
Özet
2,4-DDiklorofenoksiasetik  asit'in  ikinci  çapraz  yavrularýn  böbreðinde  bazý  antioxidant  enzimlerin  aktiviteleri
üzerine  etkisi
2,4-diklorofenoksiasetik asit (2,4-D) tarýmda geniþ yapraklý yabani otlarýn  kontrolünde kullanýlan sistemik bir
herbisittir. Fakat, bazý çalýþmalar, 2,4-D'in karsinojenik, mutajenik, klastogenik ve nörotoksik bir ajan
olduðunu belirtmektedirler. Bu çalýþmanýn amacý, 2,4-D'in ikinci çapraz yavrularýn (Mus musculus)
böbreðinde antioksidan enzimlerden süperoksit dismutaz (SOD), glutatyon peroksidaz (GSH-Px) ve katalaz
(CAT) enzimlerinin aktiviteleri üzerine etkilerini incelemektir. Diþi fareler, 2,4-D ve kontrol gruplarýna ayrýldý.
2,4-D anne farelere LD30 dozu olan 338 mg/kg vücut aðýrlýðý dozundan 1/100 seyreltilerek üç günde bir
intraperitoneal (i.p.) olarak verildi. Kontrol grubuna da etanol ayný yolla verildi. Bu iþlemler iki nesil boyun-
ca yapýldý. Ýkinci çapraz yavrularýn böbreðinde, enzim aktiviteleri spekrofotometrik olarak ölçüldü.
CAT aktivitesi, 2,4-D grubunda, kontrol grubuna göre anlamlý olarak azaldý (p<0.001). SOD ve GSH-Px
aktivitelerinde ise  anlamlý bir fark gözlenmedi. Sonuç olarak, ikinci çapraz yavrularýn böbreðindeki CAT
aktivitesinin 2,4-D'in toksisitesinden etkilendiði söylenebilir.
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Abstract

2,4-Dichlorophenoxyacetic acid (2,4-D) is a systemic herbicide used to control a wide variety of broad-leaved
weeds in agriculture. But, several studies have been suggested that 2,4-D is a carcinogenic, mutagenic, clasto-
genic and neurotoxic agent. The aim of the present study was to investigate the effect of 2,4-D on some kidney
antioxidant enzymes activities such as superoxide dismutase (SOD), glutathione peroxidase (GSH-Px), and
catalase (CAT) in the second cross offsprings (Mus musculus). Female mice were divided into two equal
groups: 2,4-D group and ethanol control group. Two the chemicals used were applied intraperitoneally. 2,4-D
was administrated to maternal mice as a 1/100 dilution of 338 mg/kg body weight (LD30) in 3 day intervals.
In the control group it was administrated by similar way. Same processes were repeated over two generations.
Spectrophotometric method was used to determine the activities of enzymes in the kidney of the second cross
offsprings. The activity of CAT was found to be significantly lower in 2,4-D group compared to control ethanol
group (p<0.001). There was no significant difference in the SOD and GSH-Px activities between the 2,4-D and
control groups. The results obtained suggest that the CAT activity of kidney in the second cross offsprings was
affected from 2,4-D toxicity.
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IInnttrroodduuccttiioonn
The discovery of herbicides has had a revolutionary
impact on the modern agricultural industry. The use
of these compounds in agriculture either to eliminate
pests or to modify crop growth has also toxicological
consequences. 2,4-dichlorophenoxyacetic acid (2,4-
D) is may be the most widely used herbicide world-

