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ABSTRACT

The mitotic index, micronucleus rate and chromosome aberration of Vicia faba root tip cells were determined by using
micronucleus test and chromosome aberration test method of Vicia faba root tip cells with different concentrations
of nitrobenzene as mutagens rate. The results showed that nitrobenzene could induce the higher frequency of
micronucleus, and the micronucleus rate increased with the increase of nitrobenzene concentration at 4 and 24 h,
but decreased after a certain concentration. Different concentrations of nitrobenzene at different treatment time to
make Vicia faba root tip cells produce higher frequency chromosome aberration, and produce a variety of types of
chromosomal aberrations. Therefore, nitrobenzene has obvious teratogenic effect on Vicia faba root tip cells.
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1. Introduction

Toxicology is a science that studies the nature and mechanism of the effects of chemicals on biological agents and
the quantitative assessment of the severity and frequency of these toxic effects. It has evolved from a simple study of
toxicology to a modern, comprehensive discipline (Ji Yunjing, 1991). This science has aroused people's attention. This
is due to the development of industrial and agricultural production and the progress of science and technology, people in
their daily lives exposed to more and more chemical substances, there are many environmental chemicals urgently need
to assess the toxicity to clarify its impact on the health of the body, The development of environmental health standards,
the assessment of environmental quality, to take preventive measures to provide a scientific basis. Environmental
toxicology is the use of toxicological methods to study the living environment (air, water, soil, public places and
household chemicals) have been or will enter the toxic chemicals and their products in the environment of the harmful
effects of human health And its role in a law of science, it is not only an important part of environmental hygiene, but
also a branch of toxicology disciplines. In the past, toxicology research was mainly based on the combination of animal
testing and human observation. It was still an important and necessary means for a considerable period of time. With
the application of molecular biology theory and methodology and toxicology, the toxicity assessment of chemicals
developed into a new model of in vitro cellular and molecular toxicity testing combined with human volunteer trials
(Elespuru RKA, 1996).

Nitrobenzene as organic synthesis materials for the production of aniline dyes. In the organic synthesis industry
such as dyestuffs, spices and explosives, it is possible to leak and pollute the natural environment during storage, use,
handling and transportation, and produce corresponding poisoning to environmental organisms (Yang Jianzhou, Zhang
Changhui, 2005). The micronucleus test technology of Vicia faba root tip cells has been widely used in the detection
of environmental pollutants by our country as 'biological detection technology' (Quyi et al., 2001). Vicia faba root tip
micronucleus test method and chromosome aberration test method in recent years gradually applied to the detection of
environmental mutagens and mutagenic research. The plant detection method is considered to be a good test system for
mutagenicity analysis. In this paper, the effects of different concentrations of nitrobenzene and different treatment time
on the mitotic index, micronucleus rate and chromosome aberration rate of Vicia faba root tip cells were studied in order
to explore the teratogenic effect of nitrobenzene on plant cells.
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2. Materials and methods

2.1. Research materials

Vicia faba L. is produced in Zhejiang Dongtou. Nitrobenzene is produced by a Shenyang Pharmaceutical Factory,
batch number 89063 purchased in Mudanjiang City Chemical Reagent Store, for the analysis of pure. Nitrobenzene was
mixed with 5 mg ¢ L-1, 10 mg *L-1, 20 mg *L-1, 30 mg *L-1, 40 mg *L-1, 100 mg L-1 6 Different concentrations.

2.2. Research methods

Select the full, uniform size of the broad bean seeds soaked in distilled water for 1 d, let it bulge, and then spread in
the pad with wet filter paper culture dish, covered with wet gauze, incubator in the incubator at 23 constant temperature
culture, 12 h for Water once. To be about 1 cm, respectively, with distilled water and 5 mg L-1, 10 mg *L-1, 20 mg *L-
1, 30 mg *L-1, 40 mg L-1, L-1 6 different concentrations of nitrobenzene were treated for 4 h and 24 h respectively.
After 24 h, the root tips were cut and fixed with Carnos fixed solution (anhydrous ethanol: glacial acetic acid=3:1v/v)
for 24 h, Set 70% ethanol in 4refrigerator to save. Take the apical meristem, conventional shoots. With modified carbolic
acid magenta dye (Qian Xiaowei, 1998; Qian Xiaowei et al., 2003). The mitotic index, micronucleus fractionation rate,
chromosome aberration rate were observed, and the cells with distortion were photographed. (Test group and treatment
see Table 1)

