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Abstract
Aerva javanica is a significant medicinal plant with a wide geographic distribution, prevalent in many countries. The plant 
is employed in traditional healing practices to address a range of illnesses. This study aimed to evaluate the potential geno-
toxicity of aqueous A. javanica leaf extract on Allium cepa roots using cytogenetic and molecular assays. The effective 
concentration (EC50) of the water-based leaf extract was determined to be 26.7 mg/mL. Based on this value, three concen-
trations were selected to evaluate genotoxicity: below the EC50 (13.35 mg/mL), the EC50 itself (26.7 mg/mL), and above 
the EC50 (40.05 mg/mL). To establish a baseline for comparison, distilled water was utilized as a control. The inhibition of 
root growth was assessed, and cytotoxicity was determined by the mitotic index (MI). In addition, genotoxicity was further 
analyzed through the assessment of chromosomal aberrations (CA), micronuclei (MN), and Inter-Simple Sequence Repeat 
(ISSR) Polymerase Chain Reaction (PCR) markers as a molecular assay. Increasing the amount of A. javanica leaf extract 
resulted in a progressive shortening of root length. Additionally, at higher concentrations MI percentage decreased, indicating 
cytotoxicity, while CA and MN frequencies increased, suggesting genotoxicity. Furthermore, DNA damage was confirmed 
through ISSR-PCR marker analysis. These findings indicate that higher concentrations of A. javanica leaf extract induce 
genotoxic effects, highlighting the need for studies of its human use in therapeutic applications.

Graphical abstract
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1  Introduction

Medicinal plant extracts are prescribed medications in many 
developed countries [1]. Meanwhile, the World Health 
Organization states that a significant majority—80%—of 
people across the globe utilize traditional medicine for 
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at least some primary health needs [2]. In Saudi Arabia, 
medicinal plants are used to treat diverse human and animal 
illnesses [3]. In a survey on herbal medicine use in Saudi 
Arabia, 88.4% of respondents stated they utilize herbal rem-
edies, while 84.3% expressed interest in traditional recipes. 
Furthermore, 88.7% used herbal medicine for therapeutic 
purposes, with a reported effectiveness rate of 61.2% [4]. 
Among the medicinal plants used in Saudi Arabia, Aerva 
javanica, a perennial shrub belonging to the Amaranthaceae 
family, possesses considerable therapeutic and market value. 
According to Ayurvedic tradition, this plant stands out as a 
primary resource for natural remedies [5].

Due to their ethnopharmacological properties, extracts 
from these plants are highly valued for medicinal and thera-
peutic applications [6]. Aerial parts of A. javanica are boiled 
into a decoction to produce a diuretic traditional remedy 
for hypertension, rheumatism, headaches, swelling, and 
kidney stones [7]. Root decoctions are used to alleviate 
toothache, headache, and diarrhea, while pastes are used to 
clear facial acne. The plant also serves as a laxative and 
emetic for camels and horses. Moreover, the extract of aerial 
A. javanica portions is used to treat dysentery, gonorrhea, 
hyperglycemia, and dermatological diseases [8]. A leaf paste 
is applied externally to heal wounds, reduce inflammation, 
and treat granulation tissue [9]. Whole-plant extracts exhibit 
significant antimicrobial activity and serve as disinfectants 
in alternative medicine [10]. They also possess significant 
antioxidant activity [11–13], while certain extracts exhibit 
antidiarrheal activity [14]. Alongside these established uses, 
potential anticancer properties of A. javanica have recently 
been identified [15]. It also possesses medicinal properties 
for treating rheumatism and renal diseases, and for relieving 
toothaches [16].

