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The effect of the herbicide chloridazon on induction of
micronuclei (MN) in sheep and bovine peripheral lymphocytes was
evaluated in vitro.

Chloridazon affected MN at all the concentrations tested:
7x10°M, 7x10° M and 7x1 04M. A statistically significant increase
of MN was seen in sheep and bovine lymphocytes at a chloridazon
concentration of 7x10™*M (P<0.01 and P < 0.001, resp.).

No significant differences in induction of MN were found at both
lower concentrations tested.

Our results indicated that chloridazon exerted only a weak in-
fluence on induction of the chromosomal changes (MN) observed.
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INTRODUCTION

Pesticides are a group of diverse chemical agents used to control insects,
weeds or other pests (Hrelia et al., 1994). Genotoxic effects of these agricultural
chemicals are among the most serious of all possible side effects. If a chemical
reacts with nuclear DNA, it is usually mutagenic and carciogenic to the exposed
organisms (Anwar, 1997). It is estimated globally that 5%-10% of all cancers may
be caused by environmental exposures (Jones and Boffetta, 1997). Possible
cancer hazards from pesticide residues in food have been much discussed in
the scientific literature and the press (Chaisson et al., 1989). Farm animals are an
important component of the human food chain and an accumulation of residues
in meat poses an additional hazard to man (Pokorna et al., 1996). In particular,
the diet has been estimated to play a role in about one-third of all cancers (Jones
and Boffetta, 1997). Sheep and cattle on pasture may often be exposed to
chemical agents. The effects of the chemicals discussed include hereditary
genetic diseases, carcinogenesis, reproductive dysfunction, and birth defects
(Anwar, 1997). Data from in vitro and in vivo tests indicate whether the compound
is a potential mutagen and/or potential carcinogen (Hrelia et al., 1990). The
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evidence for mutagenicity and carcinogenicity in different short-term tests is
viewed as a useful diagnostic signal for potential genetic diseases and cancer.
Generally, chromosome aberations (CA) are usually used to assess the risk from
chemical agents (Tucker and Preston, 1996), while micronuclei (MN) and sister
chromatid exchanges (SCE) serve as indicators of genetic damage (Norppa et
al., 1993, Carrano et al., 1978).

This study is a part of some broader research aimed at evaluation of
genotoxic risk from the herbicide chloridazon.

Chloridazon is the active ingredient of the preparation Burex Eko produced
by Istrochem Bratislava (Slovak Republic). It is a herbicidal preparation intended
for destruction of annual double germinating weeds in beet and sugar beet. It
has been used in agriculture since 1962. Chloridazon is included in the group of
triazols.

From the chemical point of view chloridazon is a complex of 5-amino-4-
chloro-2-phenyl-pyridazin- 3-one. lIts herbicidal effect results from strong inhibi-
tion of Hils photosynthetic reaction. The following clinical symptoms were
observed under conditions of acute intoxication in rats: apathy, hyperventilation,
dyspnoea, hypersalivation, paralysis, tonic-clonic convulsions as well as death
(Miynarc&ikova et al., 1998).

The present study evaluated the capability of this herbicide to cause genetic
inpairment by the induction of MN in sheep and bovine lymphocytes in vitro,

MATERIAL AND METHODS

Chloridazon (5-amino-4-chloro-2-phenyl-pyridazin-3-one, purity 92.6%,
Istrochem, Slovak Republic) was dissolved in dimethyl sulfoxide (DMSO) and
prepared immediately before each experiment at concentrations of 7x104 M,
7x10-5 M and 7x10°6 M.

The positive control:mitomycin C (MMC, CAS no. 50-07-7, Sigma, St. Louis,
MO, USA), was dissolved in redistilled water at the concentration of 0.4 xM and
used in the MN test.

Lymphocyte cultures were prepared by adding 0.5 ml of heparinized whole
blood from 2 healthy donors (2-year-old Merino sheep and Slovak spotted cattle,
3-years old) to 10 ml of chromosome medium RPMI 1640 supplemented with 15%
foetal calf serum (BOFES, Workplace for special culture Sera, Brno, Czech
Republic), antibiotics (penicillin 250 U/ml and streptoycin 250 u g/ml) and
phytohaemagglutinin (PHA, 180 ug/ml, Welcome, Dartford, England).The
lyphocyte cultures were incubated at 379C for 72 h. Cytochalasin B (Cyt. B, Sigma,
St. Louis, MO, USA) was added 44 h after starting the culture, at a concentration
of 3 g/ml. The tested substance was added 24 h after culture initiation and was
present until the end of cultivation (Surrales et al., 1995).

Slides for the MN test were stained with 5% Giemsa (Merck, Darmstadit,
Germany) in Sérensen phosphate buffer, (pH 6.8) for 15 min.
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The MNi were identified by means of criteria published by Countryman and
Heddle (1976). The induction of MN was evaluated by scoring a total of 1000
binucleatd (BN) cells per donor and concentration.

The number of micronuclei was analysed statastacally using the chi-square
test.