2.3. Statistical methods
Using spss10.0 data processing system for analysis of variance.

3. Results

3.1. Effects of Different Nitrobenzene Concentration and Treatment Time on Micronucleus
Rate in Vicia faba Root Tip Cells

From Table 1, nitrobenzene was able to induce higher frequencies of micronuclei and chromosomal aberrations. The
micronucleus rate of the 12 test groups was significantly higher than that of the control group (p <0.05 or p <0.001).
In the two groups, the concentration of nitrobenzene increased with the increase of nitrobenzene concentration. When
the concentration of nitrobenzene was 20 mg *L-1 in group (treatment 24 h) at 10 mg *L-1, the micronucleus rate
was the highest. With the nitrobenzene concentration increased gradually and gradually decreased. At different times,
nitrobenzene treatment, micronucleus rate b> b, ¢> c. Starting from 20 mg ¢ L-1,d>d, e>e, > f, g>g.d> de>ef> fg> g

Table 1. The effects of Nitrobenzene on the rate of chromosome aberration of Vicia faba root tip cells

koncentration (mg-L~ ) interphase cells‘root tip rate(x * 3)
[ aCztR8)0 4 10 1221102212 1.4+0. 70
b 5 4 10 1345246554 d, 2+ 1. 1ds
[ c 10 4 10 7210298891010 2. T+ 1. Q6
14 Z0 4 10 161515161515 1416 17 15 15. 4 0. Sd%k*
[ e 30 4 10 12101011 111011 9109 10,3 0. 95k
I £ 40 4 10 EEBTT5BETEG 6. B 0. 9Tk
I = 100 4 10 3233443432 3. 1% 0. Ttk
I acztEE0 o4 10 1121100110 0.8x0.63
I 5 Z4 10 E6E34556445 d. 7+ 0. 95k
I« 10 4 10 9109911829910 9, 24 0. 9Fskk
Ia Z0 4 10 E56TBEREE6BS55 6. 0% 0. 83k
e 30 Z4 10 EE64535443 4, 4+ 0, 9T#4*
I+ 40 z4 10 3233334533 2. 9t 0. 9%k
Ie 100 4 10 1222112202 1. 5% 0. Tl

NMNote: each group comarison with the control. *expressing P=0.1, ** expressing P =0.05. **=*
expressing P =0.0:01.
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3.2. Effects of Different Nitrobenzene Concentration and Treatment Time on Chromosome
Aberration Rate of Vicia faba Root Tip Cells

From Table 2, it can be seen that nitrobenzene can induce higher frequency distortion, and the distortion rate
increases with the increase of concentration, and peaks at ¢ and b are both 10 mg * L-1, While the concentration of
group was 5 mg * L-1. And then with the increase in concentration and distortion rate decreased. While the abundance
of nitrobenzene was lower than that of the control group, both I g <a, e, f,g were less than a. At the same nitrobenzene
concentration, different treatment time, a> a, b> I b Starting from 10 mg ¢ L-1, with the concentration.

Table 2. The effects of Nitrobenzene on the rate of chromosome aberration of Vicia faba root tip cells

Grl:bup Nitroebenzene Process Mo. of root tip Chromosome aberration the rate of chromosocme

Concentration time No_of1000piece aberration %o
Cme - L7 interphase cells'root tip (= = 35
[ a(ZFBEI0 g 10 3201122133 1.8+1.03
[ & E il 10 21099107981011 9.1x1.20 sk
I = 10 4 10 171618 1819191819 20 19 18. 3k 1. 16+**
Ia 0 il 10 101111 121312121014 11 11. 6 1. Z64k*
I = 30 ! 10 4435655543 4. 44 0 974k
I £ 40 il 10 1104423222 2.1+ 1. 2k
I = 100 4 10 ooll1s302011 0. 9 0. 9%
[l alxFE8 0 Zd 10 43653322343 3.2+0.92
I 5 24 10 1012313121211 1211109 11.3% 1. Sdsksk
Ie 10 o4 10 TETEBERETET T. 0+ 0, 334k
IIa 20 24 10 3445554625 4.3+ 1. 174k
IIe 30 o4 10 Esd42122011 P = = 0 I E
IIf 40 o4 10 0300121222 1.3x1.01=*
Is 100 o4 10 1ooi1110121 0. 240, 63*

Note: each group comarison with the comtrol. *expressing P<0.1, ** expressing P <0.05. ***
’ expressing P —0.0{1.