Analysis of the chemical composition of A. javanica has 
shown the presence of glycosides, flavonoids, saponins, and 
phenols [17, 18]. While the popularity of herbal products 
is often linked to their perception as safer and more effec-
tive than allopathic drugs, this assumption is erroneous and 
potentially detrimental. Therefore, toxicological investiga-
tions of herbal remedies are essential [19]. In this context, 
it has been reported that some traditional treatments may 
exhibit genotoxic properties [20, 21]. While several studies 
have evaluated the biological effects of A. javanica extracts, 
the current study demonstrates the first comprehensive 
assessment of the genotoxic potential of aqueous A. javanica 
leaf extract. A combination of cytogenetic and molecular 
assays (ISSR-PCR) is used to analyze DNA damage and 
chromosomal abnormalities induced in Allium cepa meris-
tem cells.

The A. cepa  test model is a well-established tool for 
determining the toxicological potential of plant extracts [22], 
serving as a powerful bioindicator of toxic effects. The ISSR 
molecular marker has also emerged as a reliable technique 

for evaluating DNA damage [23]. Thus, the present inves-
tigation aims to investigate the genotoxicity of an aqueous 
extract of A. javanica leaves on A. cepa meristem cells using 
cytogenetic and molecular assays.

2 � Methods and materials

2.1 � Samples collection

Specimens of A. javanica were gathered in May 2023 from 
Umm Al-Qura University, Makkah, Saudi Arabia (coordi-
nates: 21.330189322777255 N and 39.95250641319426 E). 
The samples were identified and classified by a scientist at 
the Department of Biology.

2.2 � Formation of aqueous extract of A. javanica 
leaves

Fresh A. javanica leaves were thoroughly rinsed multiple 
times with tap water and then three times with distilled 
water. The leaves were then dried in a hot-air oven (Binder, 
FD56) at 40 °C for 72 h. Dried samples were ground into 
a fine powder with an electric blender and kept in a sealed 
container at 4 °C, as previously described [24]. An aqueous 
extract of A. javanica leaves was prepared using a modifica-
tion of a previously described protocol [25]. A 5-g sample of 
desiccated A. javanica leaf powder was measured and boiled 
in 100 mL of distilled water for 5 min. The mixture was 
brought to room temperature and filtered using Whatman 
No. 1 filter paper. Various concentrations were prepared by 
dilution and stored at 4 °C. Preparations were used within 
24 h for each experiment. Figure 1 illustrates the preparation 
of the aqueous extract of A. javanica leaves.

2.3 � Identification of EC50

The EC50 value was determined using several concentrations 
of aqueous A. javanica leaf extract by a modified form of 
a technique described previously [26]. A. cepa seeds were 
washed twice with distilled water and subsequently dried 
at 25 °C. Sterile filter paper was positioned in each petri 
dish (11 cm diameter), and twenty seeds were germinated 
with 4 mL of distilled water for four days at 25 ± 1 °C in the 
dark. Twenty germinated seeds with approximately equal 
root lengths were selected and positioned on filter paper in 
separate Petri dishes. The roots were treated with 4 mL of 
five concentrations of the aqueous A. javanica extract (10, 
20, 30, 40, and 50 mg/mL), or distilled water as a control. 
The Petri dishes were sealed and kept at 25 ± 1 °C for three 
days. Subsequently, the lengths of eighty roots for each 
concentration and the control were measured in millimeters 
(mm), and the average root length was calculated for each. 
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A root length growth curve was plotted in comparison to 
the control, and the EC50 value—representing a 50% inhibi-
tion of root growth compared to the untreated samples—was 
determined.

