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Abstact 

This study investigates how xylol acts on chromosomes of broad bean (Vicia faba L.) according to the time and 
concentration parameters. Xylol has the chemical formula C6H4 (CH3)2, which is also called dimethylbenzene. This 
chemical is evaluated as a basic substance or a supplementary basic substance in many industrial products such as farming 
chemicals. Xylol is used as a typical solvent in solvent-based formulations and serves as the carrier solution for the pesticide 
ingredient in farming chemicals.   
The present study investigates the chromosomal changes induced by xylol in the meristematic cells of the root tips of V. faba, 
which is widely used as food by humans. The root tips were treated with xylol solutions which are prepared in various 
concentrations (5,20,40 and 80 ml/L) for different treatment duration periods (8 and 72 h).  The aim of the microscopic 
examination was to clarify chromosomal anomalies of cell division. The microscopic examination showed that various 
anomalies occurred in cells of the root tip meristems such as chromosome breaking, dispersion, adherence, bridge 
chromosome and ring chromosomes. The data obtained from microscopic analysis in the study were evaluated statistically.   
We have tried to demonstrate and assess the effects obtained from laboratory studies numerically. The Pearson’s correlation 
and variance analysis were applied to data to reveal the similarities and the differences of the chromosomal features.  The 
statistical analyses used in the study also serve the purpose of reliability, concreteness and the comparison of the results. The 
study also sheds light on the possible harms of xylol on chromosomes transferring genetic codes of living beings to 
forthcoming generations. 
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1. Introduction 

Xylol is uncoloured, characteristical dissolvent, 
fragrant and fluid form crude substance with a chemical 
formula of C6H4 (CH3)2. It was first isolated and named 
in 1850 by the French chemist Auguste Cahours, having 
been discovered as a constituent of wood tar (Cahours, 
1850). It has industrial value and medical technology as a 
solvent, but concerns about its safety have raised 
questioned from time to time. In addition, the areas of 
application of xylol include the printing, rubber, and 
leather industries. It can be used where slower drying is 
desired (Jenifer, 1994).  For similar reasons, it is often the 
active ingredient in commercial products for ear wax 
removal (Fabri et al., 2000). Xylol easily penetrates most 
ordinary clothing and can become trapped in ordinary 
gloves and boots. Xylol trapped in the clothing can cause 
burns and blistering. Long-term exposure to xylol may 
lead to headaches, irritability, depression, insomnia, 
agitation, extreme tiredness, tremors, impaired 
concentration and short-term memory loss. This condition 
is sometimes generally referred to as "organic solvent 
syndrome." Unfortunately, there is very little information 

available that isolates xylol from other solvent exposures 
in the examination of these effects. The type and severity 
of health effects depends on several factors, including the 
amount of xylol you are exposed to and the exposure time 
(Vijayakumar, 2015). In the literature, some researchers 
made investigations on cytogenetic effects of especially 
heavy metal pollution on plants and other living things 
(Shraideh, 2010; Özdemir et al., 2015; Şutan et al., 2018; 
Osama et al., 2020; Tengjaroenkul & Neeratanaphan, 
2020). In the literature, the studies on the effects of 
solvents on plants have mostly been evaluated in terms of 
agricultural productivity (Barchan et al., 2014; 
Ghasemzadeh et al., 2011). Studies on the effects of 
solvents on plant chromosomes are very limited. Recently, 
Alaca et al., (2020) have investigated the effect of xylol 
solvent on Vicia faba plant chromosomes for different 
concentration and time.  

In this study, we investigated the effects of xylol used 
as raw materials in many industrial products especially 
agrochemicals on the V. faba plant as a model system for 
plant cytogenetic studies to configure its mode of action on 
mitotic chromosomes 

The new aspect here is to evaluate the data observed 
from the research mathematically, in particular 
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statistically. Statistical analysis was performed using 
Pearson's correlation and analysis of variance methods, 
which are widely used in similar studies. 

