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ABSTRACT 
 

Onion (Allium cepa) root apical meristem cells were treated, for various 

exposure time, with various concentrations (0.1-0.4%) of fruit extract of 

Cestrum diurnum so as to assess its cyto-genotoxic potential. The treated 

root tips were fixed, stained and squashed; and mitotic anomalies observed 

under a light microscope. The micro-nuclei (MN) were observed at 

interphase and MN percentage calculated. The fluctuations in mitotic index 

(MI) and abnormality percentage were statistically co-related through 

ANOVA analyses with exposure periods and concentrations as random 

variables. Phytochemical analyses of fruit extract of C. diurnum were 

performed using standard methods. The MI was significantly reduced by all 

the treatments. Increase in concentration and exposure time significantly 

increased the anomaly percentage and frequency of MN induction as 

compared to the control. Phytochemical analysis revealed the presence 

of alkaloids, terpenoids, phenolic compounds, tannins, phytosterols, volatile 

oils, and saponins as secondary metabolites. C. diurnum fruit extract 

showed promising cyto-genotoxic effects on A. cepa root apical meristem 

cells. However, caution is essential for the safe administration of herbal 

preparations.  
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INTRODUCTION 
 

 

Medicinal plant usage has been a part of human culture from ancient times. The World Health 
Organization has estimated that 80% world population relies on habitual medicine (Smith-Hall et 

al., 2012). The practice based on habitual medication is generally crude extracts in water, alcohol, 

distillates, or essential oils, containing multiple secondary metabolites (SMs) with different 

structural groups, and their effectiveness is frequently dependent on the synergistic interactions of 
SMs present (Mulyaningsih et al., 2010; Eid et al., 2012). The apparent broad-spectrum activity of 

concoctions used in traditional medicine has been ascribed to the phenolic compounds and 

polysaccharides (Wink, 2015). At high concentrations, the secondary metabolites alter membrane 
fluidity and enhance permeability. As a result, many lipophilic secondary metabolites (particularly 

those found in essential oils) exhibit antimicrobial and cytotoxic properties (van Wyk and Wink, 

2015). Standard plant assays can be used to explore the cyto-genotoxic effects of chemicals in live 
systems by assessing MI and phase, chromosomal aberrations, and the proportion of MN in somatic 

cells (Singh et al., 2008). Onion (Allium cepa) is the most frequently used plant to assess the 

potential cytotoxicity due to its easy availability, quick processing, and accurate results (Verma et 

al. 2016; de Souza et al. 2017). Chemicals that generate chromosomal aberration in plant cells also 
cause chromosomal aberration in cultured animal cells (Grant, 1978; Ma et al., 1994). 
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The genus Cestrum (family Solanaceae) has about 300 species and is widely dispersed across 
the world. Cestrum diurnum L. is a single- or multi-stemmed shrub commonly known as ‘Day 

Jasmine’. The herb is used in folk medicine for a variety of purposes (Mello, 2003). Many herbal 

extracts have been explored for potential cytotoxicity and mutagenic potential (Feretti et al., 2007; 
Chaudhuri and Ray, 2015; Barman et al., 2020). However, no information is available on the 

genotoxic potential of C. diurnum. The present study was aimed to assess the potential cytotoxicity 

(based on mitotic index and certain nuclear abnormalities) and mutagenic potential (based on the 

detection of micronucleated cells) of phytoextract of C. diurnum in somatic cells of onion (A. cepa). 
 

 
 

MATERIALS AND METHODS 
 

 

Fruit collection and extraction 

Healthy and green fruits of C. diurnum were collected from the outskirts of Bandel, West Bengal, 
India. The plant was recognized taxonomically, and a voucher specimen (GCSC05) herbarized in 

the Department of Zoology, Sreegopal Banerjee College, Mogra, West Bengal, India (latitude 

22°59' North and longitude 88°22' East) for future reference. Freshly harvested fruits of C. diurnum 

were cleaned in running tap water, followed by distilled water, and then soaked in paper towels. 
Fresh extract was made by crushing the fruits (50 g) in a mortar and pestle. The contents were 

filtered through Whatman No. 1 filter paper and the filtrate maintained as stock solution (100% 

concentration) for future assays. After a preliminary toxicity study on A. cepa root tips with stock 
solution, four concentrations (0.1, 0.2, 0.3 and 0.4%) of extract were prepared by diluting the stock 

solution with sterilized distilled water for the Allium cepa assay. 
 

Allium cepa assay 

The present experiment was conducted in the Research Laboratory, Department of Zoology, 

Sreegopal Banerjee College, Hooghly, West Bengal (India). The Allium cepa test for genotoxicity 
was conducted according to the method of Rank and Nielsen (1994) with slight modifications. 

