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Evaluation of Genotoxicity of 4-n-Nonylphenol using Vicia faba 1..
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Abstract: The present investigation dealt with the effects of 4-n-nonylphenol (NP) on the mitotic and meiotic
division of Vicia faba L. Root-tips of Vicia faba was treated with a series of NP concentrations ranging from
25, 50 and 100 ppm for 3 and 6 h. The 4-n-nonylphenocl (NP) concentrations used, generally had a marked
metodepressive effect on Mitotic Index (MI) after all concentrations at 3 and 6 h except 25 ppm for 3 h.
Spraying of Vicia faba flower buds with 25, 50, and 100 ppm of NP for 1, 2, 3 and 4 successive days were
capable to induce positive results of abnormal Pollen Mother Cells (PMCs.). The 4-n-nonylphenol (100 ppm)
caused killing 40% of flower buds. Several types of abnormalities were observed after all treatments in both
mitotic and meictic divisions. These types of abnormalities were: chromosome stickiness, dishurbed
chromosomes, ana-telophases bridges and lagging chromosomes. The 4-n-nonylphenol was induced change

1n esterase 1soenzyie.
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INTRODUCTION

With the escalation of industrial processes and the
expansion of wrban population, a vast amount of organic
pollutants in industrial wastes, reside pesticides and
sewage have been released into the environment. Organic
pollutants affected on ecological and human being health.
The pesticides workers uses nonylphenol and the related
nonylphenol ethoxylates in pesticides products as inert
ingredients and adjuvant added.

4-n-nonylphenol (NP) 1s an important class of
nonionic surfactants employed in many detergent
formulations for imdustrial and household use.
Stewbaut ef al (1989) recorded that nonylphenol
surfactants plays an important role in the penetration and
transport process at the different barriers of the plant.
They cause sever cell membrane disruption and the rely
influence the penetration of fungicides into the plants.
NP has toxic effects on aquatic ammals and plants. Also,
4-n-nonylphenol contaminated of crop plants and affected
the quality of food or feedstuff (Bokern er al, 1998,
Hoss et al., 2002; Hense et al., 2003, Wang et al., 2007).
Soto et al. (1991) showed that estrogen-like activity of
NP was observed ir vitro. The NP induced both
cell  proliferation and progesterone receptor in
human estrogen-sensitive MCF7 breast tumor cells and
it triggered mitotic activity 1in
(White et al., 1994).

Karley et al. (1997) found that ATP content was
reduced and glucose mduced extracellular acidification
was 1nhibited only by NP.

rat endemetrium

The purpose of this study was to investigate the
genotoxic effects of 4-n-Np that occurred on the mitotic,
melotic divisions, chromosomal behavior and esterase
isoenzyme of Vicia faba plants.

MATERIALS AND METHODS

Seeds of Vicia faba 1. (var. Giza 2) were used in the
present study. The seeds were kindly supplied by the
Legume Research Section, Agricultural Research Centre,
(Giza, Egypt.

The concentrations of NP ranging from 25, 50 and
100 ppm were used for mitotic and meiotic studies.

4-n-nonylphenol was purchased from fluka: Seeds of
Vicia faba (Giza 2) were germinated in filter paper
moistened with tap water. When the roots reached
1.5- 3.0 cm m length, the roots were exposed to different
concentrations of 4-n-NP for 3 and 6 h. The control roots
were exposed to distilled water. The roots were cut off
after treatments and then fixed in 3 absolute ethyl alcohol:
1 glacial acetic acid (v/v) for 24 h All cytological
observations were made on permanent root-tip squash
preparations  which  were stained with Feulgen
(Sharma and Sharma, 1980).

Vicia faba plants were sprayed at the flowering stage
with three concentrations of 4-n-NP 25, 50 and 100 ppm
for 1, 2, 3 and 4 successive days for each concentration.
Control plants were sprayed with distilled water. Flower
buds were gathered after 24 h. Then, immediately fixed in
3 absolute ethyl alcohol: 1 glacial acetic acid (v/v) and
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then, examined using the aceto-carmine smear method.
Abnormalities were counted in the first and second
meiotic division.

