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/ A\
Abstract:  Globally, crop plants are treated with pesticide spray to destroy insects which cause great damage\
to them. Profen Super is an insecticide that is sprayed on cotton plants to save them from Bollworm attack. In
this study rooting of Allium cepa bulbs was allowed to take place in the solution of Profen Super. Four dilutions,
1:1,1:2, 1:4 and 1:8, of the recommended dose of Profen Super were tested. Root length was the parameter used

to study the effect of Profen Super on root growth. Reduction of mitotic index of the cells of the root apical
meristem and incidence of chromosomal aberrations were the criteria employed to evaluate cytogenotoxicity of
Profen Super by means of Allium cepa assay. The results showed that with insecticide treatment not only was
mitotic index much lower in comparison to control but several types of chromosomal aberrations were observed

in the cells of the treated roots. Chromosomal aberrations included disturbed prophase, sticky chromosomes,
c-metaphase, irregular metaphase, irregular anaphase, multipolar anaphase, chromosomal bridge and vagrant
chromosomes. The study shows beyond doubt that all the tested dilutions of Profen Super caused root growth
retardation and were cytogenotoxic.
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1. INTRODUCTION:

In modern agriculture, pesticides are used the world over to save crop plants from pathogens and pests. The
term pesticides encompasses a wide variety of chemicals that are used as insecticides, fungicides, herbicides,
rodenticides, molluscicides, and nematicides [1]. Of these, the most commonly used pesticides are insecticides. To
destroy the insects which damage the crop plants, insecticides are generally sprayed on the leaves and other above
ground parts of plants. Pesticide use is also common for post-harvest preservation of grain without infestation by pests
[2,3]. Though beneficial, pesticides are known to persist in the soil and water, and on fruits and vegetables [4-6]. As a
consequence, the chemicals which are utilized to increase the yield of plants get released into the environment. These
are harmful not only to humans but also other non-target organisms which is a cause for great concern. The main
chemical groups of insecticides are organochlorine, organophosphate, carbamate, pyrethroid, and neonicotinoids [7].

Pesticides are known to be hazardous as they result in several health issues including respiratory disorders and
damage to the nervous system [8,9]. Moreover, many pesticides are carcinogenic/ mutagenic [5, 10-12](IARC, 1991,
Yu, 2005; Bull et al., 2006; Ferreti et al. 2007). Prenatal exposure to pesticides too may be carcinogenic and even lead
to birth defects [5](Ferreti et al. 2007). In the present investigation, the Allium cepa assay was used to study the effect
of Profen Super, an easily available insecticide. Profen Super, a synthetic broad spectrum insecticide which is chemically
an organophosphate, is often used to control bollworm complex pest of cotton though it can also be sprayed on fruits,
vegetables and garden plants. It consists of 40% Profenofos and 4% Cypermethrin. Profen Super acts by inhibiting the
enzyme acetylcholinesterase and feeding on a treated plant or contact with a treated leaf leads to insect paralysis
followed by death [13]. In India, farmers are advised to spray the insecticide cypermethrin + profenofos 44 EC on
mustard plants to save them from aphids [14]. Although there are several animal models which have been used to
evaluate the genotoxicity of pesticides, ethical concerns about the use of animals have necessitated the use of alternatives
to mammals in toxicology studies [15]. The A. cepa assay was developed by Levan (1938)[16]. It is an inexpensive,
rapid and sensitive test and its results are comparable to those obtained in assays based on other eukaryotic systems [17-
20]. The toxic effects of chemical compounds such as depression of mitosis and induction of chromosomal aberrations
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in the cells of A. cepa root apical meristem can be reliably monitored by this assay [21-27]. Chemicals which induce
chromosome aberrations in plant assays are likely to do so in other organisms as well [28,29]. The cytogenotoxicity of
many pesticides/ insecticides including deltamethrin [30], ethion [31], imidacloprid [32,33], malathion [34], methiocarb
[35,36] and pyriproxyfen [37] has been demonstrated by the A. cepa assay. The aim of the present investigation was to
study the effect of Profen Super on root growth and division of root apical meristem cells of A. cepa. The parameters
employed were root length, mitotic index (MI) and chromosomal aberration frequency (CA) as indicators of growth
retardation, cytotoxicity and genotoxicity, respectively.

2. MATERIALS AND METHODS:
2.1 Preparation of solutions of Profen Super:

A 35mL/16L water stock solution of Profen Super E.C. (Emulsifiable Concentrate) was prepared with distilled
water in accordance with product specification by manufacturer [38]. 1:1, 1:2, 1:4 and 1:8 dilutions of stock solution
were prepared with distilled water volume/ volume, respectively.

