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ABSTRACT

Pollution of the aquatic ecosystem is recognized globally as a potential threat to both human
and other animal's population which interacts with aquatic environment. Therefore, the aim of
this study was to study the cytogenetic effects of the herbicide glyphosate in Nile Tilapia fish.
This study was carried out on sixty fish which were divided into 4 equal groups. The first and
second groups were kept as contro] for 96 hours and 45 days respectively. The third group was
exposed to 1/10 LCsp of glyphosate for 96 hours and the forth group was exposed to 1/20 LCsg of
glyphosate for 45 days. At the end of the experiment the fish in each group were injected
intramuscularly with 0.1% of colchicine at the rate of 1 ml/100 gm body weight for studying any
cytogenetic changes in gill cells. About 50 metaphase spreads were screened to detect the
chromosomal aberrations. The statistical analysis revealed highly significant (p<0.01) effect of
glyphosate herbicide in inducing chromosomal aberrations. Different types of structural aberrant
were represented by deletion, fragments, breaks, gap and centromeric attenuation, while the
numerical aberrations were represented by hyper and hypoploidy. These results concluded that
numerical and structural chromosomal aberrations in Tilapia nilotica fish could be a good
indicator for environmental pollution which reflected on the human health and could be

considered as bio- health hazardous chemicals so it should be use under strict measures.

INTRODUCTION

Fish and shellfish are low in saturated fat;
contain high concentrations of protein, omega-3
fatty acids and other essential nutrients.
Consequently, they are considered to be an
important part of a well-balanced diet to heart
health and to children’s proper growth and
development. Fish provided more than 50% of
the animal protein for the population of several
countries (1).

Fish are useful experimental models to
evaluate the health of aquatic ecosystem and
biochemical changes, so it acts as monitor of the
environmental pollution. Oreochromis niloticus
is a good model for toxicological experiments
because it has high growth rate, adapts easily to
commercial diet, resistant to diseases and
injuries resulted from rough handling practice,
reproduce well in captivity and finally has good
tolerance to wide variety of husbandry condition

(2).

Chromosomal and cytogenetic studies on fish
have received considerable attention in recent
years (3). Fish chromosome data have great

importance in studies concerning evolution,
systematics, aquaculture and mutagenesis (4, 5).

Pollution of the aquatic ecosystem is
recognized globally as a potential threat to both
human and other animal's population which
interacts with aquatic environment (6). Egypt
possesses approximately 5000 km of irrigation
and drainage canals (7). Drainage canals were
polluted as a result of discharging agricultural
drains daily, with insecticides, pesticides, heavy
metals, fertilizers, chemicals, sewage and other
possible domestic/industrial wastes. The wide
indiscriminative use of pesticides in weed and
pest control, certainly, results in the pollution of
all environmental components including water
body (8).

Glyphosate is a broad-spectrum, non-
selective systemic herbicide. It can be used on
non-cropland and among a great variety of
crops. Glyphosate is usually formulated as an
isopropylamine salt. While it can be described as
an organophosphorus compound, glyphosate is
not an organophosphate ester but a
phosphanoglycine, and it does not inhibit
cholinesterase activity (9).
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Glyphosate 1s highly adsorbed on most soils
especially those with high organic content. The
compound is so strongly attracted to the soil that
little is expected to leach from the applied area.
Microbes are primarily responsible for the
breakdown of the product. The time it takes for
half of the product to break down ranges from 1
to 174 days. Because glyphosate is so tightly
bound to the soil, little is transferred by rain or
irrigation water. One estimate showed less than
two percent of the apphied chemical lost to
runoff. The herbicide could move when attached
to soil particles in erosion run-off.
Photodecomposition plays only a minor role in
environmental breakdown. In water, glyphosate
is strongly adsorbed to suspended organic and
mineral matter and is broken down primarily by
microorganisms. Its half-life in pond water
ranges from 12 days to 10 weeks (10).

Glyphosate residues were detected in
Egyptian plants after 30 days post-application
(11), also the muscle of catfish and Nile Tilapia,
collected from different market in Sharkia
governorate, contained a high level of
glyphosate (12) and was higher than its
maximum residue level in cattle, poultry and
rabbit meat (I3). The 96 hours LC50 of
glyphosate was determined in Oreochromis
aureus and was 5 and 6 ppm for fingerling and
adult respectively (14).

The genotoxicity of glyphosate has been
investigated in different assays (15). It induced a
significant increase in chromosomal aberrations
as fragment, bridges, multipolar or polyploidy
anaphase (16). Glyphosate has caused DNA
damage and/or micronucleus induction in the
neotropical fish (Prochilodus lineatus) (I17),
the fish Tilapia rendalli (18), goldish
(Carassius auratus) (19), and European eel
(Anguilla anguilla) (20).

Therefore, the aim of this study was to study
the cytogenetic effects of the herbicide
glyphosate in Nile Tilapia fish.

MATERIALS AND METHODS

1. Glyphosate
Chemical
herbicide.

class/use:phosphonoglycine,
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Physical Properties
« Appearance: Glyphosate is a colorless crystal
at room temperature.
» Chemical Name: N-(phosphonomethyl)
glycine.