3.3. Effects of Different Nitrobenzene Concentration and Treatment Time on the Split Index
of Vicia faba Root Tip Cells

Table 3 shows that, compared with the control group, the two groups with different treatment time with
nitrobenzene concentration increased, split index increased. When the concentration of I is 10 mg * L-1, the
concentration of is 5 mg ¢ L-1. Then, as the concentration increases, the split index decreases, and the split index
increases with the increase of the processing time at the same treatment concentration.

Table 3. The effect of Nitrobenzene on mitotic index of Vicia faba root tip cell

Sroup Mitotic index bLverage of mitotic index
la ¢%fB8B) 3221 24213 2 2.2+ 0.9z
Ik 4156332433 5.4+ 1. d3%k
I = E 66764867 3 E. 2+ 1. 48k
14 1521333144 . T 1. 4Tk
le 2312211402 1.8+1.14*
I £ 1001321111 1.1+ 0. 88+
I = 0o1l1l211o01l1d1 0. T 6T
Hat=tA8> 3032121111 1.5+0. 97
It 10 @ 9 11 6 10 10 8 12 11 Q9.6 k1. Tloksksk
IIe 4663657976 5.9+ 1. Gk
IIa 5442 437 453 4.1+ 1. 3Tk
e 2202343351 OB+ 1. 434k
s 2eegaeid 1 09351 1 1.6=0, 97
Ie 1121002101 0. 90, Td=*

Note: each group comarison with the control. *expressing P-=<0.1, ** expressing P <<0.05. ***
expressing P <0.0:01.
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3.4. Effects of different nitrobenzene concentrations and treatment time on mitosis of
meristem cells in Vicia faba root apricot

The results of microscopic examination showed that nitrobenzene had the effect of mitosis on the apical meristem
cells of Vicia faba, and found abnormalities in the interphase period, early stage, middle stage, late stage and late
stage of cell cycle. It can be seen from Table 4 that the chromosomal aberration rate increased with the increase of
concentration in the group of different treatment time, when the concentration of Ib was 5 mg « L-1 and b was 5 mg
*L-1 Peak. And then decreases with increasing concentration. And I b <b, ¢c> ¢, d> d, e> e, > f, g> g were compared
with the two groups with different treatment time. In the medium group, the chromosome aberration rate increased
with the increase of concentration, and the peak concentration was 10 mg ¢ L-1 when I ¢ concentration was 10 mg
*L-1. And then decreases with increasing concentration. And I b <b, ¢c> ¢, d> d, e> e, £> f, g> g were compared with
the two groups with different treatment time. In the later stage, the chromosome aberration rate increased with the
increase of concentration, and the peak concentration was 10 mg ¢ L-1 when I ¢ concentration was 5 mg *L-1. And then
decreases with increasing concentration. And I b <b, ¢> ¢,d> d, e>e,f>f,g>g were compared with the two groups with
different treatment time. At the end of the treatment, the chromosome aberration rate increased with the increase of the
concentration, and the peak was when the concentration of I ¢ was 10 mg ¢ L-1 and the concentration of b was 5 mg
L-1. And then decreases with increasing concentration. And I b <b, ¢> ¢, d> d, e> e, > f, g> g were compared with the
two groups with different treatment time.

3.4.1 Interval

Intercellular abnormalities of the cell division mainly appear micronuclei (Figure 1, 2, 4), double micronucleus
(Figure 2), four micronuclei (Figure 3).

3.4.2 Pre-period

Early abnormal rate is not high, abnormal performance mainly pre-micronucleus (Figure 5). Early micronuclei were
formed by chromosomal damage or abnormal chromosomal activity during the last mitosis (Qian Xiaowei, 2004)

3.4.3 Medium term

Mid-term chromosomal abnormalities are mainly fragments (Figure 6.7), chromosomal abnormalities (Figure 8)
mid-term fragments of the mitosis process of chromosome damage or chromosome activity abnormalities formed.