2. Material and Methods 

The study was carried out in Manisa Celal Bayar 
University, Botanical Research Laboratory in 2020. Ten 
number plump and equal-sized seeds of V. faba were used 
for each treatment and as a control group. The seeds were 
soaked with distilled water for 10 -15 minutes then 
germinated at 20-25 º C in petri dish. When the root tips 
reached 10-15 mm in length, germinated seeds were 
treated with different concentrations (5,20,40 and 80 ml/L) 
of xylol for 8 and 72 hours. The root tips of the control 
group were grown in water only. Then, the root tips 
obtained, were fixed with carnoy's fixative (60 ml ethanol 
absolute+30 ml chloroform+10 ml acetic acid glacial) for 2 
hours. Then, preserved in 70 % ethyl alcohol (Puchtler et 
al., 1968). For microscopic observation the root tips were 
stained by Feulgen method (Darlington and La Cour, 
1976).  Homologous areas were chosen on the preparations 
for cytogenetic examination. The cells were counted in 
selected areas, and the number of mitotic cells was also 
detected. The mitotic index was calculated based on the 
frequency of division in cell images obtained under a 
microscope. The preparation was prepared using 5 root 
tips for each xylol application. Twenty image fields were 

chosen on these preparations for cytogenetic examination, 
and chromosome abnormalities were detected. 
Approximately, 600 cells were evaluated for each 
application. The occurrence and frequency of 
chromosomal anomalies in the cells were established by 
hand counting from the microscope images. Chromosomel 
anomalies were tried to detected in the cells counted. 
Preparates were photographed with motorized Leica DM 
3000 microscope. For statistical analyses, chromosome 
anomalies detected in the study were coded as A-G and the 
concentrations/times of treatment as 1-8 (Table 1-6). 
Statistical analyses were performed using the Pearson’s 
correlation and analysis of variance method with 
MINITAB software package.  

3.  Results 

It was observed that the different concentrations of 
xylol treatment on the root tips at different time periods 
increased mitotic cell division compared to the the control 
group. Mitotic cell division was observed the highest level 
at 40 ml/L -72h treatment. Mitotic cell division was 
observed high levels at all 72th hours of treatment times 
according to the 8th hour of treatment times. It was 
observed that the mitotic index increased in parallel with 
the increase in concentration with only one exception after 
80ml/L treatment (Table 1).  

Table 1. The effect of xylol treatment on mitosis index and chromosome abnormalitiea of Vicia faba root tip   meristems. 

  

 

 

Control 

Total 

   counted 

 

     5 ml/L 

 

20 ml/L 

 

40 ml/L 

 

80 ml/L 

cells 
8h 

(1) 

72h 

(2) 

8h 

(3) 

72h 

(4) 

8h 

(5) 

72h 

(6) 

8h 

(7) 

72h 

(8) 

Mitotic indeks (%) ± SD 10 ± 4.1 600 11 ± 4.1 25 ± 7.1 12± 6.1 27 ± 7.3 14 ± 8.5 30 ± 7.8 10 ± 8.4 11± 9.1 

Total anomalies (%) 00.00 600 02.35 08.20 10.03 14.05 12.31 18.13  13.02 17.00 

Number of different 
anomalies 00.00 600 3 5 3 5 4 6 3 2 

S.D.- Standart Deviation      Time (h): hour 
Some chromosome anomalies were caused by xylol on 

the root tips of V. faba such as bridge chromosome, fish 
bone chromosome, sticky chromosome, ring chromosome, 
scattered anaphase, C- chromosome at different stages of 
mitotic division as shown in (Figures 1-7). The percentage 
of anomaly was highest after (40 ml/L -72h). Bridge, fish 
bone, sticky and ring chromosomes were the common 
types of anomalies in percentage after all treatments. The 
most frequently observed anomaly was bridge 
chromosome in all treatments. Treatment with 40 ml/L -8h 
mainly induced the highest percentage of chromosome 
anomalies, chromosome bridge (3%) and highest 
percentage of sticky chromosome (2.9 %). The highest 
percentage of fish bone chromosome anomaly (2.50%) 
was observed after (80 ml / L -72h) treatment. Ring 
chromosome was recorded after all treatments except (80 
ml/L -8h) and (80 ml/L -72h). C- chromosome anomaly 
was observed in only 4 treatment (Table 2). The lowest 
total percentage of different chromosome anomalies were 
observed at (80 ml/L -72h) treatment. When all treatments 

were considered, the most common type anomaly was the 
fish bone chromosome.  