wide. At low doses it acts as a plant auxine analog,
promoting growth, in a manner similar to indole
acetic acid. However at high doses it is lethal to broad
leaved weeds (1). There is currently renewed interest
in 2-4-D, mostly owing to reports about the potential-
ity of this herbicide as toxicant to animals and
humans. It is taken by three classical routes: inhala-
tion, ingestion and dermal absorpsion. It is readily
absorbed by cells and its elimination rate and time,
however, varies greatly among species. In all animal
species, excretion is largely via urine as in non-metab-
olized form (2). In humans, 2,4-D has a half- life of
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approximately 18-20 h and 75-90% of absorbed dose
is excreted within 4 days. Dogs, for example, having
poor excretion of organic acids compared to rodents
and humans, have an oral LD50 dose about 100 mg/kg
body weight, while in rodents this is in the range of
300-1000 mg/kg body weight (3).
2,4-D has been reported as a typical uncoupler of the
respiratory chain-oxidative phosphorylation, thus,
affecting a broad spectrum of anabolic reactions
through inhibiting ATP synthesis (4). This was con-
firmed by Palmeira et al (5) and Oakes and Pollak (6)
who showed that 2,4-D caused a decrease in mem-
brane potential in mitochondria.  Also, when incubat-
ed with 2,4-D, the hepatocites' level of ADP, AMP
and NAD

+
increased while there was a simultaneous

depletion of NADH and ATP. It has been suggested
that such herbicides are hepatoxic and initiate the
process of cell death by decreasing NADH, ATP, and
also glutathione, an important intracellular free radi-
cal scavenger (7).
The evidence suggests that 2,4-D does not exhibit the
gene-damaging potential of a classical mutagene and
overall evidence for its mutagenicity remains equivo-
cal. While 2,4-D caused sister chromatide exchange
in cultured human lymphocyte cells, same effect was
not observed in vivo in rats, mice, hamsters and
humans. However, positive mutagenic effects have
been noted in in vivo tests of mouse bone marrow at
doses 100 mg/kg and 300 mg/kg body weight which
are near LD50 dose (3). 
It has been reported that 2,4-D can induce mitotic and
meiotic irregularities in plant cells in vivo and in
vitro. A concentration higher than 5 mg/L was report-
ed to induce chromosome aberrations like spindle
failure and chromosome mutations(8). In animals
high doses were reported to cause a decrease in pro-
tein and nucleic acid synthesis and also cause a
decrease in activities of some enzymes (1).
The aim of the present study was to investigate the
effect of 2,4-D on some kidney antioxidant enzymes
activities such as superoxide dismutase (SOD), glu-
tathione peroxidase (GSH-Px), and catalase (CAT), in
the second cross offsprings (Mus musculus).

MMaatteerriiaallss  aanndd  MMeetthhooddss
Animals: Swiss Albino mouse (Mus musculus) was
routinely produced in our laboratories. They were
given free access to food and water. Adult females
weighing 18-22 g were used. For mating, 2 females
and one male were held in a stainless steel cage for 2
days. Then, the male was taken from the cage.
2,4-D Application: 2,4-D was dissolved in 70%
ethanol before the application. All the females were

injected (Just after the separation of males) intraperi-
toneally with 2,4-D at doses of 3.38 mg / kg body
weight (9) in three days intervals until their sacrifice.
When their pregnancies were apparent, females was
taken into a separate cage. Following birth the off-
spring were kept together until 35th day. At this time
the males and females were separated each other. 2,4-
D applications to female parents were continued until
55th day of birth. These applications were continued
for two generations.
The Control: The control group was given 70%
ethanol. 
In each generation, at least 6 mating pairs were estab-
lished for 2,4-D experimental group. On the other
hand, minimum 5 mating pairs were the control
groups.
Enzyme Studies: After the mice were sacrificed by
cervical dislocation the kidneys were removed. Tissue
samples to be processed for the determination of
antioxidant enzyme activities were homogenized (1:3,
w/v) in phosphate saline buffer (pH 7.4). After
homogenization, homogenate samples were sonicated
for 1.5 min bursts for 30 s. All procedures were per-
formed at 0-4ºC.  Homogenate samples were cen-
trifuged at 22.000 g for 17 min at 4ºC, in a microcen-
trifuge (Ole Dich 157. MP). The supernatant was
frozen at -40 ºC until the time of assay. Supernatant
fraction was used for enzyme activities and protein
determination. 
Superoxide dismutase activity in supernatant was
measured according to the method of Sun et al.(10) by
determining the reduction of nitro blue tetrazolium
(NBT) by superoxide anion produced with xanthine /
a xanthine oxidase system. One unit of SOD was
defined as the amount of protein that inhibits the rate
of NBT reduction by 50%. Results were defined as
units per milligram protein (U/mg protein).
Glutathione peroxidase activity in supernatant was
measured according to Paglia and Valentine (11) by
monitoring the oxidation of reduced nicotinamide
adenine dinucleotid phosphate (NADPH) at 340 nm.
Enzyme units were defined as the number of micro-
moles of NADPH oxidised per minute. Results were
defined as miliunits per milligram protein (mU/mg
Protein).
Catalase activity in supernatant was determined
according to the method of Aebi (12) by monitoring
the initial rate of disappearance of hydrogen peroxide
(initial concentration 10 mmol) at 240 nm in a spec-
trophotometer. Results were reported as rate constant
per second per milligram protein (k/mg protein).
Protein was measured by method of Lowry et al.(13).
Statistical Methods: The Mann-Whitney U test was
used for statistical analysis. The results were
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expressed as mean ± SEM. P values <0.05 were
regarded as statistically significant.

