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Chlorophenols are compounds used as intermediaries in manufacturing agricultural pesticides. Despite 
the efficiency on their targets, they are considered as environmental pollutant substances. This study 
assessed two chlorophenol substances, 2-chlorophenol and 2,4-dichlorophenol (2-CP, 2,4-DCP) for 
their cytogenetic, genotoxic, and nucleic acid content affects using Allium cepa and Vicia faba assay. 
In A cepa, 2-CP low dosages (0.625%) increased the mitotic index (MI), while high dosages (1.25 and 
2.5%) decreased it; the high dosage (2.5%) increased the chromosomal aberration frequency (CAF). 
Treatment with 2,4-DCP showed that 2.6% was the most affected treatment, it decreased MI and 
increased CAF. In V. faba, both 2-CP and 2,4-DCP decreased MI and increased CAF. Types of 
chromosome anomalies scored after treatment with different concentrations were chromosome 
stickiness, disturbance, lagging chromosomes, anaphase and telophase bridge, and micronuclei. The 
contents of DNA and RNA in A. cepa were increased by 2-CP and 2,4-DCP, and decreased by the half 
dosage of 2-CP (1.25%); the RNA content varied directly proportional to DNA, while in V. faba, all tested 
concentrations of chlorophenols increased nucleic acids contents, and 1.3% was significantly affected.  
The results showed that the two substances have cytogenetic, genotoxic impact, and also have 
influence on the nucleic acid contents in both plants. 
   
Key words: Cytogenetic, genotoxic, chlorophenols, Allium cepa, Vicia faba. 

 
 
INTRODUCTION 
 
Chlorophenols act as intermediaries in manufacturing 
agricultural chemicals, biocides, and dyes

 
(Igbinosa et al., 

2013). Although agricultural chemicals significantly affect 
disease control, they can also cause considerable 
environmental and health difficulties from production 
through    disposal.     Chlorophenols     are     considered 

environmental pollutants due to chemical and 
pharmaceutical industrial activities (Jensen, 1996; 
Czaplicka, 2004; Michalowicz and Duda, 2007; Igbinosa 
et al., 2013; Adeola, 2018). They enter the environment 
through various sources, such as industrial waste, 
pesticides,   or     by    degrading    complex    chlorinated 
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hydrocarbons (Igbinosa et al., 2013). In Finland, people’s 
exposure to contaminated drinking water with 
chlorophenols caused digestive tract infection, asthma, 
depression, and morbidity (Lampi et al., 2000). Chen et 
al. (2004) proposed that chlorophenols have cytotoxic 
and cell death mechanisms. Atuanya and Onuoha (2018) 
suggested continues monitoring of agricultural farmlands 
for the continuous exposure to pesticides that led to food 
contamination. Treatment with different chlorophenols 
caused various problems in cells, such as disturbance in 
the cell cycle, chromosome aberrations, and genetic 
material damage in other tested living systems. 
Researchers have documented these cases. Küҫük and 
Liman (2018) found that treatment with different 
concentrations of 2-chlorophenol (2-CP) slightly 
decreased mitotic index (MI) and several types of 
chromosomal aberrations, such as disturbance, 
chromosome laggards, stickiness, and bridges on Allium 
cepa root tip cells. 

Küҫük and Liman (2018) discussed the effects of 
chlorophenols on genetic material and found that they 
could oxidize DNA bases in human lymphocytes and that 
pyrimidine bases were more strongly oxidized compared 
to purine ones. Also, the effects are not only confined to 
the parent material, but also to the transformation 
products. Benfeito et al. (2014) found that chlorophenoxy 
herbicide transformation products had inhibitory activity 
on DNA compared with the parent herbicides. Küҫük and 
Liman (2018) concluded that 2-CP affected DNA at 
significant levels. Several studies have shown that 
chlorophenols affect DNA (Dimitroy and Gadeva, 2006; 
Tingting et al., 2017). 

The most significant commercial chlorophenols are 2,4-
DCP (Czaplcka, 2004), pentachlorophenol (PCP) 
(Michalowicz and Duba, 2007), 2,4,5-trichlorophenol 
(2,4,5-TCP) (Jensen, 1996), 2-CP (Balcke et al., 2008), 
and 4-CP (Abhilash and Singh, 2008).  