The results of statistical analysis were obtained based 
on the Pearson’s correlation and analysis of variance 
method. According to the statistical results, there is a 
considerable positive relation between the treatment 
concentrations and the percentage chromosome anomaly 
except after (80 ml/L -72h) treatment (Table 2, Figures 1-
7). Statistical analysis based on Pearson’s correlation 
pointed to the important correlations among the anomaly’s 
types (A-E, A-G, D-F, E-F and F-G) (Table 3). Also, the 
variance statistical analysis pointed to the important 
correlations among (A-G, D-F, E-F and F-G) at levels of 
0.01 and 0.05 (Table 5). It was shown that the correlations 
between the treatment time and concentrations in Table (4) 
are based on the Pearson’s correlation method, while  the 
correlations in Table (6) are based on the analysis of 
variance method. The collected data revealed that there are 
highly significant correlations among the following (2-3; 
2-4; 2-5;2-7;3-4;3-5;4-5) concentrations /times of 
treatment at levels of 0.01 and 0.05 (Table 4 and 6). 
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Table 2. The percentage of chromosome anomalies in Vicia faba root – tip meristems after treatment with xylol.  

 Xylol concentation/time of treatment 
 
Chromosome anomaly’s type 

5 ml/L 20 ml/L 40 ml/L 80 ml/L 
8h 
(1) 

72h 
(2) 

8h 
(3) 

72h 
(4) 

8h 
(5) 

72h 
(6) 

8h 
(7) 

72h 
(8) 

Bridge chromosome A 1.10 1.50 1.60 2.10 3.00 2.50 0.10 0.20 
Fish bone chromosome B 1.30 1.20 1.30 1.90 1.70 1.80 1.40 2.50 
Sticky chromosome C 1.90 0.70 1.20 1.60 2.90 1.10 1.80 0.80 
Ring chromosome D 0.50 0.24 1.10 1.20 1.70 2.10 2.00 1.10 
Chromosome breaking E 0.70 1.00 1.30 1.80 2.10 1.20 0.00 0.00 
Scattered anaphase  F 1.10 0.00 1.00 0.80 1.15 0.50 0.00 0.00 
C- chromosome G 0.00 0.00 0.00 0.80 0.50 0.50 0.00 0.80 
Treatment time (h): hour; Abbreviations: A-G: Codes of chromosome anomalies; Abbreviations: 1-8: Codes of Treatment   (5 ml/L -8h): 1, 
(5 ml/L -72h): 2, (20 ml/L -8h): 3, (20 ml/L -72h): 4, (40 ml/L -8h): 5, (40 ml/L -72h): 6, (80 ml/L -8h):7, (80 ml/L -72h):8. 

Table 3. Pearson’s correlation based on chromosome anomalies. 

 A B C D E F 
B 0,087 0,837      
C 0,398 

0,328 
0,142 
0,737 

    

D 0,192 
0,648 

0,292 
0,483 

0,349 
0,397 

   

E 0,942 
0,001 ** 

0,133   
0,753     

0,453 
0,259    

0,060 
0,888 

  

F 0,624 
0,099 

0,223  
0,595   

0,635 
0,090       

0,018** 
0,967     

0,700 
0,050* 

 

G 0,702 
0,048* 

0,397 
0,330    

0,331 
0,423       

0,411  
0,312        

0,705  
0,041*     

0,349 
0,397 

* Significant at the level of P< 0.05.  ** Significant at the level of  P< 0.01.    Abbreviations: A-G : Codes of chromosome anomalies  

Table 4. Pearson’s correlation based on treatment (concentration / time). 