The sozymes tested in this study were esterase
which was clearly observed when separated in poly
acrylamide gel. Extraction gel preparation electrophoresis,
staming and distaimng followed the procedure of
Stegmann et @f. (1980) and Jonathan and Wendel (1990).

All cytological data were reported as mean values
and Standard Error (SE) of the mean. SPSS computer
software was used to estimate the t-test for sigmficance at
p<0.05 and p<0.01 level.

RESULTS AND DISCUSSION

The Mitotic Index (MI) reflects the frequency of cell
division and is regarded as an important in evaluating the
rate of root growth. The data in Table 1 clear that NP
mnduced mitodepressive effect on cell division of
Vicia faba root cell as compared with the control. The
mitotic index was generally reduced in the treated roots
with the different concentrations of NP treatment after
3 and 6 h. The mitotic index values were progressively
decreased as the concentrations and duration of
treatments were increased. The lowest value mitotic index
was recorded after 6 h with (100 ppm) which reached
7.98+0.29 as compared to control 10.30+0.69. Bokern and
Harms (1997) found that the concentrations of 4-NP from
0.05-1.00 mM was toxic to 14 different plant cell
suspension cultures. These concentrations caused 50%
growth reduction. The lowest concentration 25 ppm had
no effect on MI after treatment for 3 Iy but after treatment
for 6 h had a significant effect was occurred.

The reduction n mitotic activity can be explained on
the basis of interphase duration increase due to inhibition
of DNA synthesis and increase mn G, phase duration
(Keul and Keul, 1984). These results resemble those
obtained by Liu et al. (2003), who reported that the mitotic
index of Vicia faba root tips were successively decreased
and even stopped with the increase of trichlorobenzen
concentrations and duration of treatment. The inhibition
of mitotic activity has been regarded as a common effect
by numerous of chemical compounds and has been
reported by many investigators as: Maleic hydrazide on
Allium cepa (Marcano et al., 2004), mumcipal landfill
leachate on Vicia faba (Sang and Li, 2004 ), tannery soil
waste on Ficia faba (Chandra et al., 2004) and food
preservative chemical on Allium cepa and Vicia faba
(Abd-El-Hady and Barakat, 2005).

The NP induced a wide rang of mitotic abnormalities.
Their frequencies increased as the concentrations of NP
and duration of treatment increased. The maxumum
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percentage reached to 3.3310.14 with the highest
concentration of NP compared with the control 0.95+1.03
for 6h (Table 1).

Spraying the flower buds of Vicia faba plants with
different concentrations of Np solution led to the
induction of a significant percentage of total abnormal
PMCs (Table 2). This percentage
increasing the concentration of NP and duration of
treatment. The maximum value of meiotic abnormalities
was recorded after spraying the flowering buds with
100 ppm for four days 3.72+0.47, as while low dose 25 ppm
for 4 days was 1.75+0.39 compared to the control
0.5040.06. The NP caused a killing 40% of buds with
100 ppm after 6 days. The NP had a toxic effect on the
buds of Vicia faba plants. The same results recorded by
Cox (1996), who found that a lugh concentration of
nonyphenol exthoxylate caused a delay in bud break and
up to 50% bud kill in apples, peaches and grapes.

Many authors working on the mutagemic effect of
different chemicals on the plant cells have reported the
same results as: (Monarca et al., 2003) chlorobenzene,
acid rain and Cd*" on Vieia faba (Liu et al., 2003, 2004)
and murnicipal landfill leachate on Ficia faba (Sang and
L1, 2004).

The frequency of abnormalities in the first
meiotic division was higher than that recorded in the
second meiotic division, after 100 ppm NP treatment.
The same results was observed by benomyl on
Pisum sativien  (Amer et al, 1999) and cascade on
Vicia faba (El-Sherbeny et al., 2002).