2.2 Experimental setup:

Medium sized healthy bulbs of Allium cepa L. were obtained from the local vegetable market and their older
roots and basal tissue plate were removed with a blade to expose root primordia. To set up three replicates of the
experiment, three sets of 100 mL beakers were filled with different dilutions of the insecticide solution. A. cepa bulbs
were allowed to undergo rooting in the insecticide solution by placing them with their bases in contact with the solution.
Trays containing the beakers were kept in a plant growth chamber maintained at 26°C, 60% RH and alternating periods
of 16h light and 8h darkness. The solution was topped up in the beakers daily to make up for evaporation. For
experimental control, the bulbs were placed on beakers containing distilled water. Roots were randomly selected and
excised from each bulb on the sixth day, and the lengths of 10 roots from each bulb were measured. The roots were then
fixed for 24h in acetic alcohol (45% acetic acid: ethanol, 1:3) fixative. The fixed roots were transferred into screw cap
vials containing 70% ethanol and stored in the refrigerator for further study.

1.3 Cytogenetic studies:

Root tips were treated with a solution containing 1N HCI: 45% acetic acid (3:1) to soften the tissue. Temporary
squash preparations of root tips stained either with 2% acetocarmine or 2% acetoorcein were then prepared on
microslides. The slides were observed under 400X magnification of the microscope. Ten optical fields were randomly
chosen for each treatment to score MI and CA. The equations used to calculate M1 and CA (Verdes-Teodor et al. 2019)
are given below:

_ number of dividing cells

MI

total number of cells

_ number of cells with chromosomal aberrations

CA

number of dividing cells

1.4, Statistical Analysis:

To compare the means for Ml and CA values, One-way analysis of variance (ANOVA) and Tukey’s post hoc
multiple comparison tests were performed at significance level p < 0.05. IBM SPSS Statistics-21 software was used for
statistical analysis and MS Excel software for plotting the graphs.

3. RESULTS:

Length of root, mitotic index and chromosomal aberration frequency in A. cepa were the bioindicators for
studying root growth inhibition, cytotoxicity and genotoxicity, respectively, triggered by Profen Super in this
investigation. As a consequence of treatment with the insecticide, a decrease in root length was observed with increase
in concentration of the insecticide (Table 1, Fig. 1).

Table 1. Effect of different dilutions of Profen Super on average root length, and mitotic index and
chromosomal frequency of root meristem cells of A. cepa.

Dilution of Profen Super | Average root length (cm) | Mean MI = SE Mean CA=SE
0 (Control) 8.210 0.0434 + 0.00589 0.00000
1:8 3.645 0.0228 +0.00399* | 0.500 + 0.06237°
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1:4 2.125 0.0194 £ 0.00490* | 0.406 +0.06772 °
1:2 1.500 0.0206 £ 0.00508° | 0.590 + 0.04583°
1:1 1.605 0.0196 + 0.00304* | 0.898 +0.04271°

&b \alues are significantly different from control at p < 0.05
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Figure 1 Retardation of root length of A. cepa caused by different dilutions of Profen Super.
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Figure 2. Cytotoxic effect of different dilutions of Profex Super on MI of root meristem cells of A. cepa.
Standard error of the means is represented by error bars.

Table 1 shows the mean MI + Standard Error (SE) recorded for root tip cells of A. cepa. The mean MI value for
untreated control was 0.043. In comparison to control, the mean Ml values for 1:8, 1:4, 1:2 and 1:1 dilutions of Profen
Super were 0.0228, 0.0194, 0.0206 and 0.0196, respectively (Table 1). Thus, the mean Ml for all the dilutions of Profen
Super was found to be much lower than control. The difference between mean Ml values for control and all dilutions of
the insecticide was significant at P< 0.05 (Fig. 2). However, the difference between means was not significant for
different dilutions of Profen Super. Completely normal mitotic division stages were observed in the meristematic cells
of untreated roots (Fig. 3). But treatment with Profex Super resulted in several types of chromosomal aberrations in the
meristematic cells which indicated its genotoxicity. The mean CA values for 1:8, 1:4, 1:2 and 1:1 dilutions of Profen
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Super were 0.500, 0.406, 0.590 and 0.898, respectively, while the value for control was zero. All values were significant
at P< 0.05 (Fig. 4).

Figure 3. Photographs of normal mitotic stages in the meristematic cells of control roots of A. cepa. A.
Prophase, B. Metaphase, C. Anaphase and D. Telophase (images at 400X).
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Figure 4. Genotoxic effect of different dilutions of Profen Super on CA of root meristem cells of A. cepa.
Standard error of the means is denoted by error bars.

