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INTRODUCTION 

 

             One way to evaluate the toxicity of natural extracts of medicinal plants is the Allium 

cepa assay. This in vitro test is very useful as a first-tier analysis of cytotoxicity and 

genotoxicity, because of the simplicity, low relative cost, versatility and minimum laboratory 
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            This study extracted polysaccharides from cotyledon and coats of 

fermented and unfermented A. squamosa seed and determined the genotoxic 

potential of the polysaccharides. Fresh and ripe sugar apple fruits were 

collected from an orchard at Ota-Efun, Osogbo, Nigeria and authenticated at 

IFE Herbarium, Obafemi Awolowo University, Ile-Ife, Nigeria. The seeds 

were divided into two: a portion was fermented traditionally and the other 

unfermented. The cotyledon and the coat of both the fermented and 

unfermented seeds were separated and defatted. Polysaccharides were 

isolated to yield fermented cotyledon polysaccharide (FCP), fermented seed 

coat polysaccharide (FSCP), unfermented cotyledon polysaccharide (UCP), 

and unfermented seed coat polysaccharide (UFSCP). The estimation of 

hexoses, total hexosamines, and total uronic acid concentrations in the 

polysaccharide was carried out using HPLC. Genotoxic activities of the 

polysaccharides were investigated using standard methods.  

           The analyses of the polysaccharide composition revealed that the 

polysaccharides were all heteropolysaccharides. Genotoxic investigations of 

the polysaccharides revealed very low mitotic indices, chromosomal 

aberration, and very low LC50. 

           The study concluded that the polysaccharides from fermented and 

unfermented cotyledon and coat of A. squamosa seeds have excellent 

genotoxic activities and potential compounds in the search for drugs for 

combating cancer and other diseases related to oxidative stress. 
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facilities required for its performance. Moreover, the results obtained using the A. cepa root 

model show a high degree of conformity with the results obtained from mammalian assays 

(Ҫavuşoğlu, 2019). The Allium cepa test has been used by many researchers mainly as a 

bioindicator of environmental pollution (Cabuga et al., 2017), testing crude extracts of 

cyanobacteria (Bonciu et al., 2018), as well as evaluating the genotoxic potential of 

medicinal plants (Singh et al., 2017), because this test uses a model that is adequately 

sensitive to detect in numerous substances that cause chromosomal alterations. High 

sensitivity and good correlation with mammal tests and the same sensitivity as test systems 

of algae and human lymphocytes exist when compared with Allium cepa (Hammann et al., 

2020). 

             Studies have revealed that plant-derived compounds dramatically improve hard-to-

treat illnesses, such as cancer, while a number of plant components are characterised by their 

ability to prevent the development of certain diseases (Shukrullo, 2020). Plant 

polysaccharides have been proven to possess excellent antioxidant and anti-inflammatory 

activities which confer on them their therapeutic potentials (Mzoughi, 2018). Presently, there 

is no scientific information on the genotoxic activities of polysaccharides from Annona 

squamosa seed, hence this study. 

 

MATERIALS AND METHODS 

 

Collection and Identification of Annona squamosa Fruits:  

           Fresh and ripe sugar apple fruits were collected from an orchard at Ota-Efun, 

Olorunda Local Government, Osogbo, Osun State, Nigeria (07o 32 30.2496 N, 04o 31 

41.7036 E) between July and August. The fruits were identified and authenticated at IFE 

Herbarium, Department of Botany, Obafemi Awolowo University, Ile-Ife, Nigeria, and 

voucher number (IFE-17805) was obtained. 

Allium cepa Bulbs: 

           Healthy and fresh bulbs of Allium cepa (onion) were purchased from Ota-Efun 

Market, Osogbo, Osun State, Nigeria and authenticated at IFE Herbarium, Department of 

Botany, Obafemi Awolowo University, Ile-Ife, Nigeria and voucher number (IFE-17944) 

was obtained. 

