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Echium amoenum Fisch. & C. A. Mey. (Iranian borage; Gol-e-
Gavzaban) is traditionally used for the treatment of various ailments;
however, limited information is available regarding its potential
cytotoxic and genotoxic effects. Therefore, this study aimed to
evaluate the cytotoxic and genotoxic effects of an ethanolic extract of
E. amoenum at different concentrations (0.5, 1, 2, and 4 mg mL™)
using the Allium cepa root tip assay over a 72-hour period under dark
conditions. The control group (negative control) was treated with
distilled water. Cytotoxicity was assessed by measuring the mitotic
index (MI) and root growth inhibition, while genotoxicity was
evaluated by determining the total frequency of chromosomal
aberrations. The results demonstrated that with increasing extract
concentration, the percentage MI decreased in a concentration-
dependent manner, such that the MI declined from 11.42 + at 0.12%
0.5 mg mL™! to 6.56 £ 0.22% at 4 mg mL! (P < 0.05). Furthermore,
the effective concentration (ECso) based on 50% inhibition of root
length growth was calculated as 3.12 mgmL™. Regarding
genotoxicity, the total percentage of chromosomal aberrations
increased from 3.51 + 0.12% in the control group to 41.25 + 0.24%
at the highest concentration (P < 0.05). The types of aberrations
observed included chromosomal stickiness, c-mitosis, laggard
chromosomes, anaphase bridges, and micronuclei. Therefore, based
on the findings of the present study, it can be concluded that the E.
amoenum extract exhibits significant cytotoxic and genotoxic effects
under the test conditions, suggesting the presence of compounds with
antiproliferative/anticancer potential in this extract, which warrants
further investigations.
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Introduction

The increasing global use of medicinal plants as complementary and alternative therapeutic
agents has highlighted the need for comprehensive scientific evaluation of their efficacy and
safety. Echium amoenum Fisch. & C. A. Mey. (Iranian borage), a member of the Boraginaceae
family, is one of the most widely used medicinal plants in traditional Persian medicine. It has been
traditionally employed for the management of inflammatory disorders, anxiety, infectious diseases,
urinary tract disorders, diabetes, and gastrointestinal ailments. Pharmacological studies have further
reported antioxidant, antimicrobial, anti-inflammatory, immunomodulatory, anxiolytic, and
antiviral activities for this species. Despite its ethnopharmacological status, empirical data regarding
its cytotoxic and genotoxic effects remain scarce. This knowledge gap prompted this study to
evaluate the safety profile of an ethanolic extract from the aerial parts of E. amoenum.

Materials and Methods

The cytotoxic and genotoxic effects of the ethanolic extract of E. amoenum were evaluated
using the Allium cepa chromosome aberration assay, a plant bioassay for genetic toxicity
assessment. Healthy onion bulbs were exposed to four concentrations (0.5, 1, 2, and 4 mg mL™")
for 72 h, with distilled water as the negative control. Cytotoxicity was assessed by determining
the mitotic index (MI) and root growth inhibition based on root length. Genotoxicity was
evaluated by examining chromosomal abnormalities in root meristematic cells under a light
microscope. Treatments were conducted in five replicates. Data were analyzed using one-way
ANOVA and Tukey's HSD post-hoc test (p < 0.05) with SPSS version 22. Results are presented
as mean + SD.