2.4 � Cytogenetic analysis

2.4.1 � Assay of Allium cepa

A. cepa seeds (Emerald Seed Inc., USA) were rinsed with 
70% ethanol for 5 s, followed by five washes with distilled 
water, and then dried at 25 °C. Thirty seeds were positioned 
in each Petri dish containing sterile filter paper and 4 mL 
of distilled water. Multiple Petri dishes were prepared and 
incubated in the dark at 25 ± 1 °C for four days until ger-
mination. Subsequently, twenty germinated A. cepa seeds 
with approximately 6 mm root lengths were transferred to 
separate Petri dishes with sterile filter paper. These roots 
were treated with 4 mL of three concentrations of aqueous A. 
javanica leaf extract, corresponding to EC25, EC50, and EC75 
(13.35, 26.7, and 40.05 mg/mL, respectively), alongside a 
distilled water control. The dishes were subjected to dark 
incubation at 25 ± 1 °C for 24, 48, and 72 h, with all con-
ditions remaining constant. Root length was measured in 
millimeters (mm) using a digital ruler at each time point for 
each treatment. Additionally, A. cepa root tips were cut to 
2 cm, washed five times with distilled water, and then sub-
jected to fixation in Carnoy's solution (glacial acetic acid and 
ethanol in a 1:3 mixture) for 90 min, as previously described 
[27]. Subsequently, the root tips were rinsed five times with 
distilled water and preserved in ethanol (70%) at 4 °C until 
slide mounting. Root tips that were contaminated, failed to 
germinate properly, or appeared physically damaged at any 
stage were excluded to assure the accuracy and consistency 
of the results.

2.4.2 � Slide preparation

Root tips were cleansed with distilled water before being 
hydrolyzed in 1 N HCl for 3 min at 60–65 °C. The 1 N HCl 

solution was made by combining 8.3 mL of HCl and 100 mL 
of distilled water [28]. Following hydrolysis, root tips under-
went five successive rinses with distilled water before being 
cut (1–2 mm) and positioned on a slide. Drops of acetocar-
mine stain [29], stored in a dark bottle at 4 °C and used within 
one day of production, were added to slides and allowed to 
incubate for approximately 15 min. After staining, a coverslip 
was carefully placed on the slide and sealed with clear nail 
polish [30]. Three slides were prepared per treatment for each 
exposure time, with two root tips placed on each slide. The 
slides were analyzed through a light microscope (LABOMED, 
LB-210) with a 40 × objective lens to count cells and capture 
images. A total of 3000 cells were studied for each treatment 
at each exposure time [26].

2.4.3 � Mitotic index (MI) and chromosomal aberrations (CA) 
analysis

The cells in each treatment were assessed to evaluate the 
mitotic index (MI) as well as chromosomal aberrations (CA). 
Scored CA included chromosomal bridges, chromosomal 
fragments, vagrant chromosomes, chromosomal disturbances, 
micronuclei (MN), C-metaphase, and sticky chromosomes. 
The MI was calculated according to [31], as follows:

2.5 � Molecular analysis

Molecular analysis was performed to study the genotoxic 
effects of 72-h exposure to aqueous A. javanica leaf extract 
on DNA samples purified from the roots of A. cepa. Figure 2 
illustrates the procedures of molecular analysis.

2.5.1 � DNA extraction

DNA samples were isolated from A. cepa roots after 72 h 
of treatment with several concentrations of the aqueous A. 

MI =
dividing cells�number

the complete cell amount
× 100

Fig. 1   Preparation steps of aqueous extract of A. javanica leaves
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javanica leaf extract, along with a control. A. cepa roots 
measuring 1.5–3.5 cm were cut and washed multiple times 
with distilled water. 200 mg of root tissue was weighed and 
placed in sterile Eppendorf tubes for each treatment and 
replicate and kept at − 80 °C until DNA isolation. DNA 
isolation was conducted following a developed CTAB 
method [32]. To determine the concentration and purity 
of DNA, all samples were analyzed with a NanoDrop 
spectrophotometer (Thermo Fisher Scientific, NanoDrop 
2000c). Subsequently, each DNA sample was adjusted to 
a concentration of 25 ng/µL and kept at − 20 °C until PCR 
amplification.