Reagents and Chemicals: 

           All chemicals and reagents used for this study were of analytical grade and purchased 

from various sources. All buffers, reagents and solutions were prepared with distilled water 

except otherwise stated. 

Methods 

Fermentation And Processing of Sugar Apple Seeds:  

           The A. squamosa seeds were removed from the matured, ripe, soft fruits into clean 

containers and divided into two portions. A portion was fermented traditionally by wrapping 

the seeds in banana leaves, kept inside a dark cupboard for 7 days, and oven-dried at 40 oC 

(Dare et al., 2013). The second portion was washed with clean water to remove the pulp and 

also oven-dried at 40 oC as unfermented seeds. The cotyledons of both fermented and 

unfermented seeds were separated from the seed coat and powdered separately in a Warring 

Blender. The powdered materials were termed fermented cotyledon (FC), unfermented 

cotyledon (UC), fermented seed coat (FSC), and unfermented seed coat (USC) respectively. 

The powdered cotyledon samples were defatted with n-hexane, extracted with 80% (v/v) 

ethanol for 24 hr to remove organic compounds, and the residues were air-dried. 

Preparation of Polysaccharides:  

           The preparation of polysaccharides of FC, UC, FSC and USC was carried out using 

a procedure that was based on the earlier methods (Liu et al., 2012) as illustrated in Fig. 1. 
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The precipitates were labelled as fermented cotyledon polysaccharide (FCP) and 

unfermented cotyledon polysaccharide (UCP) respectively and kept in the refrigerator for 

further analyses.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

Fig. 1: Fractionation Scheme of Annona squamosa Fermented and Unfermented Cotyledon 

and Seed Coat 
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HPLC Analysis of the Polysaccharides:  

          The composition of the extracted polysaccharides was analysed by HPLC method 

(Yan et al., 2016).  

Statistical Analysis: 

          The data obtained were analysed using One-way ANOVA followed by Tukey multiple 

comparison test. Differences were considered to be significant if p <0.05.  

Genotoxic Activity Assessment: Allium cepa Assay: 

           The Allium cepa test is used for screening and monitoring environmental chemicals 

with mutagenic and carcinogenic potential (Cabaravdic, 2010; Sharma and Vig, 2012). 

Pre-treatment of Allium cepa Bulbs with Polysaccharides: 

           The Allium cepa bulbs (63) were purchased from Ota-Efun market, Osogbo. The 

scally outer leaves of A. cepa were carefully removed and old roots were carefully scraped 

off to promote the emergence of new roots. The bulbs were grown in distilled water (25 ml) 

inside cups at room temperature for 24 hr to initiate root growth. The onion bulbs were then 

grown in 25 ml of different concentrations of the polysaccharides (0, 100, 200, 300, 400, 

and 500 µg/ml) in triplicates for 48 hr, while another set of A. cepa bulbs was grown in 

distilled water to serve as the negative control. The solutions were changed daily. After 48 

hr, the roots (10) from each bulb were harvested and the length was measured with a ruler 

(in cm).  

Percentage root growth inhibition was calculated from the expression: 

Percentage growth inhibition = 
Root length of control − Root length treated with extract

Root length of control
x 100 

          The harvested roots were fixed in Carnoy’s fixative solution (1:3 acetic acid: ethanol) 

for 24 hr and used for the preparation of slides.  

Preparation of Microscope Slides:  

          The root tips were rinsed with distilled water and hydrolysed with 1 M HCl solution 

at room temperature for 10 min to soften them. The meristems (tips) of the roots were cut 

with a clean blade onto a microscope slide [MEDI-SCAN clear glass ground edges 25.4 x 

76.2mm (1" x 3") THICK]. A drop of the fixative solution was added and the root was 

mashed with a clean crushing pin. A drop of 2% (w/v) FLP (formic-lactic-propionic acid)-

orcein stain was added and a clean coverslip was gently placed on the root-stain mixture and 

allowed to stand for 15 min for the cells to take up the stain. The excess stain was removed 

by blotting the slide with a Whatman filter paper. The prepared slides were allowed to dry 

at room temperature and viewed under a microscope at a magnification of x 100. Five slides 

were prepared for each concentration. 