Furthermore, the results showed a highly sigmificant
increase 1n the percentage of total mitotic and meiotic
abnormalities due to treated of Vicia faba with 50,
100 ppm of NP at different period of treatment (Table 1, 2).
The pattern of increase in frequency of chromosomal
abnormalities with increase the concentration and period
of treated was closely related to the decrease of division
rat.

Several types of chromosomal aberrations 1n mitotic
and meiotic division were: Chromosomes Stickiness,
distwbed  chromosomes, bridges and lagging
chromosomes. These types of aberration were observed
after treatment with all concentrations of NP (Table 1, 2
and Fig. la-d).

Chromosome stickiness and disturbed configuration
were the common types of abnormalities
(Table 1, 2). Stickiness of chromosomes was observed i
the different stages (Fig. 1). The occwrence of such
phenomenon in other chemically treated plants, is
thoroughly reviewed elsewhere, Jayabalan and Rao
(1987) suggested that stickiness at meiosis was due to
the disturbance in cytochemically balanced reactions.

increased with

most
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Table 1: Mitotic index, percentage of abnormal mitoses and types of abnommalities in Vicia faba root-tips after treatment with different concentrations

of 4-n-nony Iphenol for different periods of time

Percentage of different types of abnormalities relative to the number of
abnormal mitosis

Conc. Time (h) % of MIZSE % of abn.+SE Sticky Disturbed Bridge Lagging
Control 3 10.30+0.69 1.03+0.19 - - - e

25 (ppm) 10.06+0.68 1.24+0.36 40.00 20.00 26.67 13.33
50 (ppm) 9.38+0. 50+ 1.48+0.19 44.67 41.67 16.67 e
100 (ppm) B.85+0.32* 2.18+£0.28%* 26.58 3881 26.32 5.26
Control [ 9.98+0.48 0.95+0.12 - — e s
25 (ppm) 9.194+0.29%* 1.94£0.29% 43.47 34.78 17.39 4.35

50 (ppm) 8.9040,19+%* 2.5340.22%% 3833 33.80 16.67 11.11
100 (ppm) 7.9840.20%% 3.3340.14%% 37.04 31.63 22.92 741

*Significant at p<(.005 by t-test; **Significant at p<<0.001 by t-test

Table 2: Total examined PMCs, percentage of abnormal PMCs and types of induced meiotic abnommalities after spraying Ficia fiba plants with different

concentrations of 4-n-nonylphenol for different periods of time

%

meiotic division

Abn PMCs.in Percentage of different types of abnormalities

relative to the number of abnormal PMCs

Doses Period of treatment  No. of counted ~ Mean % of

(mgL™" by day PMCs abn=SE PMCs I o Sticky Disturbed Bridge Lagging

Control 2485 0.81+0.06 1.27 0.78 - - - -

25 1 2388 0.72+0.13 0.96 0.8 42,42 33.33 21.2 13.03
2 2373 1.12+0.93# 1.29 0.89 42.68 38.09 16.67 2.38
3 2146 1.13£0.76% 1.14 0.54 46.81 31.91 17.02 4.26
4 2043 1.75+0.39% 2.13 1.37 48.33 26.67 21.67 333

50 1 2209 2.73+0.19#* 2.29 2.08 54.55 25.45 16.36 304
2 2057 2.97+0,28%% 1.84 1.29 51.72 25.86 17.24 517
3 1971 20710, 77%% 2.59 2.45 50.79 25.40 20,63 317
4 1920 2.2240,97%% 1.84 1.03 4531 31.25 17.19 6.25

100 1 1568 2.35+0.40%% 4.07 2.82 45.16 25.81 26.88 2.15
2 1384 3.2140.58%* 312 1.88 42,93 30.56 23.15 370
3 1259 3.5040,92%% 4.22 3.38 41.55 33.80 21.83 2.82
4 1236 3.7240.47H* 3.12 3.02 41.94 24.52 29.68 3.87