2-CP is a chlorinated organic class used as an 
intermediate for synthesizing higher chlorinated 
congeners, certain dyes, herbicides, fungicides, and 
plastics (Küҫük and Liman, 2018).  Previous studies have 
confirmed the harmful effect of 2-CP. Dimitris et al. 
(2016) tested the impact of 2-CP on bacteria, fish, and 
human cells. They found that treatments can induce 
dose-dependent toxic and genotoxic effects.  

2,4-DCP is a colorless crystalline solid, a chlorinated 
phenol derivative used as an intermediate for herbicide 
preparation of 2,4-dichlorophenoxyacetic acid. Previous 
studies of 2,4-DCP and its derivatives have revealed that 
while killing harmful organisms, it will upset the 
ecosystem and produce undesirable changes in higher 
organisms (Ajay and Sarbhoy, 1988); its destructive and 
toxic substance can be referred for their easy skin and 
epithelium penetration, thereby causing damage and 
necrosis (Michalowicz and Duda, 2007).   

Higher plant assays are used in monitoring and 
detecting  cytogenetic  and  mutagenic  effects  and  have 
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been recognized as excellent genetic models. The A. 
cepa assay is an efficient test for chemical screening for 
genotoxicity of environmental contaminants and has been 
widely used in studying genotoxicity of many pesticides, 
revealing that these compounds can induce 
chromosomal aberrations in root meristems of A. 
cepa (Ma et al., 1994; Fernandes et al., 2007). 

Vicia faba bioassay has been used to study DNA 
damage and chromosomal and nuclear aberrations. The 
main benefits of using V. faba are accessibility during the 
year, easy to grow and handle, cell division frequency is 
fast, easy chromosomes scoring, less expensive, and 
more sensitive (Iqbal, 2016). 

This study assesses 2-CP and 2,4-DPC effects on MI 
and CAF, and their impact on nucleic acid content 
using A. cepa and V. faba assay. 
 
 

MATERIALS AND METHODS 
 

Sample preparation 
 

(1) A. cepa bulbs were obtained from the local markets. Bulbs of A. 
cepa outer loose crusts and old roots were disposed, the running 
water with the help of a brush was used to remove the remaining 
sands particles to expose the root tips for different treatments. 
(2) V. faba seeds were obtained from the local market. They were 
sterilized using sodium hypochlorite for 5 min, then presoaked for 
24 h in distilled water. 
 
 

Tested materials 
 
(1) 2-CP of three different concentrations was prepared (0.625, 
1.25, and 2.5%), and distilled water was used to prepare the 
solutions. 
(2) 2,4-DCP of three different concentrations was also prepared 
(0.65, 1.3, and 2.6%), and distilled water was used to prepare the 
solutions.  
 
 

Sample treatments 
 
(1) A. cepa bulbs’ root zone of the onion bulb was submerged in a 
cup filled with distilled water until the roots reached 2 to 3 cm long; 
then, they were transferred to different concentrations of each 
substance, freshly prepared for different periods (8, 16, and 24 h).  
(2) The soaked seeds of V. faba were germinated in distilled water 
until the secondary roots reached 1 to 2 cm and were transferred to 
different tested concentrations of each substance, freshly prepared 
for different periods (8, 16, and 24 h).  
The treated root tips of A. cepa and V. faba were cut and fixed in 
freshly prepared 3:1 (v/v) alcohol: glacial acetic acid for 24 h. For 
cytological preparations, the treated root tips were hydrolyzed in 1 
N HCL 60°C for 7 min and were washed with distilled water and 
stained with 1% acetocarmine; five temporary slides were prepared 
using the squash technique, and two root tips on each slide were 
examined for the tested material effects on MI. The same slides 
were analyzed for the types and frequencies of chromosomal 
abnormalities. 
 
 

Nucleic acids (DNA, RNA) isolation and measurement  
 

Genetic material isolation was applied following  the  instructions  of  
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Hi Pura TM (Plant DNA isolation (CTAB Method) kit). The 
concentrations of isolated nucleic acids were measured by IMPLEN 
Nano Photometer® instruments, version NPOS 3.1c build13220. 
 
 
Slides scoring and data analysis 
 
Studying the slides: Slides were viewed under a light microscope 
(Phenix P H 50 DB047VU) using 40X objective lens immersion.  
 