RReessuullttss
The results of the experiment are shown in the Table 1.

CAT activity decreased in the 2,4-D group compared
to the control group (p<0.001). There was no signifi-
cant difference in the SOD and GSH-Px activities
between the 2,4-D and control groups.

DDiissccuussssiioonn
2,4-D is plant growth regulator, specially acting as
synthetic auxin or plant hormone (14). It strongly
decreases the GSH/GSSH ration, induces lipid perox-
idation, decreases ATP, NADH, and protein thiols and
promotes cell death (5,7,15). The decrease in NADH
leads to decrease of activity of protective enzymes,
such as glutathione reductase, further increasing the
susceptibility of cell to death (7,15). Intracellular
reduced glutathione (GSH) plays an important role in
detoxification generates a variety of reactive free rad-
icals as well as reactive oxygen species (ROS) that
will modifiy and destroy biologically important con-
stituents of living body such as lipids, protein, and
DNAs (16).
Cellular defense systems including antioxidative
enzymes, such as catalase (CAT), superoxide dismu-
tase (SOD), glutathione peroxidase (GSH-Px), and
non-enzymatic scavengers, such as glutathione, vita-
min A and E protect the organism against oxyradical
damage such as DNA strand breaks, protein oxidation
and the induction of  lipid peroxidation (17). An
increase of the activated form of molecular oxygen
species due to overproduction and /or to inability to
destroy them may lead to damage in the DNA struc-
ture and thus, may cause mutations, chromosomal
aberrations and carcinogenesis. Free radicals may
also stimulate cell growth by damaging specific genes
that control the growth rate and differentiation during
the promotion phase (18). 
In the present study, we showed that 2,4-D causes a
decrease of CAT activity in the offsprings of the sec-
ond cross maternal mice (P<0.001). In 2,4-D group,
SOD and GSH-Px activities were not found signifi-
cantly different compared to control group.

Contradictory to our results, Kawashima et al (19)
showed that 2,4-D did not affect catalase activity. In a
histopatologic study, it was shown that rodents
exposed to 2,4-D have exhibited lesions in the proxi-
mal convoluted tubes of the kidney and enlargement
of the liver (20). In another study, Oruc and Uner (21)
observed increased activities of glucose-6-phosphate
dehydrogenase (G6PD), glutathione reductase (GR),
GSH-Px and unchanged activity of SOD in the liver
of Oreochromis niloticus after 2,4-D exposure. In a
different study, it was shown that a single dose appli-
cation of 2,4-D did not change G6PD activity after 24
and 48 h while G6PD activity was found elevated
after 72 h (22).
As a results, it is possible that an increased rate of
ROS production may inhibit the action of CAT
antioxidant enzyme, or alternatively may cause the
decreased expression of this antioxidant enzyme.
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