2.5.2 � ISSR‑PCR marker

ISSR-PCR was used to detect genotoxicity at the molecu-
lar level [33, 34], using an Applied Biosystems VeritiPro 
PCR machine (USA). Four ISSR primers were utilized for 
PCR amplification of DNA isolated from A. cepa roots. The 
annealing temperature for each primer was optimized as 
described in Table 1. The selection of the four ISSR primers 
(ISSR 418, ISSR-HB12, ISSR-UBS811, and ISSR-MAO) 
was based on previous studies that successfully used these 
primers in genetic diversity analysis and genotoxicity evalu-
ation on A. cepa [35, 36], as shown in Table 1.

Four samples were used for ISSR-PCR, comprising three 
samples treated with aqueous A. javanica leaf extract and 
one control. PCR was carried out with the Qiagen Taq PCR 
Master Mix Kit, which contains MgCl₂, dNTPs, Taq poly-
merase, and reaction buffer. The 20 µL PCR reaction con-
sisted of 10 µL of 2 × master mix, 2 µL of 10 µM primer, 
4 µL of DNA template, and a 4 μL aliquot of nuclease-free 
water. Thermal cycling settings are described in Table 2.

2.5.3 � Gel electrophoresis

PCR products were stained with 10 µL of SYBR Safe, and 
gel electrophoresis was performed according to an estab-
lished protocol [37]. The gel was then immediately placed in 
a detection system (Bio-Rad) under UV illumination. Images 
were captured to document and analyze the gels for band 
detection.

2.6 � Analysis of statistical data

The data were assessed using several methods. The MI 
was determined as (number of dividing cells/total num-
ber of cells) × 100 [31]. The percentage of total CA was 
calculated by using the formula: (total number of CA of 
different types/total number of cells counted) × 100. EC50 
values were determined using linear regression analysis in 
Microsoft Excel [26]. For gel electrophoresis, a dendro-
gram was generated for the images using the unweighted 
pair group method with arithmetic mean (UPGMA) algo-
rithm, as implemented in Bio-Rad Quantity One software. 
Polymorphism was determined by the following equation: 

Fig. 2   Steps of molecular analy-
sis using ISSR markers

Table 1   ISSR Primers used in the study

Primer name 5′–3′ sequence Annealing tem-
perature °C

Application in literature References

ISSR 418 CTC​TCT​CTC​TCT​CTC​TTG​ 51 Genotoxicity and genetic diversity in A. cepa [34, 35]
ISSR HB12 CAG​CAG​CAGGC​ 36
ISSR UBC-811 GAG​AGA​GAG​AGA​GAGAC​ 50.5
ISSR MAO CTC​CTC​CTC​CTC​RC 44

Table 2   Thermal cycler for amplification ISSR-primers

NO Steps Temperature (°C) Time Cycles

1 Initial denaturation 94 5 min 40
2 Denaturation 94 30 s
3 Annealing As per primer 45 s
4 Extension 72 90 s
5 Final extension 72 7 min 1
7 Hold 4 To ending pro-

gram
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(number of polymorphic bands + number of unique 
bands/total number of loci) × 100. Results are expressed 
as mean ± standard deviation (mean ± SD). To compare 
means, one-way analysis of variance (ANOVA) was con-
ducted with Tukey’s post hoc test. The statistical analysis 
was conducted with IBM SPSS Statistics for Windows, 
version 29.0.1 (IBM Corp., Armonk, N.Y., USA).

3 � Results

3.1 � Determination of EC50

Exposure to aqueous  A. javanica  leaf extract for 72 
h induced a concentration-dependent inhibition of  A. 
cepa  root length, as shown in Fig. 3. Increased extract 
concentration led to a corresponding increase in the inhibi-
tion rate. The EC50, defined as the concentration required 
to inhibit root growth by 50% compared to the control, 
was calculated to be 26.70 mg/mL, as presented in Fig. 3.

3.2 � Growth inhibition of A. cepa roots

Figure 4 illustrates the effectiveness of the aqueous A. javan-
ica leaf extract in inhibiting A. cepa root growth, compared 
to control, at 24, 48, and 72 h. After 72 h of treatment, root 
lengths were 29.95 mm for EC25 (13.35 mg/mL), 20.80 mm 
for EC50 (26.7 mg/mL), and 13.16 mm for EC75 (40.05 mg/
mL), compared to 42.16 mm in the control group. A sta-
tistically significant decrease in root length (P < 0.05) was 
observed with increasing extract concentration and longer 
treatment duration, demonstrating a dose-dependent and 
time-dependent inhibitory effect.