Mitotic index (MI): On one slide for each treatment, a total of 2000 
cells were scored. The MI was expressed as the number of dividing 
cells per total cells scored. 
 
Cytotoxicity: The MI of the treated cells for each dose of each 
material was compared with that of the negative control. 
 
Genotoxicity test: Chromosomal aberrations per dose of each 
material were examined; the most representative ones for each 
structural abnormality were photographed using (Phenix micro-
Image Analyzer Software 2008 En V2).  
 
 
Statistical analysis  
 
The percentages of MI and CAF of each tested dose were 
compared with those of the negative control using the SPSS 16.0 
for Windows statistical package. A two-way analysis of variance 
(ANOVA) was used to determine the significance of the difference 
at P ≤ 0.05. 
 
 

RESULTS 
 

MI and CAF 
 

Tables 1 and 2 show 2-CP and 2,4-DCP effects on the MI 
in meristem cells of A. cepa and V. faba root tips. 

Table 1 and Figure 1 show that 2-CP tested 
concentrations affected the MI of A. cepa root tip cells 
compared with the control. Treatment with 0.625 and 
2.5% for 8 h increased the MI, and it was insignificant at 
p > 0.05, while other treatments decreased it; treatment 
with 2.5% for 16 h was significant at p < 0.05.  

2,4-DCP also affected the MI in Figure 2 and treatment 
with 0.65 and 2.6% decreased the MI after 8-h exposure, 
and it was significant at p < 0.05, while treatment with 
1.3% increased it and was insignificant at p > 0.05; also, 
treatment with 0.65 and 2.6% for 16 h decreased the MI 
of A. cepa root tip cells, and it was significant at p < 0.05.  

Table 2 and Figure 3 show the 2-CP effect on the MI on 
root tip cells of V. faba, different tested concentrations for 
different periods decreased the MI compared with the 
control; treatment with 0.625% increased the MI after 16 
h exposure, and it was insignificant at p > 0.5, while 
treatment with 1.25% for 16 h and 2.5% for 24 h 
decreased the MI significantly at p < 0.05.  

Figure 4 shows that the treatment with 0.65% of 2,4-
DCP for 16 and 24 h increased the MI with 9.8 and 9, 
respectively, compared with the control (7, 8), and it was 
insignificant at p > 0.5; also, treatment with 1.3% for 8 
and 16 h increased the MI with 10 and 8.3, respectively, 
compared with the control (8.5, 7), and it was insignificant  

 
 
 
 
at p > 0.5; treatment with higher concentration of 2.6% of 
2,4-DCP for 16 h increased the MI insignificantly at p > 
0.5. It decreased the MI with 4.6 compared with the 
control eight after 24 h, and it was significant at p < 0.5. 

The tested materials affected the CAF compared with 
the control. Table 1 and Figure 5 show that treatment 
with different concentrations of 2-CP increased the CAF 
with 2.5% after 8 h, and 1.25 and 2.5% after 24 h, while 
with 0.625 and 2.5% after 16-h exposure, and they were 
insignificant at p > 0.05. 

Figure 6 shows the effect of treatment with 2,4-DCP for 
different periods. It increased the CAF compared with the 
control in A. cepa root tip cells, and treatment with 0.65% 
for 24 h and  
treatment with 2.5% for 16 h were significant at p< 0.05.  

In V. faba, Table 2 and Figure 7 show that CAF 
increased after treatment with different concentrations for 
different periods compared with the control, treatment 
with 0.625% increased the CAF, also 0.13% after 8-h 
exposure and was significant at p < 0.05; treatment with 
1.25% for 16 and 24 h increased the CAF with 0.1 each, 
and it was significant at P < 0.05.  

Figure 8 shows that treatment with different 
concentrations of 2,4-DCP affected the CAF. All the 
tested concentrations increased the CAF, and it was 
significant at p < 0.05 compared with the control. 

Tables 3 and 4 and Figures 9 and 10 show the types of 
scored chromosome anomalies, which were stickiness, 
C-metaphase, disturbance, anaphase bridge, 
micronuclei, lagging chromosome, disturbed polar, and 
bi-nucleic. 
 