Analyses of the Slides:  

          The cells in different cell division stages (prophase, metaphase, anaphase, and 

telophase) and interphase were counted and scored in each slide. The numbers of dividing 

cells, non-dividing cells and cells with chromosomal aberrations (such as chromosomal 

breakages, simple or multiple anaphasic bridges, micronucleus, laggard, or lost 

chromosomes) were also counted and recorded.  

Photomicrography: 

          Photomicrographs of the slides showing chromosomal aberrations were taken using 

an Accu-scope trinocular microscope (ACCU-scope 33001 LED Trinocular microscope 

with 3.2 MP CMOS digital camera) at the Department of Botany, Obafemi Awolowo 

University, Ile-Ife, Osun State, Nigeria.  

          The cytotoxic potential was calculated through observation of the mitotic index (MI).  

The MI was calculated for each treatment using the expression: 

Mitotic Index (MI) = 
Number of dividing cells

Total number of cells
 x 100 
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RESULTS AND DISCUSSION 

 

Percentage Yield of Water-Soluble Polysaccharides: 

           The polysaccharides from the fermented cotyledon and seed coat of A. squamosa had 

lower yields than the unfermented cotyledon and seed coat. The increase in the unfermented 

cotyledon and seed coat could be a result of some metabolic activities which took place 

during fermentation (Table 1).  

 

Table 1: Percentage Yield of Purified Polysaccharides 

 
Each value represented Mean ± SEM of n = 4 replicates 

FCP = fermented cotyledon polysaccharides, FSCP = fermented seed coat polysaccharides, UCP = 

unfermented cotyledon polysaccharides, USCP = unfermented seed coat polysaccharides  

 

Polysaccharides Components from HPLC Analysis: 

           The HPLC analyses of the polysaccharides revealed the presence of certain 

monosaccharides and derivatives of monosaccharides (Appendices 1 to 12) like rhamnose, 

mannose, fructose, fucose, glucose, galactose, arabinose, xylose, galactosamine, 

fructosamine, glucosamine, mannuronic acid and glucuronic acids, alluronic acid, 

galacturonic acid. All the polysaccharides could also be noted as pectic polysaccharides due 

to the high content of uronic acids in them except for FCP.  

Genotoxic activities of A. squamosa polysaccharide: 

a. Allium cepa root growth inhibition assay: 

            The Allium cepa root growth inhibition assay showed the effects of the 

polysaccharides on the growth of the root length of Allium cepa (onion bulbs). The root 

growth inhibition was observed to be concentration-dependent i.e. the higher the 

concentration of the polysaccharides, the higher the root growth inhibition. Table 2 is the 

summary of A. cepa root growth inhibition. The results showed that as the concentration of 

polysaccharides increased, the root lengths decreased. At the highest concentration used (500 

µg/ml), FCP elicited the highest percentage inhibition in root length growth (48.61%) with 

reference to the control and USCP had the lowest percentage inhibition in root length growth 

(8.33%) with reference to the control.  

            The statistical analyses of the concentration-dependent reduction in root length (RL) 

of Allium cepa treated with different concentrations (100, 200, 300, 400 and 500 µg/ml) of 

FCP, FSCP, UCP and USCP for 48 hours showed the difference was significant in Pearson’s 

correlation analysis where correlation coefficient (r) was -0.9839 with significance level p < 

0.0001 and 95 % confidence interval (CI) for r -0.9990 to -0.7706 for FCP, correlation 

coefficient (r) was -0.9728 with significance level p < 0.0001 and 95 % confidence interval 

(CI) for r -0.9983 to -0.6383 for FSCP, correlation coefficient (r) was -0.9816 with 

significance level p < 0.0001 and 95 % confidence interval (CI) for r -0.9988 to -0.7413 for 

UCP, and correlation coefficient (r) was -0.9377 with significance level p < 0.0001 and 95 

% confidence interval (CI) for r -0.9960 to -0.3206 for USCP. 
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Table 2: Root Growth Inhibition Allium cepa Mean Root Length and Percentage Change in 

Length. 