3.3 � Cytogenetic analysis

3.3.1 � Cytotoxic effects

The MI was calculated to determine cytotoxicity. Table 3 
and Fig. 5 illustrate the effects of various concentrations 
(13.35, 26.7, and 40.05 mg/mL) of aqueous A. javanica leaf 
extract on the division phases of A. cepa root meristem cells 
at exposure times of 24, 48, and 72 h. The data demonstrate 

Fig. 3   Linear regression analy-
sis showing variation in root 
length of A. cepa after treatment 
with concentrations of aqueous 
extract of A. javanica leaves; 
and determination EC50

Fig. 4   Effects of aqueous 
extract of A. javanica leaves on 
root length of A. cepa after 24, 
48, and 72 h
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a decrease in the MI of meristem root cells with increas-
ing concentrations of A. javanica leaf extract. After 24 h of 
treatment, the 26.7 and 40.05 mg/mL concentrations exhib-
ited a substantial reduction of the MI to 12.90% and 11.10%, 
respectively, compared to the 15% observed in the control. 
Similarly, after 48 h of treatment, the 26.7 and 40.05 mg/
mL concentrations indicated a notable decrease in the MI 
to 11.97% and 8.23%, respectively, compared to 15.43% 
in the control. Furthermore, after 72 h of treatment, the 
13.35, 26.7, and 40.05 mg/mL concentrations each exhib-
ited a remarkable decrease in the MI to 13.93%, 10.57%, 
and 6.03%, respectively, compared to the control, which was 
15.6%.

3.3.2 � Genotoxic effects

Table 4 and Fig. 6 present the results of CA and MN. The 
types of mitotic CA induced by treatment with aqueous A. 
javanica leaf extract included c-metaphase, disturbance, 
vagrant, fragment, bridge, and stickiness. A significant 
increase in CA of meristem root cells was observed cor-
relating to the rising concentration of the extract (13.35, 
26.7, and 40.05 mg/ml) and prolonged exposure duration 
(P < 0.05 compared to control). The highest percentage of 
CA was 4.27%, observed in the highest extract concentra-
tion of 40.05 mg/ml at 72 h; the predominant abnormali-
ties were sticky chromosomes, followed by MN, vagrant 
chromosomes, disturbances, c-metaphase, chromosomal 
bridges, and chromosomal fragments (Fig. 6).

3.4 � Molecular analysis

3.4.1 � ISSR analysis

ISSR markers were employed to study the extent of genetic 
variation after exposure to several concentrations of aque-
ous A. javanica leaf extract. Four ISSR primers (ISSR418, 
ISSR-UBS811, ISSR-HB12, and ISSR-MAO) were used 
for their specificity and clear bands, as shown in Fig. 7. 
The number of fragments generated using the four ISSR 
primers was 43, with an average of 10.75 bands per primer. 
The polymorphism ratios for ISSR418, ISSR-HB12, ISSR 
UBS811, and ISSR-MAO, were 100%, 28.57%, 66.66%, 
12.5%, respectively (Table 5). In addition, Fig. 8 shows the 
phylogenetic dendrogram for the four ISSR primers, which 
shows the variance between the control and concentra-
tions of A. javanica extract. The dendrogram emphasizes 
a dose-dependent response, where the highest concentra-
tions lead to more divergence from the control (Fig. 8).

