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Abstract
The present study aims to investigate the hepatoprotective effects of selenium on toxicity induced by ‘Désormone Lourd’ based
on 2,4-dichlorophenoxyacetic acid inWistar rats. MaleWistar rats were divided into four groups and were treated orally. The (C)
group was used as a control, while the test groups were treated with Se (0.2 mg/kg b.w.), 2,4-D (5 mg/kg b.w.) or both (2,4-D +
Se) for 4 weeks. Our results showed that chronic treatment with 2,4-D resulted in hepatotoxicity, as revealed by an increase in
liver function markers Aminotransferases (ALT, AST), alkaline phosphatase (ALP), lactate dehydrogenase (LDH) and total
bilirubin (TB), along with reduced total protein content and albumin. An overall pro-oxidant effect was associatedwith a decrease
in the reduced glutathione (GSH) content and the enzymatic activity of glutathione-S-transferase (GST), catalase (CAT), super-
oxide dismutase (SOD) and glutathione peroxidase (GPx), and an increase in malondialdehyde (MDA) and protein carbonyl
levels (PCO). Microscopic observation of liver in 2,4-D-treated rats reveals lesions, which results in perivascular inflammatory
infiltration around the vessel, sinusoidal dilatation and vacuolization of hepatocytes. However, selenium supplementation in 2,4-
D-treated rats elicited a reduction in the toxic effects of the pesticide by improving the studied parameters, which was confirmed
by the histological study of the liver. Selenium appears to have a promising prophylactic effect through its effective anti-radical
action against the hepatotoxic effects of 2,4-D.
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Introduction

Phenoxy herbicides form a family of agrochemical substances
that have been used since the 1950s in various cultures, in-
cluding silviculture. One hundred of these derivatives are still
present on the world market as a result of agricultural and
commercial exploitation [1, 2]. This is the case for 2,4-D
(2,4-dichlorophenoxyacetic acid), a chemical analogous to
the natural systemic selective auxin indole-3-acetic acid
(IAA) [3], which is marketed in forms including free acids,
esters and/or salts. These various forms present similar

toxicity, according to the results of more than 60 studies un-
dertaken by the ‘Industry Task Force II’ group [4]. The 2,4-D
molecule is the active adjuvant of the ‘Désormone Lourd’, a
commercial formula containing esterified 2,4-D, and the 2,4-
D is used as a selective herbicide to treat cereals, grass and
grassland areas (Fig. 1). As the most widely used form of 2,4-
D worldwide [5, 6], including in Algeria, this remains the
herbicide most commonly used by farmers due to low cost
and low-dose efficacy. However, it represents a risk to health
and the environment [7]. It was reported that 2,4-D is more
likely to affect the liver [8], kidneys [9], lipid profiles [10], the
nervous system [11], reproduction [12] and blood [13].

Recent studies indicate that exposure to 2,4-D promotes
oxidative stress via the generation of free radicals and induces
lipid peroxidation in mammalian tissues [14, 15]. Recently,
Schreinemachers [16] has reported that human exposure to
2,4-D causes an alteration of lipid and carbohydrate metabo-
lism. The latter is a potential risk factor for myocardial infarc-
tion and the development of type 2 diabetes. In addition, the
work of Bors et al. [17] and Bukowska et al. [18] on human
erythrocytes have shown an alteration of certain antioxidant
enzymes such as erythrocyte catalase following exposure to
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2,4-D. Superoxide dismutase (SOD), glutathione peroxidase
(GPx), catalase (CAT), glutathione S-transferase enzymes and
non-protein elements such as reduced glutathione (GSH) are
part of the first line of defence in mammalian tissues [19].
Reactive oxygen species (ROS) are likely to deplete the activ-
ity of these systems; however, antioxidant molecules such as
vitamins E and C, and trace elements such as selenium and
zinc, are essential to strengthen the body’s antioxidant de-
fences and prevent oxidative damage [20, 21]. Selenium is a
highly important micronutrient in human nutrition [22],
known for its antioxidant properties [23, 24], and it functions
through the expression of selenoproteins [25]. Its biological
effects are directly related to its integration into the structures
of different proteins in the form of a cofactor or amino acid
[26], including glutathione peroxidase (GPx), seroprotein P
(seP) and thioredoxin reductase (TrxR) [27]. Selenium is im-
portant in several biochemical and physiological processes,
including the biosynthesis of coenzyme Q, regulation of ionic
flows through membranes, maintenance of keratinal integrity
and stimulation of antibody synthesis [28]. It plays a major
role in metabolic disorders including hyperlipidaemia,
hyperglycaemia and hyperphenylalaninaemia due to its anti-
oxidant properties [29]. Furthermore, it participates in the pro-
tection and repair of DNA [30] and can prevent atherosclero-
sis and cancer [31–33].

