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ABSTRACT

	 Angiosperms are recognized as appropriate genetic models to detect heavy metal 
based environmental mutagens and are used in monitoring studies. Allium cepa (onion) has 
been used to evaluate DNA damages like chromosome aberrations and abnormalities in the 
mitotic cycle. The aim of the present study is to analyze the cytotoxic effects of chromium, 
copper, lead and zinc in A. cepa root tip squash mitotic cell divisions. The root tips were treated 
with three concentrations, viz. 5, 10 and 20 mg/100 ml of chromium, copper, lead and zinc at 
room temperature for 24 h. Mitotic indices and chromosomal abnormalities were calculated. 
It was observed that these heavy metals induced different types of chromosomal abnormalities 
comprising of Chromosome break, Chromosome bridge, C-mitosis, Vagrant, Delayed Anaphase 
and Vagrant, Chromosome Loss, Polyploidy and Chromosome Bridge, Chromosome Loss and 
Loculated Nucles, Stickiness, Multipolarity and Polyploid prophase along with the increasing 
doses. The effect of chromium and lead at 20 mg/100 ml concentration was found to be more 
toxic rather than copper and zinc to the root meristem of A. cepa. The ranking of cytotoxic 
potentials was in the descending order: lead > chromium > copper > zinc.

Keywords: Allium cepa, chromosomal abnormalities, heavy metals, mitotic index.

	 Discharge of hazardous chemicals into 
the environment is increasing which affected the 
balance of ecosystems. The heavy metals and other 
pollutants in water bodies and agricultural soils 
have led to bioaccumulation of metals in crops 
and accumulated in different parts of crops1. The 
higher levels of heavy metals in plants suppress 
the metabolism and translocation of reserve 
food materials to the growing regions and their 
subsequent utilization. Heavy metals such as 

cadmium, chromium, iron, lead and iron cause 
carcinogenic in human beings and epidemiological 
studies on genotoxic effects of these heavy 
metals are reported in many biological systems2-5. 
Toxicity of heavy metals, is a widespread global 
problem. Excess heavy metals stress in plant 
causes oxidative damage6,7. Chromium and lead are 
unique heavy metals occur in environment in water 
bodies and agricultural soils8. Chromium occur in 
several oxidation states as trivalent and hexavalent 
states in environment. Plants do not have specific 
mechanisms for chromium uptake and transport9. 
There are some non-essential metals like lead have 
unknown biological or physiological function10. 
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However hyper accumulation of toxic heavy 
metal ions by plants dependent on physiological 
mechanisms like higher rates of uptake, efficient 
translocation and deposition in tissue systems 
especially to the growing region11.
	 The accumulation of heavy metals 
cause damages, alterations to the genetic material 
occurring over a cell cycle12. To test this Allium 
cepa root tip squash technique was conducted and 
it is a quick and relevant biological test for heavy 
metal interaction in environment and its genetic 
risk assessment. The test is based on the assessment 
of genotoxic effect of heavy metals. Chromium 
(Potassium dichromatic, Merck), copper (Copper-
II - Sulphate, Himedia), lead (lead acetate, Merck) 
and zinc (zinc sulphate, Himedia) using A. cepa 
by recording mitotic activity (Mitotic index) and 
mitotic abnormalities in meristematic root tip cells.

MATERIAL AND METHODS

Collection of Plant Materials
	 The A. cepa test consists in obtaining 
onion bulbs cultivated without the application of 
herbicides, fungicides or chemical fertilizers from 
an agricultural field where manure alone used for 
cultivation. The bulbs obtained were placed initially 
in 50 ml culture tubes containing distilled water for 
3 to 4 days for the emerging of roots. After this 
period the bulbs are transferred into experimental 
condition in which triplicate of negative control 
in distilled water and other positive control in 5.0, 
10.0 and 20.0 mg/100 ml chromium, copper, lead 
and zinc all these experiment were conducted in 50 
ml culture tubes for 48 h of exposure in the positive 
control solution. 
Genotoxic analysis
	 Then the rootlets were collected and 
immediately fixed in ethanol: acetic acid (3:1) also 
for 24 h. Afterwards, the rootlets were removed 
from the fixing solution and transferred to 70% 
ethanol and stored at 4°C for further experimental 
work. In the next stage, slides are prepared the 
root tips were hydrolysed in 1 N HCl for one 
minute for softening of tissues and then stained 
with 4% acetocarmine with gentle heat and the 
slides were prepared by using squash technique for 
genotoxic study, observation was done at 1000X 
oil immersion in light microscope (OLYMPUS 
CX21i LED, Camera (MagCam DC 10, 10 MP, 

1/2.3" CMOS SENSOR, Software MAGVISION). 
The cell divisions were analyzed 400 cells per bulb 
total of 1200 cells per treatment and the mitotic 
index was calculated13. 