 1 2 3 4 5 6 7 
2 
 

0,446 
0,316 

      
 

3 0,650  
0,114    

0,760 
0,048* 

     

4 0,485 0,269   0,985 0,010** 0,795 
0,033* 

    

5 0,698 0,081  0,748 0,050* 0,824 0,023* 0,805 
0,029* 

   

6 0,165 0,724   0,698 0,081   0,692 0,085   0,722 0,067  0,617 0,140    
7 0,395 

0,381   
0,010**   
0,984   

0,229  
0,621   

0,142  
0,761   

0,280   
0,542   

0,368 
0,417 

 

8 0,337  
0,460   

0,308  
0,501    

0,261 
0,572   

0,350 
0,442     

0,071  
0,879    

0,409 0,363  0,706 
0,076 

* Significant at the level of P< 0.05.  ** Significant at the level of  P< 0.01   Abbreviations: 1-8 : Codes of Treatment    

Table 5. Correlation between the investigated chromosome anomalies (Analysis of Variance). 

 MS F-value Probability Significance 
A-B 0.057 0.05 0.837 NS 
A-G 3.66 5.83 0.052 * 
C-G 0.38 0.74 0.423 NS 
D-F 3.15 6.22 0.010 ** 
D-G 0.52  1.22 0.312 NS 
E-F 1.97 5.78 0.050 * 
E-G 2.01 5.95 0.049 * 
MS: Mean Square *P<.05 **P<.01     A-G: Codes anomalies     NS: Not Significant 
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Table 6. Correlation between treatment time and concentrations (Analysis of Variance). 

 MS F-value Probability Significance 
1-4 0.522   1.54 0.269 NS  
1-3 0.346   0.92 0.381 NS 
1-8 0.251   0.64 0.460 NS 
2-3 1.232   6.83 0.048 * 
2-4 2.071 7.47 0.010 ** 
2-5 1.196   6.37 0.050 * 
2-7 1.067 4.87 0.045 * 
3-4 0.969 8.59   0.033 * 
3-5 1.039 10.54   0.023 * 
4-5 1.086 9.20   0.029 * 
4-7 0.033   0.10 0.761 NS 
MS: Mean Square  **P<.01      Abbreviations: 1-8 : Codes of Treatment   NS: Not Significant 

 
Figure 1. Metaphase stages with fish bone chromosomes after treatment with 80 ml/L concentration xylol for 8 and 72 hours. 

 
Figure 2. The stage of mitosis with sticky chromosomes after treatment with 40 and 80ml/L concentrations xylol for 8 and 72 hours. The 
first image shows that ever stickiness at late metaphase stage preventing it from entry to anaphase. The third image shows stickiness at 
prophase stage, the other two images represent metaphases. 

 
Figure 3. Metaphase stages with ring chromosomes after treatment with 40ml/L concentration xylol for 8 and 72 hours. 

 
Figure 4. The stage of mitosis with chromosome breaking after treatment with 40ml/L concentration xylol for 8 and 72 hours. First image: 
anaphase stage, the other three images represent metaphases. 
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Figure 5. The first and fourth images anaphase stage with scattered anaphase chromosomes after treatment with 40 ml/L concentration xylol 
for 8 hour, the other two images represent meta-phase with fish bone chromosomes after treatment with 40 ml/L concentration xylol for 8 
hours. 

 
Figure 6. Anaphase stage with anaphase bridges after treatment with 40 ml/L concentrations xylol for 8 and 72 hours. 

 
Figure 7. Metaphase stage with chromosome C after treatment with 40 and 80 ml/L concentrations xylol for 8 and 72 hours. 