RESULTS AND DISCUSSION

Chloridazon was tested for its ability to induce micronuclei in sheep and
bovine lymphocyte in vitro. Table 1 shows the results obtained in sheep and
bovine lymphocyte cultures from two donors exposed to the herbicide. The
treatments lasting 48 h provided cultures showing a dose-related increase which
was statistically significant at the highest concentration tested (7x104 M). The
results obtained with sheep peripheral lymphocytes and bovine lymphocytes
showed significant elevations in MN (P< 0.01 and p < 0.001, respectively). The
exposure to lower doses of chloridazon (7x105 M and 7x10€ M) had no positive
effect on the induction of MN.

Table 1. Induction of micronuclei in sheep and bovine lymphocytes from two doners after chloridazon

treatment
Treatment MNce sD
Sheep
DMSO (control) 20.0 0.14
Chloridazon 7 x 105 M 27.08 0.17
. 7x10°M 2852 0.17
W 7x10%M 34,5+ 0.18
MMC (0.4u M) 67.0%** 0.26
Cattle
DMSO (control) 37.5 0.20
Chloridazon 7 x 10 M 39.5% 0.20
7x10°M 48.0° 0.21
' 7x10%M 66.0*** 0.26
MMC (0.4u M) 94, 57%x 0.30

MNcg: mean number of MN in CB

SD: standard deviation

** wx%: Statistical significance (P< 0.01 and P<0.001, respectively, chi - square test)
*: nonsignificant differences

Figure 1 shows the percentage of micronucleiin CB cells. The data indicate
that chloridazon increases the incidence of MN in lyphocytes in both the speices
investigated.

The spontaneous induction of micronuclei amounted 10.0 MN (mean value)
per 1000 binucleated cells in sheep lyphocytes and 18.7 MN (mean value) per
1000 binucleated cells in bovine lymphocytes. The number of micronucleiin 1000
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binucleated cells of positive controls (Mitomycin) was 33.5 MN (mean value) in
sheep lymphocytes and 45.9 MN (mean value) in bovine lymphocytes.
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Figure 1. Percentage of MN in sheep and bovine lymphocytes in vitro after chloridazon treatment

Concentration 1: 7x10% M
Concentration 2:7x10° M
Concentration 3:7x10™* M

The micronucleus test is a genotoxic endpoint widely used in vivo (mouse
bone marrow test, Gudi et al., 1992), in vitro (short-tests in culture cells, Frit-
zenschaf et al., 1993) and for the biomonitoring of human populations (Fenech,
1993). Because of the dual origin of MN (fragments or whole chromosomes) MN
induction can be a good in vitro tool in investigations of the effects of clastogens
and aneuploidogens.

The genotoxic potential of herbicides has been investigated by several
other researchers who used the MN test, too. Ribas et al. (1996 ab) evaluated the
effects of herbicides such as alachlor, maleic hydrazide and trifluralin, for their
genotoxicity to human peripheral blood lymphocyte cultures. Kevekordes et al.
(1997) tested nitro musk compounds by the MN test in human lymphocytes in
vitro and the human hepatoma cell line Hep G2. The nitro musk agents are used
in some technical products such as herbicide formulations. Five pyrethroid
insecticides were tested by Surralles et al. (1995)for their ability to induce
micronuclei in both whole blood and isolated human lymphocytes.

Comparison our results with those of other short-term tests indicated similar
responses. Sivikova and Buleca Jr. (1997) tested the affects of chloridazon on
the induction of increased sister chromatid exchanges (SCE) in bovine lym-
phocytes in vitro. A statistically significant increase in SCE was seen at the doses
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of 7x10° M and 7x104 M (P < 0.05 and P < 0.01, respectively). Pie$ova and
Sivikova (1997) evaluated the effects of chloridazon on the induction of SCE in
sheep peripheral lymphocytes in vitro. They found that the herbicide was capable
of inducing SCE at the highest concentration of 7x104 M (P<0.05).

Our results demonstrate the sensitivity of sheep and bovine peripheral
lymphocytes to chloridazon exposure in the MN test. The fact that the herbicide
induced chromosome damage (MN) only at its highest concentration (7x10-4 M)
suggests only a weak genotoxic effect of chloridazon on sheep and bovine
lymphocytes in vitro. According to our results, bovine lymphocytes exhibited
higher susceptibility to chloridazon exposure than sheep lymphocytes, at least
under our conditions of testing.
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INDUCIJA MIKROJEZGARA U OVCIJIM | GOVEDIM LIMFOCITIMA POSLE EKSPOZICIWE
HERBICIDOM CHLORIDAZONCM IN VITRO

ELENA PIESOVA

SADRZAJ

U nagem radu smo proudavali delovanje chloridazona na indukciju mik-
rojezgara u ovéijim i govedim limfocitima. Chloridazon je delovao u svimtestiranim
koncentracijama 7x106 M, 7x10-5 M, 7x10-4 M pove¢anjem frekvencija microjez-
gara (MN). Statisti¢ki zna¢ajno povecanije broja N smo primetili kod koncentracije
7x104 M (P <0.01) u ovaca, odnosno (P < 0.001) u goveda. Obe nize kon-
centracije nisu imale uticaj na indukciju MN.

Na osnovu nadih rezultata, mozemo zakljuéiti da je herbicid chloridazon
imao samo slab u&inak na indukciju posmatranih hromozomalnih promena (MN).



