity may be explained by multiple complementary mechanisms. 
Cell cycle arrest may occur through inhibition of DNA synthesis, disruption of RNA transcription, or 
impairment of protein synthesis required for mitotic entry (Shin et al., 2013). Additionally, phytochemicals 
such as flavonoids and terpenoids may interfere with spindle fiber formation by altering microtubule 
polymerization dynamics. Such disruption can prevent proper chromosome alignment and segregation, 
leading to mitotic arrest and subsequent activation of cell cycle checkpoints. The strong accumulation of cells 
in prophase observed in treated groups suggests an early mitotic blockade, possibly at the prophase–metaphase 
transition. This pattern is consistent with the action of classical spindle poisons such as colchicine and taxol, 
which target microtubule stability and prevent normal mitotic progression (Fusconi et al., 2006). 

Genotoxicity refers to alterations in genetic material that may result in structural or numerical 
chromosomal aberrations (Al-Naqeb et al., 2024). The Allium cepa assay is a sensitive and cost-effective model 
widely used for preliminary screening of cytotoxic and genotoxic effects. However, it must be emphasized that 
this plant-based model does not replicate the complexity of mammalian cellular systems, particularly in terms 
of metabolism, DNA repair capacity, and tissue-specific responses. Therefore, extrapolation of these findings 
to human health should be made with caution and considered as preliminary toxicological evidence. 

In this study, all extracts induced chromosomal abnormalities such as fragmentation, chromosomal 
clumping, lagging chromosomes, and other mitotic irregularities, indicating genomic instability (Olorunfemi 
et al., 2014). These abnormalities may arise from oxidative stress mediated by phenolic compounds, leading 
to the generation of reactive oxygen species (ROS) that cause DNA strand breaks and base modifications (do 
Céu Silva et al., 2003). Furthermore, phenolic compounds may directly interact with DNA molecules or 
inhibit enzymes involved in DNA replication and repair, thereby increasing the frequency of chromosomal 
damage (Lagunas-Rangel and Bermúdez-Cruz, 2020). The coexistence of antimitotic and genotoxic effects 
suggests that these compounds may act at multiple cellular targets simultaneously. 

Cytotoxicity threshold values are essential to distinguish specific antiproliferative activity from 
nonspecific cellular toxicity (Judson et al., 2016). In the present study, both concentrations of the aqueous 
extract were classified within the sublethal range, with higher concentration producing stronger cytotoxic 
effects. The butanolic fraction showed activity comparable to quercetin, indicating the presence of potent 
flavonoid constituents capable of interfering with mitotic processes. In contrast, the aqueous fraction 
exhibited weaker activity, likely due to differences in polarity, solubility, and differential extraction efficiency 
of active metabolites. 

The aqueous flavonoid-rich fraction exhibited a moderate antiproliferative effect associated with lower 
cytotoxicity, suggesting a reduced level of nonspecific toxicity in this plant model. This profile may reflect a 
more selective interaction with cellular processes rather than generalized cytotoxicity. However, these 
observations remain preliminary and cannot be interpreted as evidence of therapeutic or anticancer efficacy. 
Instead, they highlight potential biological activity that requires further validation using mammalian cell lines, 
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mechanistic enzymatic assays, and in vivo experimental models to assess selectivity, safety, and 
pharmacological relevance. 

Finally, it should be emphasized that the phytochemical analysis was based on relative peak areas 
without absolute quantification of individual compounds, which limits direct comparison with other studies 
and correlation with biological activity. Moreover, the use of only two concentrations for the crude extract 
restricts detailed dose-response interpretation and highlights the need for expanded experimental designs in 
future studies. 

5 Conclusions 
Verbascum sinuatum represents a promising source of bioactive compounds with notable biological 

activities. This study demonstrated that its aqueous extract and fractions exhibit antimitotic and genotoxic 
effects in the Allium cepa assay, indicating an ability to interfere with cell division processes in a plant-based 
model. The observed effects may be associated with secondary metabolites, particularly phenolic compounds 
and flavonoids, which are known to induce cytogenetic alterations and cellular stress. The results suggest a 
complex interaction with mechanisms regulating cell proliferation; however, these findings should be 
interpreted cautiously, as the Allium cepa assay is a preliminary screening system that does not allow direct 
extrapolation to human cells or therapeutic applications. Therefore, while the study provides preliminary 
cytogenetic evidence, it does not support conclusions regarding anticancer potential, and further 
investigations using mammalian cell lines, in vivo models, and mechanistic approaches are necessary to better 
evaluate the biological relevance, specificity, and safety of these extracts. 
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