4.  Discussion 

In the current study, cytogenetic effects of xylol on 
meristematic cells of root tips belonging to V. faba (widely 
used as food by humans) have been investigated. We 
determined that xylol stress affects mitotic cell division 
and causes various types of chromosome anomalies. The 
obtained results of chromosome anomalies were mostly on 
the same track with (Alaca et.al., 2020) after treatment the 
Vicia faba seeds with xylol in different concentrations (10 
and 100 ml/L) for different times (12 and 24 hours) of 
treatment. Similarly, Barbhuiya et al. (2018) investigated 
the effect of benzene and thinner solvents, which are used 
as materials in many industrial products as in the case of 
xylol, on the root tip cells of Allium cepa. They observed 
that the solvents enhanced the mitosis index and caused 
chromosomal anomalies. Similar to our results, they 
observed that the solvents caused abnormalities such as 
bridge, sticky and scattered chromosomes and increased 
the mitosis index.  

In another study, it has been determined that the 
chromosome adherence and the bridge chromosomes were 
the most frequently observed anomalies in cells of lettuce 
after exposure to glyphosate (Silva et al., 2018). In our 
study, the mitotic division of the root tip treated with xylol 
gradually increased in comparison to the control group 

except to 80ml/L treatment. Parween et al., (2011) 
obtained similar results examining the effect of cadmium 
chloride in pure germ line in broad beans (V. faba) in 
relation to chromosome anomalies and cell division rate. 
However, in another study, the seeds of Lens culinaris 
Medik.were kept at different concentrations of Sr 
(stronsiyum) (0.05, 0.1, 0.25, 0.5 and 1.0 M) for 12 hours; 
those anomalies showed no regular distribution (Sepet and 
Çanlı, 2020). Thus, it is not in agreement with the previous 
reference and our work.  

As an example of similar results with non-solvent 
treatment, we refer to Özdemir et al., (2008), where the 
effects of uranium exposure on V. faba cells are 
investigated. They found a concentration dependent 
increase in mitotic index.  

The statistical analysis therein was also performed 
using the Pearson’s correlation and analysis of variance 
method. The results were taken into account in the 
significance evaluations at P<0.05 and P <0.01 levels. 
Similarly, we tried to prove and evaluate the results 
obtained from laboratory studies numerically. According 
to the statistical results derived, different concentrations of 
xylol treatment on root tip increased the mitotic cell 
division at the different periods of time, compared to the 
control group. However, mitotic division was decreased at 
(80 ml/L -72h) treatment. At the same time, the least 
number of different anomalies was seen in this application. 
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We refer to this concentration with sever damage on the 
cell cycle and delay the mitotic division. On the contrary, 
the different anomalies were mainly observed at the 
application level (80 ml / L -8h), where the mitosis was at  
its highest frequency. This result shows that the 
concentration and the time periods of the treatment in 
mitotic division is important. As shown in the tables 3-6 
according to Pearson’s correlation and analysis of variance 
method, it has been found that there have been statistically 
important differences at levels of 0.01P between ring 
chromosome and scattered anaphase. At the same time, 
there have been statistically important differences at levels 
of 0.05P between chromosome breaking and C- 
chromosome (Tables 3,5). We can say that these 
chromosomal anomalies are inter-related and trigger each 
other. Studies on the effect of xylol on chromosomes in the 
literature have mostly been done on animal cells. Donner 
et al., (1980) exposed rats to technical grade xylol by 
inhalation at 300 ppm, 6 h/day, 5 days/week for up to 18 
weeks. The chromosome damage has been detected in 
animals examined after 9, 14 or 18 weeks exposure. Thus, 
these researchers stated that that xylol administered to rats 
for different periods of time, similar to our findings, 
caused chromosomal abnormalities in the cells. Lebowitz 
et al. (1979) observed the damage of chromosome in bone 
marrow cells of rats after dosing with xylol.  

We think that, based on our finding results, xylol as an 
ingredient in many industrial products such as farming 
products should be reconsidered as it caused sever 
anomalies in chromosomes for various concentrations 
(5,20,40 and 80 ml/L) and different treatment durations (8 
and 72 h), which may cause plant growth disorder and 
deformations.  
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