Small, healthy onion bulbs (2n = 16) of 1–2 cm dia. were purchased from a local market. Dried 

roots were removed from the base of stem disc with the help of a sharp blade; the outer scales of 

bulbs were removed without damaging the root primordia. The bulbs were planted in test tubes (10 
mL) containing sterilized distilled water in such a way that only root primordia were immersed in 

the sterilized distilled water and allowed to sprout in darkness (for 48 h) in a culture room 

maintained at 25±1ºC.  The germinated bulbs with healthy roots (1-2 cm) were transferred to test 
tubes (10 mL), between 9 a.m. and 10 a.m. (during peak mitotic phase), in such a way that only 

roots were immersed in the test concentration of C. diurnum extract (10 mL). To account for 

photosensitive nature of plant extracts and to reduce variations in cell division, the tests were 
conducted at 25±1ºC in dark. A control group, which did not receive any treatment, was kept in 

sterilized distilled water alongside the treatment groups. Each treatment was replicated five times in 

a completely randomized design, maintaining 5 roots per bulb and inspected at hourly interval up to 

4 h. For MN assay, the roots were allowed to grow for 6, 12 and 24 h at the test doses (0.2, 0.3, and 
0.5%) and inspected accordingly. 
 

Preparation of mitotic phases 

For mitotic squash preparation the improved technique of Sharma and Sharma (1980) was followed. 

Root tips (treated and untreated) were cut from the samples at 1, 2, 3, and 4 h interval, then rinsed 

in distilled water and promptly fixed in Carnoy's fixative for 24 h. The root tips are hydrolyzed for 
10 min in 1 N HCl at 60ºC and stained with staining mixture (2% aceto-orcein) for 45 min. After 

staining, the meristematic regions were placed on clean slides in a drop of 45% acetic acid, 

squashed under a cover glass, and examined at 40X magnification using a bright field microscope 
(Make: Carl Zeiss, Model: Primo Star). 
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Phytochemical analysis 

The phytochemical analyses of green fruit of C. diurnum were carried out using standard 

procedures (Harborne, 1984) for the presence of secondary metabolites like alkaloids, terpenoids, 

phenolic compounds, flavonoids, tannins, phytosterols, volatile oils, and saponins   
 

Statistical analyses 

ANOVA was performed for MI and abnormality percentage data, followed by Tukey’s HSD test 
(Tukey et al., 1985; Benjamini and John, 2002). Results with P< 0.05 were considered statistically 

significant. Data analysis was performed by using the computer software "MS Excel 2003" and 

SPSS Statistical Software Package version 16.0 (SPSS Inc. Released 2007. SPSS for Windows, 

Version 16.0. Chicago, SPSS Inc.). 
 

 

 

RESULTS AND DISCUSSION 
 
 

Drugs of plant origin are extremely important in safe treatment of human illnesses. The therapeutic 
value of a plant is attributed to its presence of chemical components having medicinal 

characteristics (Prabhu et al., 2011). The phytochemicals like colchicine perform as spindle poisons 

and inhibit microtubule polymerization (Cocco et al., 2010). The mitotic abnormalities due to the 
cytotoxicity and genotoxicity of aqueous extract of C. diurnum on onion root meristematic cells are 

given in Table 1. The MI showed decrease with increase in concentration and exposure time; while 

abnormality percentage showed increase with increase in concentration and exposure time. The 
two-way analysis of MI and abnormality percentage induced by C. diurnum fruit extract in response  
 

Table 1: Mitotic index and abnormality percentage in Allium cepa cells exposed to 

concentrations of Cestrum diurnum fruit extract 

Concentrations 

(%) 

Exposure 

time 

(h) 

Total cells in 

mitotic stages 

(count) 

Total cells with 

chromosomal aberrations 

(Mean ± SE) 

Mitotic index (MI) 

(Mean ± SE) 

Percent 

abnormality ± 

SE 

0.4 

1 1,384 143.8 ± 3.63 55.3 ± 1.53** 52.1 ± 1.83** 

2 1,374 147.4 ± 4.04 54.9 ± 1.59** 53.8 ± 2.44** 

3 1,358 149.8 ± 3.73 54.3 ± 1.67** 55.3 ± 2.10** 

4 1,189 157.0 ± 2.30 47.5 ± 0.71** 66.7 ± 3.25** 

0.3 

1 1,457 127.2 ± 3.72 58.2 ± 1.19** 43.7 ± 1.49** 

2 1,442 132.0 ± 5.57 57.6 ± 1.26* 45.8 ± 2.03** 

3 1,426 133.8 ± 3.32 57.0 ± 1.31* 47.1 ± 2.05** 

4 1,406 136.6 ± 3.09 56.2 ± 1.41** 48.6 ± 1.27** 

0.2 

1 1,527 106.4 ± 3.38 61.0 ± 1.24** 34.8 ± 1.19** 

2 1,515 110.6 ± 3.58 60.6 ± 1.23** 36.6 ± 1.68** 

3 1,499 112.2 ± 4.37 59.9 ± 1.27** 37.5 ± 2.04** 

4 1,478 118.6 ± 3.69 59.1 ± 1.17** 39.6 ± 2.00** 

0.1 

1 1,623 87.4 ± 2.01 64.9 ± 1.21** 26.9 ± 0.85** 

2 1,609 91.4 ± 3.96 64.3 ± 1.19** 28.3 ± 1.00** 

3 1,589 97.4 ± 3.23 63.4 ± 1.12** 30.7 ± 1.42** 

4 1,565 101.6 ± 2.94 62.6 ± 1.19** 32.5 ± 1.49** 

Control 

 