3.4.4 Late

(Figure Figure 10.16), broken (Figure 10.12.14), adhesion (Figure 9.10.11.12.13), the bridge (Figure 16), double
bridge (Figure 9), the bridge, , Multipolar distribution (Figure 11.15) and so on.

3.4.5 End

(Figure 21.23), the syncytial body (Figure 24), the bridge (Figure 22.23), the bridge (Figure 17.18), lag (as shown in
Figure 18.19.20.21), the helix is not synchronized (Figure 21.23), the syncytia (Figure 24)

The appearance of micronuclei: may be the last mitotic process of chromosome damage caused by fragments or
chromosomal activity caused by abnormal.

Chromosomal hysteresis: the vast majority of chromosomes normally move toward the poles, only individual
chromosomes or fragments remain between the poles. This reflects the difference in the speed and process of individual
chromosomes moving toward the poles.

Chromosome adhesion: due to the damage of chromosomes and spindle wire damage caused by the late two groups
of chromosomes cannot be completely separated, some sub-chromosome fusion phenomenon.

The formation of chromosome bridges: chromosome bridge formation is one of the main features of cell division
abnormality and chromosome aberration. The formation of the bridge is due to chromosome breakage re-fused to form
double centromere and without centromere chromosome fragments of the results. So, the formation of chromosome
bridge is often accompanied by the emergence of chromosome fragments.

Chromosome multipolar distribution: the normal mitotic chromosome in the spindle under the traction, equally
divided into the opposite poles, while the nitrobenzene-treated Vicia faba root tip cells have a late mitotic distribution of
uneven triangular anomalies Split phase.

Chromosomal dissociation is not synchronized: the mitotic end is actually a nucleon remodeling process, and when
the chromosome reaches the poles, it begins to spin. Due to individual chromosomal activity and the emergence of the
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solution is not synchronized spiral, that is, most of the chromosomes have been resolved to form a spiral chromosome,
the individual unsolved spiral is still in the chromosome state.

The appearance of syncytia: due to the late emergence of unequal multipolar abnormal distribution, as well as
individual chromosomal damage or chromosomal activity abnormalities, leading to syncytia formation.

Table 4. Table4 The effect of Nitrobenzene on the rate of chromosome aberration of Vicia faba root tip cell

Group chromozome aber ration rate per phaszse The total chr omo=ome
Zp:t = HH J=EH =EH aberration
Prophase Metaphase  Anaphase Telophase rate t;z * 53
[ atZA8)0. 14+ 0. 40 0,640, 72 5.15% 1.21 1.95%0.87 1.8+1.03

[b 5. 220,634 4. 950, B0dclek 0. 660, Dddstck 5. 255 1. 054skck O, 12 1. 200k
[ & 2. 680, 52410, 21F 0. B54kr10. S5 1. 324k 20, 14 = 1. 254k 18, 52 1. 164k
[d1.9520, 84% 6.8320, Tdek 10,91 1. 0FE 10,053 1, 00%k 11, G 1. 2645k
[ e 1.01%0. 764k 4. 14+ 0. Sldock T7.64 0. Ofsck 7. O7 =0, OF%ick 4. 40, OF sokk
[f 0.B3*0.60% 2. BEE0. BS54k 5. 020,884k 5. 4261, 114k 2. 14 1. 20%ckk
[go.3ixo.d45% 1,700 Tek 2,85 1. 2disik 2. 010, S04k 94 0, DOtk
Ha(ziABi0.16£0.655 0.65x0.84 4.25%1.04 2,541, 20 3.2+0.93
IIb 3. 650, Todckkd BT 0, Tk 13. 9T £ 0. O54sk12, TEE 1. 154k 11, 3 1. Sdoiek
[ 2. 150,854k 5. 8620, G5k 8. 63 1. 2240k 7. 00 0. T4k 7.0 0,52 =k
I[d1.87%0.54% 4,420,674k 6. TAdE1. 104k H.820.054k 4. 521, 174k
I[e 0.96520, 464k 5. 050, 81kt 4, 860, 074k 5, 06 1, 064k 2, 10, Tdsoke
IIf 0.86E0. 77+ 2,480,824k 30221, 2040k F.47F 1, 109k 1, 3= 1.01%