Table 3   Mitotic index (MI) of A. cepa root exposed to different 
period times with various concentrations of aqueous extract of A. 
javanica leaves

ET(hrs.): Exposure time (hrs.), Con. (mg/ml): Concentration mg/ml 
(13.35 = EC25; 26.7 = EC50; 40.05 = EC75), TCC: Total cells counted, 
TCD: Total cells division, MI %: Mitotic index % ± SD, (SD): 
standard Deviation; (*): significant difference at P < 0.05 Tukey’s 
HSD test indicating differences compared to control. The values are 
means ± SD, n = 3

ET(hrs.) Con. (mg/ml) TCC​ TCD MI %

24 Control 1000 150 ± 3.61 15.00 ± 0.26
13.35 1000 137 ± 8.54 13.70 ± 0.84
26.7 1000 129 ± 4.36 12.90 ± 0.38*
40.05 1000 111 ± 6.08 11.10 ± 0.65*

48 Control 1000 154.33 ± 4.93 15.43 ± 0.52
13.35 1000 139 ± 5.20 13.90 ± 0.51
26.7 1000 119.67 ± 8.39 11.97 ± 0.89*
40.05 1000 82.33 ± 4.04 8.23 ± 0.35*

72 Control 1000 156 ± 2.65 15.60 ± 0.23
13.35 1000 139.33 ± 3.06 13.93 ± 0.31*
26.7 1000 105.67 ± 3.21 10.57 ± 0.30*
40.05 1000 60.33 ± 2.52 6.03 ± 0.22*

Fig. 5   Mitotic index (MI) of 
A. cepa meristematic cells over 
various treatment durations with 
different concentrations of aque-
ous extract of A. javanica leaves
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4 � Discussion

This study evaluated the potential genotoxicity of an 
aqueous A. javanica leaf extract on A. cepa roots using 
cytogenetic and molecular assays. EC50 has previously 
proven to be a useful standard for determining test con-
centrations when evaluating genotoxicity [38, 39]. The 
aqueous  A. javanica  leaf extract demonstrated a 50% 
decrease in A. cepa root growth compared to the control 

at a concentration of 26.7  mg/mL. We consequently 
included test concentrations below (13.35 mg/mL) and 
above (40.05 mg/mL) this EC50. The A. cepa root growth 
inhibition test demonstrated a significant dose-dependent 
inhibition, indicating possible cytotoxicity of the extract. 
The suppression of root growth in the A. cepa assay may 
be attributable to apical meristematic activity [40, 41], 
inhibition of cell elongation in elongation zones [42, 43], 
and inhibition of protein synthesis [38].

Table 4   Percentages of 
chromosomal aberrations 
(CA) in meristematic cells of 
A. cepa following treatment 
with various concentrations of 
aqueous extract of A. javanica 
leaves for different periods

ET(hrs.): Exposure time (hrs.), Con.: Concentration (mg/ml), M%: Micronucleus%, C-M%: C-Metaphase 
%, D %: Disturbance %, V %: Vagrant%, F: Fragments, B %: Bridge %, S%: Stickiness%, CA%: Chromo-
somal aberration % ± SD, (SD): standard Deviation; (*): significant difference at P < 0.05 by Tukey’s HSD 
test indicating differences compared to control. The values are means ± SD, n = 3

ET Con M % C-M% D % V % F B% S% CA (%)

24 Control 0.00 0.00 0.07 0.13 0.00 0.00 0.43 0.63 ± 0.25
13.35 0.00 0.03 0.30 0.40 0.03 0.10 0.63 1.50 ± 0.17*
26.7 0.03 0.17 0.37 0.57 0.03 0.07 1.27 2.50 ± 0.25*
40.05 0.30 0.07 0.50 0.67 0.17 0.20 1.23 3.13 ± 0.33*

48 Control 0.00 0.00 0.13 0.27 0.00 0.03 0.53 0.97 ± 0.05
13.35 0.00 0.07 0.37 0.47 0.03 0.23 0.87 2.03 ± 0.23*
26.7 0.13 0.10 0.40 0.70 0.07 0.07 1.40 2.87 ± 0.43*
40.05 0.53 0.13 0.30 0.67 0.23 0.27 1.50 3.63 ± 0.21*