» CAS Number: 1071-83-6.

« Molecular Weight: 169.08.

» Water Solubility: 12,000 mg/L at 25 °C.

s Solubility in Other Solvents: inscluble in
common organics (e.g., acetone, ethanol, and
Xylene).

« Melting Point: 200 °C.

» Vapor Pressure: negligible.

s Partition Coefficient: -3.2218 - -2.7696.

» Adsorption Coefficient: 24,000 (estimated)

Trade name: Roundup (21)

2. Fish used in the experiment

A total number of 60 healthy Nile Tilapia
fingerlings weighing 20-25 gm were obtained
from the Arab Egyptian company for fish
resources, Sharkia province, Egypt, transported
to the Animal Wealth Development Department
laboratory, Faculty of Veterinary Medicine,
Zagazig University. The fish were maintained
into well-acrated glass aquaria (about 100 liters
capacity) filled with dechlorinated tap water
which changed every other day, fed on a basal
diet at level of 3% of the total body weight, and
were acclimatized to the laboratory conditions
for 2 weeks.

3. Cytogenetic studies

Sixty fish were divided into 4 equal groups.
The first and second groups were kept as control
for 96 hours and 45 days respectively. The third
group was exposed to 1/10 LCsp of glyphosate (5
mg/L) (22) for 96 hours and the forth group was
exposed to 1720 LCs, of glyphosate (2.5 mg/L)
(22) for 45 days. At the end of the experiment
the fish in each group were injected
intramuscularly with 0.1% of colchicine at the
rate of 1 ml/100 gm body weight for studying
any cytogenetic changes in gill cells.

Clear and excellent metaphase figures were
observed at oil immersion objectives and were
photographed at each of the dose levels,
including control. When possible, one of each
type of chromosomal aberration seen was
photographed and illustrated. The observed
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chromosomes in each cell were classified
whether they normal or if they possess any
chromosomal or chromatid aberrations. Also, the
types of aberrations and the times these specific
aberrations were encountered in each cell were
taken note of. All the data gathered were
recorded under their corresponding dose levels.

4, Statistical Analysis

The data obtained were statistically
analyzed by Chi—square analysis test (23).

RESULTS AND DISCUSSION

The present investigation was conducted to
evaluate the in vivo chromosomal aberrations in
Tilapia nilotica fish treated with glyphosate.

Exposure to genotoxic agents may result in
mutation, metabolic disorder, damage embryos
and reduced fertility (24). The wuse of
genotoxicity testing is essential for the
assessment of potential livestock toxicity so that,
hazard can be controlled. Cytogenetic analysis of
chromosomes has been employed as a biological
dosimeter to estimate the effect of genotoxic
agents (pollutants) on fish and very useful for
direct detection in somatic cells (23, 26).

Tilapia fish had been used as monitor for the
cytogenetic studies as it has the following
criteria which are; mitotic activity is sufficient to
score statistical number of metaphase, easily
available (catching, buying, raising, culturing) in
laboratory condition and it is easily to be

accommodating to the external environment
(27).

As fish may act as organisms for study
aquatic pollution, several species have been
successfully used as test materials for detecting
genotoxic activity in the aquatic environment
(28, 29). Analysis of metaphase chromosomes
in fish for the occurrence of chromosome
aberrations in order to detect as well as
quantify the extent of genotoxicity or point
mutation induced by an agent has been proved
to be useful only in a few fish models (30,
31).

1.Normal Chromosomal picture in the fish

The metaphase chromosomes of the Tilapia
nilotica under study were properly identified.
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The diploid number (Figure 1) of chromosomes
was 22 pair (32).

Fig. 1. Metaphase spread of Tilapia nilotica fish
showing normal chromosomal number
(Giemsa stain, X=1000).

2. Chromosomal Aberrations in the fish
treated with 1/10 LCs of glyphosate for
96 hrs

A total number of 1000 metaphase figures
were used to investigate the cytogenetic effects
of control and 1/10 LCsq glyphosate for 96 hrs in
Tilapia nilotica fish. Table 1 showed that, the
total chromosomal aberrations in the control and
treated group were 42 and 114 (84% and
22.8%) respectively. The Chi-square analysis
showed highly significant differences between
the control and the treated group.

The different types of numerical and
structural chromosomal aberrations in control
and 1/10 LCs glyphosate treatment for 96 hrs
group were presented in Table 2. The statistical
analysis revealed highly significant (p<0.01)
effect of glyphosate herbicide in inducing
chromosomal aberrations. Different types of
structural aberrant were represented by deletion,
fragments, breaks, gap and centromeric
attenuation, while the numerical  aberrations
were represented by hyper and hypoploidy
(Figures 2, 3).
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Table 1. Total chromosomal aberrations 1/10
L.Cs, of Glyphosate for 96 hrs

Normal Abnermal % of

Group metaphase metaphase abnormal
Figures Figures figures
Control 458 42 8.4%
110 LCsq (96
hrs) of 386 114 22.8%
Glyphosate
Chi-Square Value 38.28**

Fig. 3. Metaphase spread of Tilapia nilotica fish
showing gap and deletion (Giemsa stain,
X=1000).