Iz 0. 210,68+ 1.01+0, To4kk 1,511, 254 1.89+ 1. 0ddske 0,50, 685%

Note: each group comarison with the control , Fexpressing P<0.1, ** expressing P <0.05. #**
expressing P=0.001.
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1: interphase micronucleus; 2: interphase micronucleus, double micronucleus; 3: interphase four micronuclei; 4: pre-
micronucleus, syncytium; 5: pre-micronucleus; 6: intermediate fragment; 7: 8: late fragment, chromosome arrangement
abnormalities; 9: late chromosome double bridge, adhesion; 10: late fragments, adhesions; 11: late adhesion, multipolar;
12: late lag, fragments, adhesions; 16: late chromosome bridge; 18: late lag, chromosome bridge; 19: late lag; 20: late
lag; 21: late lag , Chromosome unwinding is not synchronized; 22: terminal fragment; 23: terminal fragment, chromosome
unwinding step; 24: nuclear abnormality

4. Discussion

This study found that from Table 5 we can see that nitrobenzene can induce higher frequencies of micronuclei and
chromosomal aberrations. The micronucleus rate of the 12 test groups was significantly higher than that of the control
group (p <0.05 or p <0.001). During the two groups of treatment time, the micronucleus rate increased with the increase
of nitrobenzene concentration, which may be due to the increase of the concentration of nitrobenzene to strengthen the
DNA damage to the cell, the chromosome aberration rate increased, micronucleus the rate also increases. When the
concentration of nitrobenzene in group was 20 mg *L-1 and the concentration of 10 mg *L-1 in group was the highest.
But with the nitrobenzene concentration to further increase the micronucleus rate gradually decreased. And with the
extension of time, the micronucleus rate II b> b, ¢> c. Starting from 20 /L, d>d, e> e, £> f, g> g. This may be due to the
increase in the concentration of nitrobenzene, the concentration increases, the damage to the cells intensified, not only
lead to the generation of intracellular chromosomal aberrations, but also effectively prevent the cell spindle filament
tubulin polymerization Cells remain in the division period, and thus the micronucleus rate decreased during the interval.
May also be due to the prolongation of nitrobenzene treatment time and the concentration of the cell cycle lead to
prolonged, so that some of the damaged cells did not complete the mitosis process, resulting in decreased micronucleus
rate. Studies have shown that there are two ways to form micronuclei: one way is because the chromosome fragments
produced after the G2 phase of the previous division cannot coordinate with the normal chromosome during the division
process, and are excluded from the nucleus And the other is due to various forms of backward chromosomes, which are
caused by chromosomes and chromosome groups (Li Hong, 1997).