Recent studies have shown that the antioxidant and hepa-
toprotective activities of this trace element are effective
against a wide range of xenobiotics [34–38]. The aim of this
study is to attempt to thwart the effect of 2,4-D subchronic
toxicity through selenium supplementation in Wistar rats.

Materials and Methods

Chemicals and Reagents

The commercial formulation of 2,4-D used Désormone Lourd
EC. It was dosed at 600 g of 2,4-D acid (butyl glycol ester) per
litre of commercial solution, as available in Algeria, with reg-
ister number R.0947009, and were prepared by the addition of
appropriate volumes of distilled water.

Sodium selenite (Na2SeO3) was purchased from Sigma
Chemical Co. (St Louis, France), and reduced glutathione
(GSH), DTNB [5,5′-dithiobis-2-nitrobenzoic acid] and

thiobarbituric acid (TBA) were purchased from Sigma
Chemical Co. (St. Louis, France). All other chemicals were of
analytical grade.

Animals

In our study, we used 24 Wistar male rats from the Pasteur
Institute (Algiers, Algeria), aged 8 weeks, with an average
weight of 220 ± 10 g. Rats were kept in an animal facility at
a temperature of 22 ± 1 °C, with a photoperiod of 12 h/12 h
and 50–55% relative humidity of the air. A standard pellet diet
(ONAB; Bejaia, Algeria) and clean tap water were given ad
libitum throughout the study. After 2 weeks of adaptation, rats
were randomly divided into control and test groups.

Experimental Protocol

All experimental procedures were conducted according to the
International Guidelines for Laboratory Animal Care and Use
(Council of European Communities) [39] and were approved
by the University Ethics Committee.

Rats were treated as follows:

– Group I (control): rats received 1 mL of distilled water via
oral gavage.

– Group II (selenium): rats were treated with Se adminis-
tered by oral gavage at 0.2 mg/kg/b.w./day for 4 weeks.

– Group III (2,4-D): rats were treated with 2,4-D adminis-
tered by oral gavage at 5 mg/kg/b.w./day for 4 weeks.

– Group VI (2,4-D + Se): rats were treated with 2,4-D at a
dose of (5 mg/kg/b.w./day) and Se (0.2 mg/kg/b.w./day)
for 4 weeks. All chemicals were dissolved in distilled
water.

The dose of selenium used was chosen in a way that has
been suggested to provide protection against the oxidative
stress induced in several tissues [35] Additionally, the dose
of the pesticide was based on the previous study of Nakbi
et al. [40], in which (5 mg/kg/b.w.) of 2,4-D caused oxidative
damage.

Treatment continued for 4 weeks, and the weight of rats
was recorded daily in the morning at the same time. At the end
of the treatment period, rats were sacrificed by cervical decap-
itation, blood samples were immediately collected in polyeth-
ylene heparin and plain labelled tubes and these samples were
centrifuged at 2500×g for 15 min at 4 °C. The livers were
carefully removed, rinsed with a 0.9% NaCl solution and
weighed. Plasma and liver were stored at − 20 °C.

Preparation of Liver Homogenate

One gram of the liver was homogenized in 3 mL of phosphate
buffer (1:3 weight/volume PBS, pH 7.4), followed by a

Fig. 1 Chemical structure of 2,4-D (2,4-dichlorophenoxyacetic acid)
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centrifugation of the cell suspension (9000×g for 15 min at
4 °C), and the resulting supernatant was used to determine the
reactive substances of thiobarbituric acid (TBA), reduced glu-
tathione (GSH), protein carbonyl (PCO) and protein levels
and to measure GPx, GST and CAT enzymatic activity.

Biochemical Assays

The different biochemical parameters were measured by the
spectrophotometric method using ready-to-use kits. Spinreact
boxes were used for the determination of total protein (TP),
albumin (Alb), total bilirubin (TB) and serum enzyme activi-
ties of aspartate aminotransaminase (AST), alanine
aminotransaminase (ALT), alkaline phosphatase (ALP),
gamma-glutamyltransferase (γ-GT) and lactate dehydroge-
nase (LDH).

Protein Assay

Protein concentrations were measured spectrophotometrically
at 595 nm, according to the method of Bradford [41], using
bovine serum albumin as standard.

Determination of Lipid Peroxidation

Lipid peroxidation levels of hepatic homogenates were esti-
mated by measuring the formation of the substances reacting
with thiobarbituric acid (TBARS) using the Buege and Aust
method [42]. The absorbance of the TBA-MDA complex was
determined at 532 nm.