 
Nucleic acid content 
 

Table 5 and Figures 11 and 12 show 2-CP and 2,4-DCP 
effects on A. cepa DNA and RNA contents after 
treatment for 24 h. Treatments with 0.625 and 2.5% of 2-
CP increased the DNA content (83.72, 58.64 ng/µl), 
respectively, compared with the control (55.5 ng/µl), and 
it was significant at p < 0.05, while treatment with 1.25% 
decreased the DNA content (32.92 ng/µl), and it was 
significant at p < 0.05. Also, treatment with 0.625 and 
2.5% increased the RNA content (18.2, 14.7 ng/µl), 
respectively, compared with the control 10.1 ng/µl, while 
treatment with 1.5% decreased the RNA content to 7.1 
ng/µl, and these effects were significant at p < 0.05. 

2,4-DCP concentrations increased the DNA content 
after treatment for 24 h (72.44, 61.96, and 56.44 ng/µl), 
respectively, compared with the control 55.5 ng/µl, and 
the effect was significant at p < 0.05. Different treatments 
significantly affected the RNA content; it increased 
(29.05, 76.6, and 80.45 ng/µl) compared with the control 
10.1 ng/µl.  

Table 6 and Figures 13 and 14 show the effect of 
different treatments of 2-CP and 2,4-DCP on DNA and 
RNA contents of V. faba root tip cells. The 2-CP tested 
concentrations  increased the DNA content (6.625, 6, and  



Al-Ahmadi          431 
 
 
 

 

  
 

Figure 1. Effect of 2,chlorophenol on mitotic index of Allium cepa After 
treatment with different concentrations for different periods of time. 
Source: Author. 

 
 
 
Table 1. Effects of different concentrations of chlorophenols for different periods of time on Mitotic index and chromosomal aberrations of 
Allium cepa. 
 

Material 
Concentration
% 

Time of 
duration/h 

No. of total 
Cells 

No. of normal 
cells 

Mutant 
cells 

MI (%) CA 

D. water 

D- Water 8 2321 166 11 7 0.07 

D- Water 16 2034 244 13 12 0.05 

D- Water 24 2190 174 8 8 0.05 

        

2-chlorophenol 

0.625 8 2074 232 12 11.2 0.05 

0.625 16 2077 200 12 9.6 0.06 

0.625 24 2164 179 2 8.3 0.01 

1.25 8 2155 134 5 6.2 0.04 

1.25 16 2020 170 6 8.4 0.04 

1.25 24 2127 178 12 8.4 0.07 

2.5 8 2094 159 17 7.6 0.10 

2.5 16 2097 118 7 5.6 0.06 

2.5 24 2135 162 10 7.6 0.06 

        

2,4-dichlorophenol 

0.65 8 2152 118 8 5.5 0.07 

0.65 16 2246 119 9 5.3 0.08 

0.65 24 2219 184 31 8.3 0.10 

1.3 8 2237 177 9 8 0.05 

1.3 16 2567 159 14 6.2 0.09 

1.3 24 2661 238 22 8.9 0.09 

2.6 8 2045 111 10 5.4 0.09 

2.6 16 2350 132 15 5.6 0.11 

2.6 24 2686 172 14 6.4 0.08 
 

Source: Author 
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Figure 2. Effect of 2-4,Dichlorophenol on mitotic index of Allium cepa after 
treatment with different concentrations for different periods of time. 
Source: Author. 

 
 
 
Table 2. Effects of different concentrations of chlorophenols for different periods of time on mitotic index and chromosomal aberrations of 
Vicia faba. 
 

Material Concentration (%) 
Time of 

duration/h 
No. of total 

Cells 
No. of normal 

cells 
Mutant cells MI (%) CA 

D-water 

D-Water 8 2145 183 9 8.5 0.05 

D-Water 16 218 155 2 7 0.01 

D-Water 24 2008 153 5 8 0.03 

        

2-chlorophenol 

0.625 8 2257 163 21 7 0.13 

0.625 16 2257 176 16 7.8 0.09 

0.625 24 2103 157 12 7.5 0.08 

1.25 8 2191 181 9 8 0.05 

1.25 16 2031 128 17 6.3 0.10 

1.25 24 2144 99 10 4.6 0.10 

2.5 8 2069 117 2 6 0.02 

2.5 16 2083 118 8 5.7 0.07 

2.5 24 2103 85 8 4 0.09 

        

2,4-dichlorophenol 

0.65 8 2183 123 24 5.6 0.20 

0.65 16 2206 224 17 9.8 0.08 

0.65 24 2050 186 17 9 0.10 

1.3 8 2052 205 31 10 0.20 

1.3 16 2235 186 28 8.3 0.20 

1.3 24 2022 139 13 7 0.10 

2.6 8 2048 109 15 5 0.10 

2.6 16 2071 164 25 7.9 0.15 

2.6 24 2133 98 21 4.6 0.20 
 

Source: Author 
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Figure 3. The effect of different concentrations of 2-chlorophenol for different 
periods of time on mitotic index of Vicia faba root tip cells. 