72 Control 0.00 0.03 0.17 0.27 0.03 0.03 0.43 0.97 ± 0.15
13.35 0.10 0.20 0.23 0.70 0.03 0.07 1.17 2.50 ± 0.18*
26.7 0.23 0.20 0.43 0.97 0.07 0.17 1.57 3.63 ± 0.07*
40.05 1.00 0.20 0.47 0.77 0.13 0.17 1.53 4.27 ± 0.18*

Fig. 6   Different types of chromosomal aberration (CA) after treated A Micronucleus in interphase, B C-Metaphase, C Anaphase bridge, D Dis-
turbance, E Chromosome vagrant in anaphase, F Chromosome fragments in anaphase, G Stickiness in metaphase
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We also demonstrated that MI values at 72  h sig-
nificantly decreased with exposure to EC25, EC50, and 
EC75 concentrations of the A. javanica leaf extract in A. 
cepa meristematic cells, reaching 13.93%, 10.57%, and 
6.03%, respectively, compared to a control value of 
15.60%. Higher concentrations of the A. javanica extract 
led to greater reductions in MI. Consequently, the reduc-
tion in the length of roots can be attributed to a decreased 
rate of mitotic division, indicating cytotoxicity [44]. The 

MI at the highest concentration, EC75 (40.05 mg/mL), 
decreased below 50% of the control. A prior investigation 
[45] indicated that a reduction in MI to 20% results in 
sublethal effects on the tested organisms, while a decrease 
to 50% leads to lethal effects [46]. The significant decrease 
in MI may result from inhibition of DNA synthesis, sup-
pression of DNA synthesis during the G1 phase, or inter-
ference with the G2 phase of the cell cycle by the test 
substance [47–49].

Fig. 7   Gel electrophoresis bands of ISSR-PCR products of DNA from A. cepa root treated with various concentrations of aqueous extract of A. 
javanica and control. A ISSR418, B ISSR-HB12, C ISSR-UBS 811, and D ISSR-MAO

Table 5   Primer data analysis 
of ISSR of DNA treated with 
various concentrations of 
aqueous extract of A. javanica 
and control

PN: Primer name; Tm: Annealing temperature; TB: Total bands; SR: Size range (bp); TPB: Total poly-
morphic bands; P%: Polymorphism %

No PN Primer’s sequence 5′–3′ Tm TB SR (bp) TPB P %

1 418 CTC​TCT​CTC​TCT​CTC​TTG​ 51 10 253–2394 10 100%
2 HB12 CAG​CAG​CAGGC​ 36 7 886–1883 2 28.57%
3 UBC-811 GAG​AGA​GAG​AGA​GAGAC​ 50.5 18 315–2018 12 66.66%
4 MAO CTC​CTC​CTC​CTC​RC 44 8 396–1575 1 12.5%
Total 25 51.93
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Treatment with the aqueous A. javanica leaf extract at 
various concentrations and exposure periods also remark-
ably increased the occurrence of CA compared to the con-
trol. The MN frequency also increased with increasing con-
centration. MN are chromosomal fragments resulting from 
mitotic segregation errors [50] or unrepaired DNA breaks 
[51]. Various abnormalities were observed, including sticky 
chromosomes, MN, vagrant chromosomes, disturbances, 
c-metaphase, chromosomal fragments, and chromosomal 
bridges. Sticky chromosomes were the most frequent CA. 
Stickiness results from either enhanced condensation or con-
traction of chromosomes, or partial dissolution of nucleo-
proteins and DNA depolymerization. This form of CA indi-
cates deleterious consequences that are often permanent and 
may lead to cell death [52]. Pathiratne et al. found vagrant 
chromosomes to be readily identifiable in A. cepa root mer-
istematic cells [53], related to an unbalanced distribution 
of chromosomes [54]. Another observed abnormality was 
c-mitosis, which suggests the reduction of spindle forma-
tion in metaphase. The occurrence of c-mitosis indicates the 
presence of a microtubule toxin [55]. These aberrations may 
also result from spindle failure caused by the interaction of 
phytochemical components with the spindle apparatus [56]. 