Determination of Reduced Glutathione

Liver glutathione (GSH) levels were estimated using a color-
imetric method as mentioned by Ellman (1959) and modified
by Jollow et al. [43]. based on the development of a yellow
colour when DTNB (5,5-dithio-bis-2-nitrobenzoic acid) is
added to compounds containing sulphhydryl groups. The ab-
sorbance was read at 412 nm, and the total GSH contents is
expressed as μmol GSH/mg protein.

Determination of Protein Carbonyl Levels

Protein carbonyl groups were measured in liver homogenate
by using the method of Levine et al. [44], the principle of
which is based on the carbonyl group reaction with 2,4-
dinitrophenylhydrazine (DNPH), thus leading to the forma-
tion of a stable 2,4-hydrazone (DNP) product, and the absor-
bance of the solution was measured at 370 nm.

Determination of Activities of Antioxidant Enzymes

The activity of glutathione peroxidase (GPx) (EC 1.11.1.9)
was measured at 420 nm, according to the Flohe and
Günzler technique [45]. The activity of superoxide dismutase
(E.C.1.15.1.1) was determined using the Beyer and Fridovich
method [46]. Activity was evaluated by measuring the ability
to inhibit the photo reduction of nitro blue tetrazolium (NBT).
Catalase (CAT) (EC 1.11.1.6) activity was measured using the
Aebi method [47], and this result is based on the enzyme’s
ability to induce the disappearance of hydrogen peroxide by
reducing the absorption capacity at 240 nm for 1 min. The
glutathione S-transferase (GST) (EC 2.5.1.18) activity was
determined through the use of the method of Habig et al. [48].

Histological Study

Liver fragments were rinsed with physiological water and
fixed in a Bouin solution for 24 h, and then liver portions were
stained with haematoxylin and eosin (H&E) [49].
Preparations were then dried and observed with the Leica
M18 optical microscope.

Statistical Analysis

The results were presented as the means ± standard error of the
mean (SEM), and the comparison between different groups
was performed after a variance analysis (ANOVA) followed
by Tukey’s post hoc test for multiple comparisons with
GraphPad Prism 7 software (Prism 7, version 7.00,
GraphPad Software, California, USA). Differences were con-
sidered significant when p < 0.05.

Results

Effect of Treatment on Body Weight and Absolute
and Relative Liver Weight

Body weight progressively increased throughout the study in
all groups and was associated with growth retardation in 2,4-
D-treated rats, although there were no significant differences
between them. A significant increase in the absolute and rel-
ative weight of the liver was recorded in the group treated by
2,4-D (+ 14.52% and + 23.87%, respectively) and in the (2,4-
D Se) group (+ 9.13% and + 12.84%) and in the relative
weight in the (2,4-D Se) group (+ 12.84%) compared with
the control group (Table 1).

Treatment Effects on Biochemical Parameters

Results observed after serum assays of biochemical parame-
ters are illustrated in Table 2. The results indicate a major
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metabolic disturbance. The administration of 2,4-D in rats
resulted in a very significant increase in TB, ASAT, ALP
and LDH (p < 0.01) and a significant increase in γ-GT and
ALAT (p < 0.05), which were accompanied by a decrease in
plasma contents of total protein and albumin (p < 0.05) com-
pared with control. However, the 2,4-D/Se combination dem-
onstrated a relative stability of these analysed parameters with
respect to TB, ASAT, LDH, ALP and LDH (p < 0.05).

Treatment Effects on Hepatic Oxidative Stress
Parameters

Regarding the oxidative stress effect of 2,4-D on the hepatic
protein fraction, our results showed a significant increase in
carbonyl protein groups and MDA (p < 0.01), and a decrease
in GSH(p < 0.05), in the 2,4-D-treated group compared with
the control group. However, supplementation with Se appears
to attenuate the oxidative effect of 2,4-D, resulting in a signif-
icant decrease in lipid peroxidation and protein carbonyl
(p < 0.05) and an increase in the GSH content (Table 3)

Treatment Effects on Antioxidant Enzyme Activities
in Liver

The oral administration of 2,4-D for 4 weeks of treatment
resulted in a highly significant decrease in SOD activity
(p < 0.01) and a significant decrease in the activities of GST,
GPx and CAT (p < 0.05) in liver tissues compared with the
control group. In contrast, the administration of Se revealed a
significant increase in GPx activity accompanied by improved
SOD and GST activities (p < 0.05) (Fig. 2, Fig. 3).

Histological Study

Representative photomicrographs of the control and 2,4-D-
treated rat liver sections are presented in Fig. 4.