Source: Author. 

 
 
 

 

  
 

Figure 4. Effect of different concentrations of 2,4-dichlorophenol for different periods of 
time on Mitotic index of Vicia faba root tip cells. 
Source: Author. 
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Figure 5. The effect of different concentrations of 2,chlorophenol for  different  
periods  of  time  on  chromosomal  aberrations frequency of Allium cepa. 
Source: Author. 

 
 
 

 

  
 

Figure 6. Effect of different concentrations of 2-4,dichlorophenol for different periods 
of time on chromosomal aberrations frequency of Allium cepa. 
Source: Author. 



Al-Ahmadi          435 
 
 
 

 

  
 

Figure 7. Effect of different concentrations of 2-chlorophenol for different periods 
of time on chromosomal aberration frequency on root tip cells of Vicia faba. 
Source: Author. 

 
 
 

 
 

Figure 8. The effect of different concentrations of 2-4, Dichlorophenol for 
different periods of time on chromosomal aberration frequency of Vicia faba. 
Source: Author. 
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Table 3. Types of chromosomal aberrations after treatment with different concentrations of 2, chlorophenol and 2-4, dichlorophenol for different periods of time on cells of root tip of 
Allium cepa. 
 

Tested materials Control 
 2-chlorophenol  2,4-dichlorophenol 

 0.625 1.25 2.5  0.65 1.3 2.6 

Type of CA Cell phases 8 16 24  8 16 24 8 16 24 8 16 24  8 16 24 8 16 24 8 16 24 

Sticky 

Metaphase 

0.02 
 

0.011  
 

0.02 
  

0.02 0.04 0.009 
 

0.02  0.03 0.03 0.12 0.01 0.03 0.01 0.04 0.05 0.04 

Disturb 0.04 0.006 
 

 0.02 0.02 0.005 
  

0.02 0.009 0.008 0.006  
 

0.008 0.02 0.006 0.006 0.04 0.08 0.02 0.01 

Lagging 
   

 
        

0.006  
         

c-metaphase 
   

 0.004 
  

0.007 
     

 
   

0.006 
 

0.007 0.02 
  

Fragment 
   

 
         

 
     

0.007 
   

s- metaphase 

   

 
         

 
    

0.006 
    

  

   

                    

Sticky 

Anaphase 

   
 

         
 

     
0.02 

   
Disturb 0.006 

  
 0.004 

  
0.007 

   
0.02 

 
 0.008 

  
0.006 

 
0.004 

 
0.008 

 
C. anaphase 

   
 

         
 

 
0.008 

       
Lagging 

   
 

       
0.02 

 
 

 
0.02 

       
Bridge 0.006 

 
0.03  0.02 0.04 0.005 

 
0.02 0.03 

 
0.02 0.03  0.02 0.008 0.02 0.02 0.04 0.004 

 
0.04 0.02 

                         

Sticky 

Telophase 

   
 

   
0.02 

     
 

         
Bridge 

 
0.006 

 
 

 
0.005 

       
 

     
0.01 

   
Chromatin bridge 

   
 

         
 0.008 

        
dis polar 

   
 

         
 

        
0.006 

                         

bi-nucleus 
    

 
         

 
  

0.005 
  

0.004 
   

Micronuclei 
    

 
         

 
    

0.006 
   

0.006 

CA 
 

0.07 0.01 0.05  0.05 0.06 0.01 0.04 0.04 0.07 0.02 0.06 0.06  0.07 0.08 0.2 0.05 0.09 0.09 0.14 0.11 0.08 
 

Source: Author 
 
 
 
4.76 ng/µl), respectively, and they were significant 
at p < 0.05; also, treatment with 2,4-DCP 
increased the DNA content (5.95, 22.15, 9.8 ng/µl) 
compared with the control 2 ng/µl, and it was 
significant at p < 0.05.  