An outline of the various chromosomal aberrations seen in response to treatment with different dilutions of
Profen Super is given in Table 2. These included disturbed prophase, irregular metaphase, c-metaphase, stickiness of
chromosomes, clumping of chromosomes, multipolar anaphase, irregular anaphase, chromosomal bridge and vagrant
chromosomes (Fig. 5). The 1:8 dilution of Profen Super produced disturbed prophase, c-metaphase, and irregular
metaphase and anaphase. The chromosomal aberrations common to all treatments were c-metaphase and vagrant
chromosomes. Sticky chromosomes and chromosomal bridge were observed after treatment with all dilutions except
1:1. In addition to these abnormalities, 1:4 dilution also resulted in multipolar anaphase. Another noteworthy observation
was that majority of the cells showed c-metaphase after treatment with 1:4 dilution of the insecticide.

Table 2. Summary of types of chromosomal aberrations recorded in root meristem cells of A. cepa following
treatment with different dilutions of Profen Super.

S. No. Dilution of Chromosomal aberrations
Profen Super
1. 0 (Control) None
2. 1:8 Sticky chromosomes, c- metaphase, irregular metaphase, irregular anaphase,
vagrant chromosomes, chromosomal bridge
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3. 1:4 Sticky chromosomes, c- metaphase, vagrant chromosomes, asymmetrical
anaphase, multipolar anaphase, chromosomal bridge. Majority of the cells showed
c- metaphase

4. 1:2 Sticky chromosomes, chromosome clumping, c- metaphase, irregular metaphase,
irregular anaphase, vagrant chromosomes, chromosomal bridge
5. 1:1 Disturbed prophase, c- metaphase, irregular metaphase, irregular anaphase,

vagrant chromosomes

Figure 5 Photographs of meristematic cells of A. cepa roots showing different types of chromosomal aberrations
induced by treatment with different dilutions of Profex Super. A. disturbed prophase, 1:1; B irregular
metaphase, 1:2; C. irregular anaphase, 1:2; D. sticky chromosomes, 1:2; E. clumping of chromosomes, 1:2; F. c-
metaphase,1:4; G. vagrant chromosomes, 1:4; H and I. vagrant chromosomes and chromosomal bridge at
anaphase, 1:4 and 1:2, respectively; J. multipolar anaphase with vagrant chromosomes, 1:4; K. asymmetrical
anaphase with vagrant chromosomes, 1:4; and vagrant chromosomes at late telophase, 1:8 (images at 400X).
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4. DISCUSSION:

In the present investigation, root length, M1 and CA were used as bioindicators of toxicity of the insecticide
Profen Super. One pointer to the toxic nature of this insecticide is the retardation of root growth by all tested dilutions
of the insecticide suggesting that it has an inhibitory effect on cells of elongation zone of roots of A. cepa. Inhibition of
root growth may be attributed to defects in the activity of apical meristem, and delayed cell elongation during
differentiation accompanied by loss of cell wall [39]. Reduction of MI and incidence of chromosomal aberrations in
meristematic cells have been regarded as measures of cytotoxicity and genotoxicity, respectively, of pesticides in many
earlier studies [3,30- 35, 37, 39-46]. Lowering of MI could be the result of disturbed cell cycle due to blockage of cells
in G1 or G2 stage, or DNA synthesis repression during S phase [47,48]. Another reason for lowered MI could be arrest
of cell cycle at metaphase brought about by c-metaphases which block nuclear division resulting in less development of
meristematic tissue [49]. Stickiness of chromosomes, c-metaphase, irregular metaphase and anaphase, multipolar
anaphase, chromosomal bridge and vagrant chromosomes are the chromosomal aberrations observed in the root
meristematic cells in this study. Stickiness of chromosomes might be due to improper condensation of chromatin fibres
causing them to get entangled [50,51]. The chromosomal abnormalities such as c-metaphase, asymmetrical anaphase
and multipolar anaphase, indicate disturbance of spindle formation/function [30,41]. Multipolar anaphase could also be
the outcome of formation of multipolar spindle which can cause aneuploidy followed by cell death [52]. Disruption of
microtubules by the insecticide could lead to spindle fibre dysfunction which would result in irregular anaphase and
lack of proper segregation of chromosomes to the poles [53]. Unequal distribution or non-disjunction of chromosomes
can cause some chromosomes to move to the pole of the cell ahead of the other chromosomes during anaphase as vagrant
chromosomes [54]. Chromosomal bridges observed during anaphase are likely to be the manifestation of chromosome
breakage and fusion which lead to multicentric chromosomes being formed [41,55].

5. CONCLUSION:

Profen Super is a broad spectrum insecticide used on crop plants, especially cotton, to save them from insect
attack. All dilutions of the insecticide tested in this study led to significant lowering of mitotic index and induced various
types of chromosomal aberrations. The results indicate that Profen Super is not only cytogenotoxic to the meristematic
cells of A. cepa roots but also inhibits the growth of the cells of the elongation zone. This study clearly points to this
insecticide being hazardous.
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