Similar to our results, Chowdhury & Biswas reported that 
leaf extract of Mucuna bracteata exhibited genotoxicity and 
cytotoxicity in A. cepa, evidenced by a decreased MI and 
various CA, including disordered prophase, sticky chromo-
somes, chromosomal bridges, and lagging chromosomes. 
These effects were also dose-dependent [57].

ISSR markers indicated DNA damage in response to sev-
eral concentrations of the aqueous A. javanica leaf extract. 
The outcomes of the molecular and cytogenetic analyses 
were generally consistent. The polymorphism ratios for the 
extract were 100%, 28.57%, 66.66%, and 12.5% for prim-
ers ISSR418, ISSR-HB12, ISSR-UBS811, and ISSR-MAO, 
respectively. Alterations were observed as the gain and/or 
loss of bands among the various concentrations compared to 
control. This shift in ISSR banding patterns, especially the 
gain or loss of bands, is linked to DNA mutations or damage 
at primer binding sites [58]. These molecular changes are 
consistent with our cytogenetic results, including reduced 
MI and increased CA, supporting the evidence of genotoxic 
effects of the extract at both the chromosomal and DNA 
levels.

A dendrogram produced utilizing the UPGMA algo-
rithm based on the ISSR-PCR analysis demonstrated genetic 

Fig. 8   The phylogenetic tree based on the ISSR marker for various concentrations of aqueous extract of A. javanica compared to the control. A 
ISSR418, B ISSR-HB12, C ISSR-UBS 811, and D ISSR-MAO
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variation between the concentrations of the A. javanica leaf 
extract and the control. UPGMA analysis is used to assess 
genetic variation within and between groups [59]. These 
results suggest that an aqueous A. javanica leaf extract may 
induce genetic mutations. It has been previously demon-
strated that certain plant-based remedies include harmful 
substances. Frequently, these substances interact with bio-
logical molecules within cells, such as DNA, and can cause 
cellular damage or genetic mutations [60]. Mutations can 
influence primer annealing, while DNA damage might dis-
rupt the activity of DNA polymerase, consequently affecting 
the quantity of newly synthesized amplicons [61]. In a simi-
lar study, the genotoxic effect of a methanolic leaf extract 
of Forsskaolea tenacissima L. on A. cepa was evaluated 
using ISSR-PCR molecular markers; high concentrations 
of the F. tenacissima leaf methanol extract were shown to 
cause genetic mutations [35].

While this study presents strong and consistent evidence 
on the genotoxic and cytotoxic effects of A. javanica aque-
ous leaf extract, using both cytogenetic and molecular 
assays, it is important to state that our results are derived 
from a plant-based model. The A. cepa assay and ISSR-PCR 
markers used in this work are well-established and widely 
accepted tools in genotoxicity research; however, apply-
ing additional biological models and more comprehensive 
molecular techniques in future studies could offer a broader 
understanding.

5 � Conclusions

This study is among the first to analyze the genotoxic and 
cytotoxic effects of A. javanica aqueous leaf extract using 
cytogenetic and molecular (ISSR-PCR) assays on A. cepa 
meristematic cells. The extract caused a dose-dependent 
reduction in root growth and mitotic activity, and signifi-
cantly increased chromosomal abnormalities and MN. ISSR 
analysis revealed high polymorphic banding patterns, con-
firming DNA-level alterations. These findings suggest that 
the extract may have genotoxic potential, and careful evalua-
tion is needed before considering its use in therapeutic appli-
cations. Further studies should include animal or human 
cells to confirm whether similar effects occur in non-plant 
contexts. Additionally, phytochemical screening of samples 
collected from the Makkah region is recommended to bet-
ter associate the biological effects with specific bioactive 
compounds.
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