RNA contents were decreased by the tested 
concentrations of 2-CP after 24-h exposure 
(21.88, 24.88, and 21,84 ng/µl), respectively, 
compared with the control 25 ng/µl. Treatment 
with 0.65% and 2,4-DCP reduced RNA content 
(16.68 and 17.6 ng/µl), respectively, while 
treatment with 1.3%  increased  the  RNA  content 

(28.6 ng/µl) compared with the control 10.1 ng/µl, 
and this effect was significant at p < 0.05. 
 
 
DISCUSSION 
 
Mitotic Index (MI) and Chromosomal 
Aberration Frequency (CAF)  
 
The mitotic index, MI (percentage of cells in 
mitosis at any time) offers a measure of the 
capacity of cells to divide and of  the  rate  of cell 

division (Campbell, 1983). The result showed 
that treatment with different concentrations of 2-
CP and 2,4-DCP for different periods decreased 
the  MI and increased the CAF compared with 
the control. This decrease in MI may be due to 
the MI depressive action of the tested materials 
interfering in the regular cell cycle (Chandra et 
al., 2002; İNCEER et al., 2003; Sharma and Vig, 
2012; Liman et al., 2015; Hoseiny-Rad and 
Aivazi, 2020). Hidalgo et al. (1985) suggested 
that DNA polymerase and other enzymes are 
among  the  tested  material  targets that induced 
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Table 4. Type of chromosomal aberration after treatment with different concentrations of 2-chlorophenol and 2,4-dichlorophenol for different period of time on cells of root tip of 
Vicia faba. 
 

Tested materials Control 
 2-chlorophenol  2-4, dichlorophenol 

 0.625 1.25 2.5  0.65 1.3 2.6 

Type of CA Cell phases 8 16 24  8 16 24 8 16 24 8 16 24  8 16 24 8 16 24 8 16 24 

Stiky 

Metaphase 

0.02 
  

 0.02 0.02 0.06 0.02 0.02 0.03 0.06 0.008 0.001  0.04 0.02 0.01 0.005 0.04 0.02 0.03 0.01 0.01 

Distirb 0.02 0.006 0.01  0.03 0.05 0.01 0.01 0.07 0.05 0.03 0.02 0.02  0.07 0.03 0.05 0.04 0.03 0.07 0.07 0.09 0.1 

Lagging 
   

 
   

0.006 
     

 
   

0.03 
     

c-metaphase 
   

 0.02 
     

0.03 0.008 0.02  0.03 
   

0.01 0.04 
 

0.006 0.04 

s- metaphase 

   

 
  

0.006 
   

0.01 
  

 
     

0.02 
  

0.01 

  

   

                    

Stiky 

anaphase 

0.005 
  

 
   

0.006 
  

0.01 0.008 
 

 
 

0.004 
       

Distirb 
  

0.01  0.03 
   

0.008 
 

0.06 0.03 
 

 0.02 0.004 0.005 
 

0.005 0.02 
  

0.01 

Lagging 
   

 
 

0.006 
  

0.008 
 

0.01 
  

 0.008 
 

0.005 
 

0.005 
    

Bridg 0.005 
 

0.01  0.02 0.01 
 

0.006 0.008 0.01 
 

0.008 0.02  0.02 0.02 0.02 0.005 0.03 0.02 0.02 0.01 
 

                         

Sticky 

telophase 

   
 

      
0.01 

  
 

         
Distirb 

   
 

      
0.01 

  
 

         
Lagging 

   
 

      
0.03 

  
 

    
0.005 

  
0.006 

 
Bridge 

 
0.006 

 
 

    
0.008 

    
 

   
0.02 

   
0.01 

 
Fragment 

   
 

         
 

      
0.009 

  
                         

bi-nucleus 
    

 0.006 
  

0.006 0.02 0.01 
   

 
      

0.02 0.01 0.04 

Micronucli 
    

 
        

0.01  
      

0.009 
  

CA 
 

0.05 0.01 0.03  0.13 0.09 0.08 0.05 0.1 0.1 0.3 0.07 0.09  0.2 0.08 0.1 0.2 0.2 0.2 0.15 0.2 0.2 
 

Source: Author 

 
 
 
antimitotic effects. Lehnen et al. (1990) found 
that MI decrease is attributed to the inhibition of 
DNA synthesis and formation of irregular and 
disorganized phragmoplasts. Öcal and Eroğlu 
(2012) suggested that the MI decrease may be 
due to the possible cellular death or delay in cell 
proliferation. Also, Hansch et al. (2000) 
concluded that phenol toxicity is related to free 
radical formation. A similar result was found by 
Dimitris et al. 2016, Kumar et al. (2010), Lone et 
al. (2013), and Kumar and Srivastava (2015).  