The chromosomal aberration rate of both groups increased with the increase of concentration. When the
concentration of nitrobenzene in group was 10 mg ¢ L-1, and the chromosome aberration rate was the highest at mg
* L-1. With the further increase in concentration and gradually decreased. At the same treatment concentration, at
different times, with the same concentration of nitrobenzene treatment, chromosome aberration rate b> b, starting from
10 mg * L-1, with the concentration of . It is shown that different concentrations of nitrobenzene can induce higher
frequency chromosomal aberrations at different treatment times, and the effect is different with the treatment time. The
results showed that nitrobenzene could induce multiple chromosomal aberrations: interphase and pre-micronucleus;
mid-term fragment; late micronucleus, chromosome retention, chromosome bridge, fragment, adhesive multi-pole. The
most prominent of this test is the double bridge and the fragment; the final fragment. Chromosome aberration may be
multi-channel. Micronucleus formation, chromosome retention, are likely due to nitrobenzene destroyed the function
or formation of the spindle wire, it may interfere with some of their own chromosomal movement of the chromosome
cannot reach the equatorial plane, resulting in backward. Chromosome adhesion, fusion and the emergence of the
bridge may be due to the direct or indirect role of nitrobenzene in DNA molecules, resulting in DNA breakage damage,
resulting in a new re-connection, chromosome adhesion, fusion, chromosome bridge, Rearrangement. Nitrobenzene
also leads to chromosome poles, with respect to the structure and polarity of cell division, which is not yet clear. It is
generally believed that the structure and determination of cell division poles of different species may be controlled
by different mechanisms (Xin Xiangtai, Liang Wanfu, 1997). The structure and polarity of the splitting pole in the
mitosis of the broad bean root tip are likely to belong to the 'plate' structure. We know that pre-mitotic, in each stained
monomer, contains a special DNA sequence, called centromere DNA. Its position called centromere (centromere). In
the later period, at the centromere gradually assembled another protein composite structure, called the kinetochore. The
pellets are closely linked to the centromere. Another important event in the transition from the early to the mid-term is
the assembly of the spindle. A spindle is a temporary organelle that is directly related to cell division and chromosome
movement. Mainly composed of microtubules and their binding proteins. The chromosomes are trapped by the kernels,
and the microtubules emitted by the spindle poles are combined with the agglomerates on the chromosome side to form
the microtubules and the other side of the microtubules are associated with the other side of the chromosome. There
are two proteins in the pellet: Mad protein, Bub protein. They make the pellets sensitized, allowing the microtubules
to move in contact with the pellets. Mad2 and Bubl are associated with the chromosome loading spindle, and as long
as the pellets are caught by the microtubules, Mad2 and Bubl disappear. Do not catch, do not disappear while the
chromosome is not trapped by microtubules and cannot enter the late. The globules act before the microtubule, and
suppresses the signal and inhibits the cell cycle to move down one stage. Experiments show that nitrobenzene destroys
the lagged chromosomes that have not yet been associated with microtubules, allowing the chromosome to lag, but the
cells can be transformed downwards. Therefore, the cause of mitotic disorders, in the late emergence of a variety of
distortion.
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The results showed that different concentrations of nitrobenzene could cause the apical meristem cell division index
of the broad bean (Qian Xiaowei, 2004), when the ¢, b peak. And then with the increase in the concentration of split
index decreased. This may be due to the low concentration of nitrobenzene, prolong the time of cell division, shorten the
interval between the split interval, so that the entire split cycle shortened, and the split level is higher than the normal
level; but with the concentration of rising, the situation with the low concentration Under the opposite (Duan Changqun,
Wang Huan school, 1995). Indicating that nitrobenzene at different concentrations on the effect of cell division is
different. While the same treatment concentration of different treatment time of the two groups,, indicating that with the
extension of time, split index increased. This may be due to the mitotic phase, nitrobenzene to prevent the cell spindle
filament tubulin polymerization and make the cells remain in the split, resulting in increased split index.

Through the different concentrations, different time treatment can be observed in part of the cell nucleus close
to the cell membrane distribution, with the increase in concentration, the root tip of the hydrolysis effect is poor, the
degree of cell dispersion is getting lower, aggregation and overlap phenomenon, and the nucleus showed condensation,
Deep dyeing. Nuclear deformation irregular, nuclear elongation deformation, the nucleus appears to a number of buds.
Therefore, the appropriate concentration of nitrobenzene over time can induce the apical apoptosis of Vicia faba root tip
cells, which is similar to the report of Zhang Yuehua (Zhang Yuehua et al., 2007).

¥

Group Averaze of nitotic Micronucleus % Rate of chromosome aberration %

Tndex '}5:::: t 5 (x * &) 1:} t 3
A A AT LT3
[b 3.4F1, ¢3w ¢, 231, 1ddokk 6,111, 200k
[c G.8%1 40k B. T 1. Okt 18, 31, 16+
[d 2731, 428 15, 4 20, Bkt 11, 6T 1, 26k
[e 1.8%1 14 10, 320, 856e ¢, ¢ (), OT4kk
[f 1.1%0, 88+ B B0, GTHkk 2,11, 204k
[z 0.7£0.67* 3120, Td+ 0. 9E0, 9%+
Ta 1.5%0.97 0.8%0, 63 3.2%0,92
Tb 9621 1T ¢, TL0, ekt 11, 3£1, 3k
To 5921, B 5. 220, 9244 T.0Z0, 8244+
Td  4.1E1 3T 6. 0E0, B2#++ 4, 3E1, 1T+
Te  2.5%1 43 4, 420, 9Tk 2120, Tdttt
If 1,620,597 2. 9% 0, Yokt 131, 01%
Te  0.9%0, 74 1, 50, Tldkk 0.8%0, 3%

Note: each group comarison with the control. *expressing P=0.1, ** expressing P <0.03, #**
expressing P <0.001.

Table 5. Comparison with the mitotic index,the micronucleus rate and rate 1f chromosome aberration induced by
Nitrobenzene
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