Results and Discussion

Exposure of 4. cepa roots to E. amoenum ethanolic extract caused significant concentration-
dependent cytotoxic and genotoxic effects. The mitotic index (MI) declined from
11.42+£0.49% at 0.5 mgmL ™" to 6.56 +£0.29% at 4 mg mL™" (control: 12.85+0.57%; ANOVA:
Fa20=116.34, p<0.001; all treated groups significantly different from control, p<0.05,
Tukey's test). Root growth inhibition increased with concentration; the ECso was 3.12 mg mL™
(linear regression: y=-—12.034x+87.787, R*=0.8083). Genotoxic assessment showed a
significant increase in total number of abnormal dividing cells (TADC) from 6.54 +£0.29%
(control) to 48.21+0.30% at 4mgmL™" (Fa,20=299.38, p<0.001; all concentrations
significantly different from control, p <0.05, except between 2 and 4 mgmL™, p>0.05,
Tukey's test). The most frequent aberrations were chromosome stickiness, followed by
c-mitosis, lagging chromosomes, anaphase bridges, and micronuclei. Collectively, these
findings demonstrate the substantial cytotoxic and genotoxic potential of the extract under the
test conditions, meriting further studies to identify active compounds and clarify the
mechanisms in more complex biological systems. The concentration-dependent reduction in
the mitotic index indicates that the ethanolic extract of E. amoenum exerts a pronounced
antiproliferative effect on meristematic cells. This inhibitory activity may be associated with
disruption of cell cycle progression, suppression of DNA synthesis, or interference with spindle
apparatus formation, mechanisms that have been widely reported for numerous plant-derived
secondary metabolites. The ECso value of 3.12 mg mL™" further corroborates the substantial
anti-mitotic activity of the extract. The induction of c-mitosis, in particular, strongly indicates
interference with tubulin polymerization, a mechanism of significant pharmacological interest
for anticancer drug development. Meanwhile, the presence of anaphase bridges, laggards, and
micronuclei confirms a clastogenic potential, implying that the extract's constituents are capable
of causing chromosomal breakage and improper segregation. The predominance of sticky
chromosomes may arise from DNA depolymerization, protein denaturation, or chromatin
entanglement. Overall, the observed cytogenotoxic responses are consistent with previous
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studies evaluating medicinal plant extracts using the Allium cepa assay, supporting the
reliability of this bioassay as a sensitive and cost-effective method for preliminary genetic
toxicity screening.

Conclusion

Based on the present findings, the ethanolic extract of E. amoenum induced concentration-
dependent reductions in the mitotic index and root growth, alongside increased chromosomal
aberrations in the 4. cepa model, with an ECso of 3.12 mg mL™ for root growth inhibition.
These results suggest cytotoxic and genotoxic potential under in vitro conditions, indicating
interference with cell division and chromosomal stability in vivo. However, given the in vitro
nature of this study, extrapolation to animal or human systems is limited and requires further
investigation. Therefore, the present data should be considered as preliminary evidence of
biological activity in a standard plant model, rather than definitive proof of safety or therapeutic
efficacy. Future studies are needed to identify bioactive compounds, clarify molecular
mechanisms, and assess reproducibility using appropriate cellular and animal models and
detailed chemical analyses.
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1 19.27+0.14¢ 10.51£0.17¢ 5.8340.26¢ 1.21+0.18 ° 2.3140.28°
2 23.75+0.18¢ 9.75+0.18¢ 8.45+0.29¢ 1.78+0.13 ¢ 4.4140.17¢
4 27.1940.32¢ 7.89+0.18° 7.1340.26° 2.83+0.17¢ 3.17+0.22¢
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Values are means + SD. Different superscript letters within each column indicate significant differences at p < 0.05 (Tukey's HSD test).
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Figure 1. Microscopic images showing various chromosomal abnormalities in A. cepa mitotic cells following

exposure to different concentrations of E. amoenum extracts. (A) Sticky chromosomes; (B) laggard
chromosome; (C, D) chromosomal bridges; (E) C-mitosis; and (F) micronucleus. Scale bars =3 pm.
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Table 3. Assessment of the inhibitory impact of different concentration of E. amoenum extracts on the
meristematic root growth of 4. cepa.
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Concentration of extract (mg mL")

(o sla) alyy A3,*
Root growth (RG) (cm)

(Ao y3) aiyy Ay rals
Decrease in root length (DRL) (%)

(Control) J s
0.5
1
2
4

4.13+0.182 0

3.28+0.16° 20.58
2.83+0.14¢ 31.47
2.24+0.12¢ 45.76
1.92+0.11¢ 53.51
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* Data are presented as mean = DE of five replicates. Different superscript letters indicate significant differences at p < 0.05
(Tukey's HSD test).
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Figure 2. Growth inhibition of 4. cepa roots exposed to Ethanol extract of E. amoenum
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