 
Each value represented Mean ± SEM of n = 10 replicates. The control group change rate (%) was 

taken as 100 %, and the other concentrations were compared to this group. 

% Inhibition = (
𝑅𝑜𝑜𝑡 𝑙𝑒𝑛𝑔𝑡ℎ𝑐𝑜𝑛𝑡𝑟𝑜𝑙− 𝑅𝑜𝑜𝑡 𝑙𝑒𝑛𝑔𝑡ℎ𝑠𝑎𝑚𝑝𝑙𝑒

𝑅𝑜𝑜𝑡 𝑙𝑒𝑛𝑔𝑡ℎ𝑐𝑜𝑛𝑡𝑟𝑜𝑙
 x100) 

FCP = fermented cotyledon polysaccharides, FSCP = fermented seed coat polysaccharides, UCP = 

unfermented cotyledon polysaccharides, USCP = unfermented seed coat polysaccharides. 

 

b. Mitotic Indices and Chromosomal Aberrations: 

           Tables 3-6 are the summaries of the mitotic indices (the proportion of cells in a 

population that are in mitosis at a given time) and chromosomal aberrations exhibited by 

varying concentrations of the purified polysaccharides. The mitotic indices (MI), and 

chromosomal aberration (CA) analyses showed that MI decreased with increase in the 

concentration of the polysaccharides while chromosomal aberration increases with increase 

in the polysaccharides. This implied that cell division reduced as the concentrations of the 

polysaccharides increased and there was a rise in the frequency of abnormal chromosome 

(CA) with an increase in the polysaccharides concentration. However, FCP elicited the 

lowest mitotic index and highest chromosomal aberration and USCP with the highest mitotic 

index and lowest chromosomal aberration (Table 7). Table 8 presented the change in MI 

with respect to the control, providing summarised evidence of a decrease in MI with an 

increase in the polysaccharides concentrations.  

 

Table 3: Mitotic Indices in Root Cells of Allium cepa Treated with FCP  

 
Each value represented Mean ± SEM of n = 10 replicates.  

MI = (
TDC

TC
 x100), CA = (

TAC

TDC
 x100) 

FCP = fermented cotyledon polysaccharides, FSCP = fermented seed coat polysaccharides, UCP = 

unfermented cotyledon polysaccharides, USCP = unfermented seed coat polysaccharides  

 

Table 4: Mitotic Indices in Root Cells of Allium cepa Treated with FSCP 

 
See footnote of Table (3) 
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Table 5: Mitotic Indices in Root Cells of Allium cepa Treated with UCP 

 
See footnote of Table (3) 

 

Table 6: Mitotic Indices in Root Cells of Allium cepa Treated with USCP 

 
Each value represented Mean ± SEM of n = 3 replicates.  

MI = (
TDC

TC
 x100), CA = (

TAC

TDC
 x100) 

FCP = fermented cotyledon polysaccharides, FSCP = fermented seed coat polysaccharides, UCP = 

unfermented cotyledon polysaccharides, USCP = unfermented seed coat polysaccharides 

 

Table 7: Summary of Allium cepa Mitotic Indices and Chromosomal Aberration for the 

Polysaccharides 

 
Each value represented Mean ± SEM of n = 10 replicates. The values with alphabet superscripts are 

statistically significant at p < 0.05, a compares Control with the rest.  

FCP = fermented cotyledon polysaccharides, FSCP = fermented seed coat polysaccharides, UCP = 

unfermented cotyledon polysaccharides, USCP = unfermented seed coat polysaccharides 

 

Table 8: Change in Mitotic Index (MI) Relative to Control 

 
Key: ↓ represents decrease relative to control, ↑ represents increase relative to control 

FCP = fermented cotyledon polysaccharides, FSCP = fermented seed coat polysaccharides, UCP = 

unfermented cotyledon polysaccharides, USCP = unfermented seed coat polysaccharides. 