1 

2 

1,906 

1,729 

0.0 ± 0.00 

0.0 ± 0.00 

76.2 ± 0.64 

69.1 ± 0.97 

0.0 ± 0.00 

0.0 ± 0.00 

3 

4 

1,701 

1,678 

0.0 ± 0.00 

0.0 ± 0.00 

68.0 ± 1.01 

67.1 ± 0.99 

0.0 ± 0.00 

0.0 ± 0.00 

*, Significant at p<0.01, **, Significant at p<0.001 when compared with their respective control as 

determined by Tukey’s HSD test, SE= standard error; Total cells observed were 2500 in each case 
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Table 2: Two-way analysis of mitotic index 

induced by Cestrum diurnum fruit extract 

with concentration (C) and exposure time 

(E) as two random variables 

Source of 

variation 
df 

Sum of 

squares 

Mean sum 

of squares 
F value†  

C 4 3380.714 845.179 112.648** 

E 3 278.024 92.675 12.352** 

C × E 12 221.954 18.496 2.465* 

Residual 80 600.224 7.503  

Total 99 4480.916   
†
Level of significance is 0.05,*, P<0.05, **, P<0.001, 

df =degrees of freedom 
 

to different concentrations and increasing 
concentrations and exposure time. exposure 

time as two independent variables are given in 

Table 2 and 3, respectively. The individual 
factors and all the possible factor combinations 

were found significantly related to the MI and 

abnormality percentage (at P<0.05, P<0.001) 

when compared with control treatment. MI is 
used as a biological signal of adequate cell 

increment (Gadano et al., 2002), which gives 

the ratio of cells in various mitotic phases and 
the frequency of cellular division (Fachinetto et 

al., 2007). The reduction in MI may be the 

consequence of cells not advancing from the 

synthesis phase of cell cycle or because of the 
blocked DNA synthesis (Karaismailoglu, 

2015). Reduction in mitotic activity in any cell 

is often taken as an indicator of its exposure to 
genotoxic agents. 

The results of MN test in onion root tips 

exposed to the test concentrations of C. 
diurnum are given in Table 4. The frequency of 

MN induction was found time- and dose-

dependent and was significantly distinct in all 

treatments in comparison to the control 
(p<0.05). MN assays have a key role in the 

evaluation of toxicity influences 

(Karaismailoglu, 2014a). MN may originate 
from a lagging chromosome at anaphase or 

from a chromosome fragment (Badr and 

Ibrahim, 1987), which may lead to the loss of 
genetic material and has been regarded as an 

indication of mutagenicity of their inducers 

(Ruan et al., 1992). These bridges are usually 

formed by joined the sister chromatids that stay 
together until late anaphase or telophase 

(Gömürgen, 2005). 

The qualitative phytochemical screening 
of fruit extract of C. diurnum revealed the 

presence of various secondary metabolites viz., 

alkaloids, terpenoids, phenolic compounds, 

tannin, phytosterols, volatile oils, and saponin. 
The saponins have been reported to possess 

antiproliferative and anti-cancer activities (Kim 

et al., 2016). This indicates that a significant 
reduction in MI of onion root tips may be due 

to the individual or combined effects of 

secondary metabolites. The studies on toxicity 
and mutagenicity of botanicals help in the 

Table 3: Two-way analysis of abnormality 

percentage induced by Cestrum diurnum 

fruit extract with concentration (C) and 

exposure time (E) as two random variables 

Source of 
variation 

df 
Sum of 
squares 

Mean 

sum of 

squares 

F value†  

(C) 4 37319.769 9329.942 678.336** 

(E) 3 490.451 163.484 11.886** 

(C)×(E) 12 385.492 32.124 2.336* 

Residual 80 1100.333 13.754  
Total 99 39296.044   
†, Level of significance is 0.05, *, P<0.05, **, 

P<0.001, df =degrees of freedom 
 

Table 4: Efficacy of fruit extract of Cestrum 

diurnum on micronucleus (MN) assay 

Concentrations 

(%) 

Exposure 

(h) 

Cells with 

micronucleus 

(%±SE) 

0.4 

6 0.37±0.02* 

12 0.44±0.02* 

24 0.57±0.02* 

0.3 

6 0.33±0.02* 

12 0.36±0.03* 

24 0.40±0.01* 

0.2 

6 0.32±0.03* 

12 0.34±0.02* 

24 0.37±0.01* 

Control 

6 0.00±0.00 

12 0.00±0.00 

24 0.00±0.00 

*, Significant at p<0.01, when compared with their 

respective control as determined by Tukey’s HSD test 

Total cells observed were 2500 in each case 

verification of their efficacy and safety before their use (Ferreira et al., 2009). Consequently, the 

cytotoxic menace of C. diurnum in onion emphasizes its judicious use in the form of drugs, while 
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the genotoxic and mito-depressive effects of extract can be targeted to destroy the cancer cells. It 
may be concluded that C. diurnum fruit extract induces cytotoxic effects at higher concentrations, 

and careful screening of this plant is required for its safe administration in the form of herbal 

preparations. 
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