Chromosomal aberration assay for cytological 

aberrations is a useful and sensitive test for 
detecting genotoxins (Sheila, 2000). 

The results revealed that treatment with 2-CP 
and 2,4-DCP caused several types of 
chromosomal aberrations, and the most noticed 
chromosome abnormalities that appeared after 
treatment with 2-CP were stickiness, disturbed, 
and anaphase bridge; other types of 
abnormalities but in low percentage were 
lagging chromosomes, fragment, C- metaphase, 
S-anaphase, bi-nucleus, micronuclei, and 
irregular    poles.    2,4-DCP   strongly   affected 

spindle function, causing the appearance of 
disturbance, C-metaphase, S-anaphase, and 
laggards. This effect was caused by binding to a 
protein subjected to spindle microtubule 
(Brinkley et al., 1985; Pavlica et al., 1991). 
Chromosome stickiness can be due to the effect 
of the chromosomal proteins or disturbances in 
the functioning of specific non-histone proteins 
essential for chromatid separation and 
segregation (Gaulden, 1987); also, chromosome 
stickiness may occur because of chromosomal 
protein,   which   is   attributed   to  the  irregular  
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Figure 9. Types of chromosomal anomalies after treatment with different concentrations of tested subsentence for 
different periods of time in root tip cells of Allium cepa. 
Source: Author 

 
 
 

folding of chromosome fibers or the action on the 
polymerization process (El-Ghamery et al., 2000). 
Mahakhode and Somkuwar (2013) suggested that it 
may occur due to the sudden contraction of some 
spindle fibers. Kumar and Srivasatava (2015) reported 
that scattering (disturbance) and spindle dysfunction 
were attributed to the loss of the spindle fibers, 
microtubules.  

C-mitosis during metaphase and anaphase were also 
scored, and this type of abnormality can be due to the 
effect of the tested material on spindle fibers. Morejohn 
and Fosket (1986) proposed that C-mitosis appears 
because of mitosis blocking at metaphase and 
depolymerizes spindle microtubules; a similar result 
was found by Dimitrov and Gadeva (2006). 

Chromosome fragments appeared because of 
chromosome breaks (chromatids). Kumar and Singh 
(2004) reported that  chromatids’  breakage  had  been 

linked to DNA synthesis, which is sensitive to many 
chemicals. Kumar et al. (2010) concluded a comparable 
result. 

The chromosome bridge was formed from the sticky 
behavior of chromosomes that cannot move toward 
pole regions at anaphase (Kumar and Rai, 2007), it 
may also be due to the chromosomal instability 
(Ganem et al., 2009); a similar result was found by 
Kumar and Srivastava (2015). Sinha (1989) suggested 
that chromosomebridge was attributed to the formation 
of dicentric chromosomes due to breakage and 
reunion.  

For micronuclei definition and scoring, the micronuclei 
criteria by Tolbert et al. (1991) were followed. The 
failure of the movement of lagging chromosomes 
increases micronuclei (Kumar and Dubey, 1998). 
Dichlorophenol is active in the G1 and S phases of the 
cell cycle (Arzt et al., 1989; Lone et al., 2013). 
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Figure 10: Types of chromosomal anomalies after treatment with different concentrations of 

tested subsentence for different periods of time in root tip cells of Vicia faba.  
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Figure 10. Types of chromosomal anomalies after treatment with different concentration of tested subsentence for different 
periods of time in root tip cells of Vicia faba. 
Source: Author 

 
 
 

Table 5. DNA and RNA Concentration of Allium cepa after treatment with different concentrations of 2, CP and 2-4, CP for 
24 h. 
 

Tested materials 2, CP  2-4, DCP 

Concentrations D. water 0.625 1.25  2.5 0.65 1.3 2.6 

DNA (ng/µl)   55.5 83.72 32.92  58.64 72.44 61.96 65.44 

RNA (ng/µl)   10.1 18.2 7.1  14.7 29.05 76.6 80.45 
 

Source: Author 
 
 
 

Table 6. DNA and RNA Concentration of Vicia faba after treatment with different concentrations of 2-CP and 2,4-CP for 24 
h. 
 