 

            The statistical analyses of the concentration-dependent reduction in mitotic indices 

(MI) of Allium cepa root tip meristem cells treated with different concentrations of FCP, 

FSCP, UCP and USCP for 48 hours showed the difference was significant in Pearson’s 

correlation analysis where correlation coefficient (r) was -0.9976 with significance level p < 
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0.0001 and 95 % confidence interval (CI) for r -0.9999 to -0.9624 for FCP, correlation 

coefficient (r) was -0.9688 with significance level p < 0.0001 and 95 % confidence interval 

(CI) for r -0.9980 to -0.5957 for FSCP, correlation coefficient (r) was -0.9963 with 

significance level p < 0.0001 and 95 % confidence interval (CI) for r -0.9998 to -0.9423 for 

UCP, and correlation coefficient (r) was -0.9961 with significance level p < 0.0001 and 95 

% confidence interval (CI) for r -0.9998 to -0.9391 for USCP. 

           Plate 1 showed some of the observed chromosomal aberrations like chromosome 

laggards, spindle disturbance and extended cell at metaphase, anaphase clumping, anaphasic 

bridge, and chromosomal breakage at anaphase. 

 

 
Plate 1: Some Observed Chromosomal Aberrations in Allium cepa Roots Treated with 

the Polysaccharides at x 100 
a” is chromosome laggards, spindle disturbance, and extended cell at metaphase, “b” is the formation 

of anaphasic bridge “c” is anaphase clumping and formation of anaphasic bridge, “d” is chromosome 

breakage at anaphase. 
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DISCUSSION 

 

            The Allium cepa test is an important test, where the roots grow in direct contact with 

the substances of interest enabling possible damage to the DNA of humans to be predicted. 

The Allium cepa assay involved measurements of the length of the root and chromosome 

damage and proved to be a suitable model system for the measurement of environmental 

cytogenotoxic potential of pollutants (Olorunfemi et al., 2015). Rubeena and Thoppil, (2020) 

also reported that analysis of metaphase chromosomes is an important and most widely used 

method to assess the mutagenic potential of a given agent. 

            From this study, the fermented cotyledon polysaccharides (FCP) elicited the lowest 

mitotic index and highest chromosomal aberration and unfermented seed coat 

polysaccharides (USCP) with the highest mitotic index and lowest chromosomal aberration 

at the highest concentration used (500 g/ml) (Table 6). The root growth inhibition could 

have occurred as a result of the inhibition of cell division (indicating toxicity) and it is thus 

an index for estimating general toxicity. It occurs when roots are exposed to extreme pH, or 

to substances that prevent nutrient uptake (Owolarafe et al., 2020). The inhibitory effects 

could also be due to cell extension, that is, cessation of root elongation which is correlated 

with the disappearance of mitotic figures. It has been observed that some mechanisms 

associated with cell division are highly sensitive to certain chemicals or metals and are 

permanently damaged by short exposures (Jaskowiak, et al., 2018). Thus, the root growth 

analysis results indicated that all the polysaccharides investigated possessed and exhibited 

cytotoxic effects on the roots of A. cepa, and the polysaccharides might be inhibiting the rate 

of cell divisions at the meristem, thereby the root growth is either inhibited or slowed down. 

The cytological analyses of A. cepa roots exposed to different concentrations (0-500 g/ml) 

of the polysaccharides examined were carried out. When compared to the negative control 

value of 18.98 ± 0.54%, there was a statistically significant (p < 0.05) decrease in mitotic 

index (MI) with increasing polysaccharides concentration in the root length of onions treated 

with the four polysaccharides investigated. The mitotic index thus gives an insight into the 

inhibition of cell division and it is observed microscopically by counting the number of cells 

in metaphase, which is an index of the meristematic cell. The mitotic index, which is defined 

as the ratio of the number of cells in mitosis and the total number of cells, is an indirect 

measurement of cell proliferation. It is considered to reliably identify the presence of 

cytotoxic pollutants in the environment (Wijeyaratne and Wickramasinghe, 2020).  