Fig. 2.Metaphase spread of Tilapia nilotica fish
showing aneuploidy (Giemsa stain,
X=1000). y

Table 2. Different types of chromosomal aberrations in control fish group and 1/10L.Cs, of
glyphosate for 96 hours

Total Numerical aberrations Structural aberrations
Grou i
Vo W mws B Tl K € B B B W R W -CA %R % Tam %

metaphase

Control 500 2 04 4 0.8 5 A ) 5 1 6 B oy B 4 08 - - 6w 712
#10LCx,

of

glyphosate/ 500 ., 8 2@ &8 W Ta W 4 us 3 g I Szimd 1w zoE eal w154

(96 hrs)

: 8617 11912 21871 2131 4,133 0.072 0.046 1811 0.501 15.965

X - * a* N.S . NS NS N.S N.S. -
Poly. = Polyploidy. neu. = Aneuploidy .=Gap. . = Break. D. = Deletion.
F. = Fragment. A. = Cenlromeric Attenuation. R. =Ring. 2 4= Chi — square Value.

N.S. =Non-significant. - **=Highly-significant. - *= Significant.

3.Chromosomal Aberrations in the fish figures were investigated. Table 3 showed that
treated with 1/20 L.Cs of glyphosate for the total chromosomal aberrations in the control
45 days and treated group were 58 and 136 (11.6% and
27.2%) respectively. The Chi — square analysis
showed highly significant differences between
the control group and the treated group.

To evaluate the chronic effect of glyphosate
on Tilapia nilotica fish, a total number of 1000
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Table 3. Total Chromosomal aberrations 1/20
LC 5 of glyphosate for 45 days

Normal Abnormal % of
Group metaphase metaphase abnormal
Figures Figures figures
Control 442 58 11.6%
V20LCsoof 3¢, 136 27.2%
glyphosate
Chi-Square *x
Value 37918
Table 4, showed the different types of both
numerical and structural  chromosomal

aberrations as well as the Chi — square values for
control and 1/20 LCsy glyphosate for 45 days.
The highest type of chromosomal aberration was
polyploidy as numerical aberrations (5.8%) and
deletion as structural aberrations (5.6%). On the
other hand, the lowest type of chromosomal
aberration was ring chromosomes by 0.6%
(Figure 4).

Similar effect was previously recorded on O.
niloticus fish exposed to copper sulfate and lead
acetate. Chromatid deletion, stickness and
fragments were more frequent than other
chromosomal aberrations (33). Also, exposure of
Channa punctata (2n=32) to mercuric chloride,
arsenic  trioxide and copper  sulphate
pentahydrate for a week, showed that kidney
cells revealed chromatid and chromosome
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breaks, chromatid and chromosome gaps, along
with ring and di-centric chromosomes. The
findings depict genotoxic potential of these
metals even in sublethal concentrations (34).

Enhancement in the frequency of
chromatid breaks, acentric fragments,
centromeric fusions, aneuploidy, condensation,
sticky plates and ring, were recorded in Mystus
glulio fish exposed to a Lambda-cyhalothrin
compared with those in the tap water control
(35). Chromosomal aberrations frequency
increased by the increase of concentrations of
herbicide, whipsuper (36).

A significant increase in the frequency of
deletions in pgrass carp fish exposed to
carbarmate insecticide was recorded (37). A high
significant increase in chromosomal deletion in
the kidney cells of grass carp exposed to
insecticides was also observed (8).

Chromosomal aberrations result from
abnormalities in DNA duplication during the S
phase; this may be due to the interference of the
pollutants with nucleotide synthesis (8), leading
to malformation of DNA molecules (38), or arise
as a consequence of miss-repair or of miss-
replication of damaged DNA (39).

Table 4. Different types of chromosomal aberrations in control fish group and 1/20LCg of

glyphosate
Total Numerical aberrations Structural aberrations
Group examined
metaphas Poly. % Aneu. % Total % G. % B. % D. % F. % CA % R % Total %
€
Control 500 5 100 9 18 14 28 13 26 7 14 9 18 8 1.6 5 100 2 04 44 B3
1/20 LCsp
of 500 29 58 18 36 47 94 22 44 18 36 28 56 11 22 7 14 3 0.6 B89 178
glyphosate
2 16.106 2.436 17.877 1.895 4,103 9.093 0.215 0.084 0.00 16.789
X cal * N.S *s N.S. ne s N.S. N.S. N.S. s
Poly. = Polyploidy. Aneu. = Aneuploidy =Gap. B.=Break D. = Deletion.
F. = Fragment. A. = Centromeric Attenuation. R. =Ring.

X% - Chi - square Value. N.S. =Non-significant. -

=Highly-significant. - *= Significant.
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Fig. 4. Metaphase spread of Tilapia nilotica fish
showing gap, break, ring, deietion (Giemsa
stain, X=1000).

Conclusion
From the results obtained we can
concluded that numerical and structural

chromosomal aberrations in Tilapia nilotica
fish could be a good indicator for
environmental pollution which reflected on the
human health and could be considered as bio-
health hazardous chemicals so it should be use
under strict measures.
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