Tested Materials 2-CP  2,4-DCP 

Concentration D. water 0.625 1.25 2.5  0.65 1.3 2.6 

DNA. ng/µl   2 6.25 6 4.76  5.95 22.15 9.8 

RNA. ng/µl 25.56 21.88 24.88 21.84  16.68 28.6 17.6 
 

Source: Author 
 
 
 

Nucleic acid content 
 
The nucleic acid biosensor can be used to detect 
chemical species (Palchetti and Mascni, 2008). Treatment 
with different concentrations of 2-CP for 24 h affected the 
DNA content compared with the control. The lowest and 
highest  concentrations   of   2-CP   increased   the   DNA 

content of A. cepa, and the half concentration decreased 

it, while treatment with 2,4-DCP concentrations increased 
the content of DNA. RNA was also affected by DNA 
concentration; RNA content was directly proportional to 
DNA content. 

In V. faba treatments with different concentrations of 2- 
CP   and    2,4-DCP,   DNA    content     was    increased; 
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Figure 11. Effect of different concentrations of 2, CP and 2- 4,DCP on Allium cepa 
DNA content. 
Source: Author. 
 

 
 
 

 
 

Figure 12. Effect of different concentrations of 2,CP and 2-4,CP on Allium cepa RNA 
content.  
Source: Author. 
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Figure 13. Effect of different concentrations of 2,CP and 2- 4,DCP on Vicia 
faba DNA content. 
Source: Author. 

 
 
 

 
 

Figure 14. Effect of different concentrations of 2,CP and 2- 4,DCP on Vicia faba 
RNA content. 
Source: Author. 
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treatments with different concentrations of 2-CP 
decreased the RNA content compared with the control. 
While treatment with half concentration of 2,4-DCP 
increased it. 

The increased DNA content may be due to the low 
concentration dosage. El-Hadary and Gyuhwa (2013) 
suggested that herbicides in low doses act as growth 
regulators, while a decrease in DNA may be due to the 
effect of dosage on cells biochemical activities. Sharma 
et al. (2017) concluded that pesticides cause oxidative 
stress in plants by producing reactive oxygen species 
(ROS). Plants resist pesticide toxicity by activating the 
internal antioxidation defense system, which includes an 
antioxidative enzyme and non-enzymatic antioxidation. A 
similar result was found by Kuckl and iman (2018) when 
A. cepa was treated with 2-CP; it may also be due to the 
action of the tested concentrations, which was insufficient 
to counteract the oxidative damage induced by the 
overproduction of ROS (Fernades et al., 2020). 
Duchnowicz et al. (2002) explained that the toxicity of 
higher concentrations of 2,4-DCP decreases ATPase 
activity. 2,4-DCP induced ROS overproduction and 
DSBs, showing that ROS accumulation and GSH 
depletion are involved in 2,4-DCP, causing DNA damage 
in fish (Huang et al., 2018). A similar result was found by 
Tingting et al. (2017) in membrane, which induced a 
change in ion transport and disruption of both sides of the 
membrane, agreeing with the result of Bukowska (2006; 
Michalowice and Majsterek 2010).   
 
 
Conclusion 
 

The tested materials (2-CP and 2,4-DCP) showed that 
different concentrations affected the MI and CAF in both 
plants (A. cepa and V. faba). Several types of 
chromosome anomalies were scored, such as stickiness, 
disturbance, anaphase bridges, micronuclei, and binuclei. 
Although nucleic acid contents (DNA and RNA) increased 
after treatment with different concentrations (0.625 and 
2.5%) of 2-CP and (0.65, 1.3, and 2.6%) of 2,4-DCP, they 
decreased by 1.25% of 2-CP. The increase in DNA and 
RNA content may be due to protective action by protein 
production that allows the plant to continue the biological 
process normally under chemical stress, or it may be due 
to the interference of chemicals with the cell cycle by 
disturbing the normal flow of the process, leading to DNA 
content accumulation and decreasing cell division MI. 
The tested materials have cytogenetic, genotoxic, and 
also influence in nucleic acid contents in A. cepa and V. 
faba plants. 
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