The dose-dependent inhibition of the mitotic indices in the root of A. cepa could be due to 

intracellular stress like DNA damage, preventing cells from entering mitosis. It could also 

be due to a negative interference of the test compounds with DNA synthesis, microtubule 

formation, impaired nucleoprotein synthesis and reduced level of ATP to provide energy for 

spindle elongation, microtubule dynamics and chromosomal movements (Madić et al., 

2019).  

             A mitotic index (MI) decrease below 22% of negative control causes lethal effects 

on test organisms while a decrease below 50% has sublethal effects which are called 

cytotoxic limit value (Sharma and Vig, 2012; Rubeena and Thoppil, 2020). Several 

investigators have employed MI as an endpoint for the evaluation of genotoxicity or 

antigenotoxicity of different chemical treatments (Sharma et al., 2012; Bhat et al., 2019). At 

the highest concentration used (500 µg/ml), MI of FCP treated Allium cepa root decreased 

by 5.54% below control, FSCP decreased 20.41% below control, UCP decreased 35.20% 

below control, and USCP decreased 43.07% below control (Table 7). Thus, the mitotic 

indices revealed that FCP was lethal at 400 and 500 µg/ml and sublethal at 200 and 300 

µg/ml. FSCP was lethal at 500 µg/ml and sublethal at 300 and 400 µg/ml. Those of UCP and 

USCP on the other hand were sublethal at 500 µg/ml concentrations, UCP did not exhibit 
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any lethal effect below 300 µg/ml and USCP did not exhibit any lethal effect below 400 

µg/ml. These established that the tested polysaccharides all possessed genotoxic activities at 

the highest concentration (500 µg/ml) used and are potential anticancer agents that can cause 

chromosomal damage on cancerous cells, thus induce apoptosis.  

             The microscopic analysis of the root tip cells of A. cepa exposed to the 

polysaccharides showed that chromosomal aberrations were induced in the root tip cells of 

A. cepa exposed to the extracted polysaccharides at different concentrations and no 

aberration was observed in the control group. Most aberrations were observed in A. cepa 

cells exposed to fermented cotyledon polysaccharides (FCP) indicating that it is the most 

toxic of the polysaccharides investigated (Table 6). The variation of chromosomal 

aberrations with the different polysaccharides was however dose-dependent. A possible 

explanation for this is that with increasing concentration, and consequently increasing 

toxicity, there was an inhibitory effect on cell division. This might result in prophase arrest 

with the attendant decline in the observation of chromosome aberration (Okereke et al., 

2020).  

             In conclusion, this study provided pieces of evidence backed up by scientific data 

on the genotoxic potentials of polysaccharides from fermented and unfermented A. 

squamosa cotyledon and coat and the enhancive role of fermentation to bioactivities of 

phytochemicals. 
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Appendix 1: Monosaccharides HPLC Chromatogram for FSCP 

 

 
 

Appendix 2: Monosaccharides HPLC Chromatogram for UCP 
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Appendix 3: Monosaccharides HPLC Chromatogram for USCP 
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Appendix 4: Monosaccharides HPLC Chromatogram for FCP 

 

 

Appendix 5: Uronic Acids HPLC Chromatogram for UCP 
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Appendix 6: Uronic Acids HPLC Chromatogram for FCP 
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Appendix 7: Uronic Acids HPLC Chromatogram for USCP 

 

 
 

 

Appendix 8: Uronic Acids HPLC Chromatogram for FSCP 
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Appendix 9: Hexosamines HPLC Chromatogram for UCP 
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Appendix 10: Hexosamines HPLC Chromatogram for FCP 

 

 
 

 

Appendix 11: Hexosamines HPLC Chromatogram for USCP 
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Appendix 12: Hexosamines HPLC Chromatogram for FSCP 

 

 
 

 

 

 