 
Active Mitotic Index (AMI) %   = 

Total number of dividing cell 
Total number of cell observer 

×  100 

 
Total Abnormality Percentage (TAP) %   = 

Number of abnormal cell 
Total number of cell observer 

×  100 

RESULTS AND DISCUCSSION

	 Data of mitotic index and chromosomal 
abnormalities were presented in Tables 1 to 4. 
The statistical analysis was carried out by using 
Statistical Package SPSS16 version, One-way 
ANOVA, Post Hoc = Tukey Alpha, significant 
at 0.01 level. The Active Mitotic Index (AMI) 
characterized by the total number of dividing cells 
in cell cycle has been used as a parameter to assess 
the cyto/genotoxicity of metals. In the present study 
heavy metals exposed to root meristematic cells 
of A. cepa at different concentration have shown 
decrease in the mitotic index as the concentration 
factor is higher. The AMI for chromium was 36.66 
± 1.44, 46.66 ± 1.44, 43.33 ± 1.44 for 20 mg/100 
ml, 10 mg/100 ml and 5 mg/100 ml concentrations 
respectively as against control 55.33 ± 1.44. For 
copper it was 46.66 ± 1.44, 55.83 ± 1.44, 49.66 ± 
0.57 for the same concentrations as against control 
60.0 ± 0.00. For lead 32.50 ± 0.00, 38.50 ± 1.32, 
49.66 ± 0.57 as against control 55.00 ± 0.00 and 
for zinc 50.00 ± 0.00, 51.66 ± 1.44, 56.66 ± 1.44 
and 60.00 ± 0.00 for control. The decrease in 
mitotic index with the increase in the concentration 
factors agree with other reports14,15. The intensity 
of mitotic index was in the descending order of 
lead > chromium > copper > zinc. The exposure 
to heavy metals prevented plant cells entering 
cell division phases leads in a decrease in the 
mitotic index. The primary action of heavy metal 
on the mitotic spindle promoted spindle related 
chromosomal abnormalities during cell division16. 
The decreased mitotic index treated with metal 
stress is due to disturbances in the cell cycle or 
chromatin disfunction induced by metal-DNA 
interaction which leads to significant reduction of 
mitotic index as reported in this study17. 
	 In the present study the genotoxic effects 
of chromium, copper, lead and zinc resulted in 
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Fig. 1. Gentoxic effect of heavy metals Chromium and 
Copper using Allium cepa L (onion) test (x1000)

Fig. 2. Genotoxic effect of heavy metals Lead and Zinc 
using Allium cepa L (onion) test (x1000)

many abnormalities with reference to tolerance 
to heavy metal stress on root meristematic cells 
of Allium cepa L. Polyploid prophase, C-Mitosis, 
stickiness, Chromosome bridge and break,  
multipolar metaphase, multipolar anaphase, 
chromosome break and vagrant was recorded 
for chromium mediated stress. Copper recorded 
loculated nucleus, chromosome loss, chromosome 
break and vagrant (Fig.1). For lead chromosome 
break, chromosome bridge, C-mitosis, vagrant, 
delayed anaphase and vagrant, chromosome loss, 
polyploid and chromosome bridge, chromosome 
loss and loculated nucleus was recorded. For zinc 
stickiness, loculated nucleus, multipolarity and 
chromosome break abnormalities were resulted 
(Fig. 2).
	 The total abnormality percentage (TAP) 
for chromium revealed 14.83 ± 0.57 for 20 mg/100 
ml, 7.66 ± 0.28 for 10 mg / 100 ml and 4.16 ± 0.14 
for 5 mg/100 ml concentrations against control 
1.33 ± 0.28. For copper 6.50 ± 0.50, 2.83  ± 0.14, 
2.83 ± 0.14 for 20 mg, 10 mg and 5 mg/100 ml 
concentration respectively as against the control 

1.50 ± 0.00. For lead 16.25 ± 0.35, 8.50 ± 0.50, 
6.16 ± 0.28 for the above mention concentrations 
as against the control 1.50 ± 0.00. For zinc 4.00 
± 0.70, 2.33 ± 0.28, 1.33 ± 0.28 for the same 
concentrations as against the control 1.33 ± 0.28. 
The most frequent chromosome aberration for 
chromium is stickiness and chromosome break, in 
the case of copper loculated nucleus and vagrant, 
for lead chromosome break, vagrant chromosome 
loss and loculated nuclei, for zinc stickiness and 
multipolarity. The chromosome break induced by 
several factors, such as DNA breaks, inhibition 
of DNA synthesis and replication of altered DNA 
result from anengeric effects.18 Sticky chromosome 
represent poisoned chromosome with sticky 
surface and probably lead to cell death.16,19 The 
occurrence of C-Mitosis types of chromosome 
abnormalities are due to the loss of microtubules 
of the spindle fibres.13 Chromosomal losses are due 
to the elimination of amplified genetic material.20 

The presence of Lobulated nuclei indicate a cell 
death process, since these abnormalities are related 
to nuclear abnormalities21.
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CONCLUSION

	 The present study provide additional 
and valuable research information about the toxic 
effects of heavy metals by evaluating mitotic 
index and chromosomal abnormalities in the 
meristematic root cells of Allium cepa L. The 
result should be considered a warning of risk the 
environment, biota and human health may incur by 
natural and anthropogenic heavy metal discharge in 
water bodies of the environment. The Allium cepa 
bioassays is an integral tool in quality monitoring 
of water bodies. 
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