*#Rignificant at p<0.005 by t-test; *Significant at p<0.001 by t-test

Table 3: Banding patterns represents esterase isozvmes for Ficia faba treated with different concentrations of n-nonvlphenol and different periods of time

Concentration

25 ppm 50 ppm 100 ppm
Band No. Control 1 2 3 4 1 2 3 4 1 2 3 4
1 + + + + + + + + + + + +
2 - -- - + + + + + + + + + +
3 + + + + + + + + + + + + +
4 + + + + + + + + + + + + +
Total 3 3 3 4 4 4 4 4 4 4 4 4 4

+: Present; -: Absent

Chromosome stickiness may result from entanglement of
chromatin fibers, which fall to condense properly in
preparation for cell division (Abd-El-Salam et af., 1996;
El-Ashry and Shalaby, 2001).

The highest percentage of ana-telophase bridges
(Fig. 1¢) was induced after treatment with the highest
concentration of NP.

Formation of bridges can be mterpreted on the basis
of the general stickiness of chromosomes and subsequent
failure of anaphase separation (Gottschalk and Woll,
1993).

Lagging chromosomes observed in a considerable
percentage in the different mitotic and meiotic stages after
treatment with all concentrations of NP (Fig. 1d). This
mnduction of lagging clromosomes due to delayed
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termination of chromosome end or because of failure of
chromosomal movement and attributed to the spindle
apparatus (Patil and Bhat, 1992; El-Ashry, 2003).

Esterase  1sozyme  result  indicated that
4-n-nonylphencl a had a mutagenic effect on the genetic
background of the isozyme for Ficia faba plants.

Migration of esterase isozyme exhibited a maximum
number of four bands with different densities and
intensities as shown mn Fig. 2. It was noted that esterase
1sozyme band number 2 was absent i the control
(lane 1) and in 25 ppm NP after one and two days
(lane 2 and 3). This new band was appeared in 25 ppm
after three and four days. Main while, the band number
2 was appeared after all treatments with 50 and 100 ppm
NP (Table 3).
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Fig 1: (a) & sticky metaphase from root-tips meristerns of Feia frbe seeds wath 100 ppin of 4-n-nonylphenol for 6 b,
('t} disturbed metaphaze with 50 ppm of 4-n-nonylphend for 3 b, (c) anaphasze [ with bridge after spraying the
fower tuds with 100 ppm MNP for 4 successive days and (d) metaphase [ with laggand after spraying the flower

buds with 100 pprn NP for four successive days

k|

I 2 3 4 5 & 7 1

9 10 11 12
A

Fig &

Flectrophoretic
for 13 treatments of Giza wariety treated with

patterns of esterase isozwrnes

Monylphenol with  different  concentrations
andtime. 1: Control , 20 25ppm Np for 1 day,
325 ppro Mp for 2 days, 4: 25 ppm Np for 3 days,
525 pprn Mp for 4 days, 6: 50 ppm Mp for 1 day,
T: 50 ppr Mp for 2 davs, 8 50 ppm MNp for 3 days,
0: 50 ppnMp for 4 days, 100 100 ppea Mp for 1 day,
11: 100 ppem Mp for twwo days, 12 100 ppm MNp for
Jdaysand 13 100 ppm Np for 4 days

In addition to the use of chromosormal aberration,
which iz considered as one of the most walid indicators
of rmtageric potenicy  (Mendhulkm, 1993%, the
genctozicity of MNP tawve been measured by their
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ability to induce alterations in gene expression as
showmin esterase 1s0EVine.

The appearance of new band may be explained on the
hasis of mutational event at the regulatory system of an
unexgpressed gene(s). Thiz result was in agreement with
the results obtained by Mohatned (2002

From the present study, it could be concluded that
MNP had a tomic and rstagenic effects by inducing wide
rang of the cytological and active esterase isozyme in
Vicic firba plants.
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