The livers of control rats show normal hepatic cells and a
normal lobular architecture marked by the presence of hepatic
(H) pores separated by sinusoids (S) (Fig. 4a, b). However, in
2,4-D-treated animals (Fig. 4c–h), the severe alterations in the
architecture of hepatic tissue are shown, represented bymono-
nuclear cell infiltration with vacuole degeneration (DV)

Table 1 Body weight gain, and
absolute and relative weight of
liver in control (C) and treated rats
(Se; 2,4-D; 2,4-D + Se) for
4 weeks

Parameters Treatments

Control Se 2,4-D 2,4-D + Se

Initial weight (g) 223.33 ± 11.94 224.16 ± 9.86 226.66 ± 8.81 224.50 ± 9.95

Final weight (g) 278.83 ± 10.29 272.33 ± 9.74 264.37 ± 6.80 273.83 ± 8.59

Weight gain (%) 27.53 ± 3.85 21.76 ± 1.79 18.07 ± 1.61 23.28 ± 2.75

Absolute liver weight (g) 07.32 ± 0.25 07.29 ± 0.20# 08.36 ± 0.22* 07.95 ± 0.12

Relative liver weight (g/100 g b.w.) 02.51 ± 0.05 02.68 ± 0.09# 03.34 ± 0.12** 03.01 ± 0.08*

Values are given as the mean ± SEM. for groups of six animals each. Selenium (Se); 2,4-dichlorophenoxyacetic
acid (2,4-D). Significant difference compared with the control group (*p < 0.05, **p < 0.01). Significant differ-
ence compared with the 2,4-D-treated group (# p < 0.05)

Table 2 Plasma biochemical
parameters in control (C) and
treated rats (Se; 2,4-D; 2,4-D +
Se) for 4 weeks

Parameters Treatments

Control Se 2,4-D 2,4-D + Se

Total protein (g/L) 69.24 ± 5.48 72.39 ± 4.61# 52.18 ± 2.85* 58.17 ± 7.55

Albumin (g/L) 47.16 ± 1.89 45.72 ± 2.56# 39.02 ± 2.84* 42.05 ± 3.19

γ-GT (IU/L) 03.72 ± 0.49 03.94 ± 1.02 05.84 ± 0.33* 05.51 ± 0.84

TB (mg/L) 01.87 ± 0.20 01.94 ± 0.26 03.72 ± 0.18** 02.63 ± 0.35*

ASAT (IU/L) 140.17 ± 11.60 151 ± 8.01# 223.07 ± 9.43** 195.90 ± 7.63*

ALAT (IU/L) 54.65 ± 7.52 58.24 ± 7.34# 90.01 ± 11.50* 77.53 ± 4.02

ALP (IU/L) 127.68 ± 10.61 135.50 ± 14.45# 185.28 ± 8.30** 163.11 ± 9.25*

LDH (IU/L) 654.57 ± 50.94 611.66 ± 76.57## 1439.83 ± 145.77** 990.16 ± 119.31*#

Values are given as the mean ± SEM for groups of six animals each. Selenium (Se); 2,4 dichlorophnoxyacetic acid
(2,4-D); aspartate aminotransferase (ASAT); alanine aminotransferase (ALAT); alkaline phosphatase (ALP); γ-
glutamyl transferase (γ-GT); total bilirubin (TB); lactate dehydrogenase (LDH). Significant difference compared
with the control group (*p < 0.05, **p < 0.01). Significant difference compared with the 2,4-D-treated group
(#p < 0.05, ##p < 0.01)
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around a dilated centrilobular vein (VC) and hepatic sinusoid
congestion. Furthermore, the cytoplasm appeared to be exten-
sively vacuolated and contained large numbers of lipid drop-
lets (Fig. 4h). In the sections of 2,4-D selenium–treated rats, a
normal architecture of hepatic cells was shown, and we noted
a decrease in both the intensity of inflammation and the size of
the hepatic vein (Fig. 4i, j).

Discussion

‘Désormone Lourd’ based on 2,4-D is an herbicide widely
used in agriculture in Algeria, particularly to control the de-
velopment of adventitious cereal crops (soft wheat, durum
wheat, barley and oats).

The toxicity of 2,4-D has been the subject of several
experimental studies. These studies have shown that 2,4-
D inhibited the antioxidant enzyme system in a dose-
dependent manner and, thereby, promotes the occurrence
of liver damage [8, 15]. The present study was able to
focus for the first time on the protective effect of sodium
selenite supplementation on 2,4-D hepatotoxicity in rats.
In toxicology studies, the estimation of organ weights,
primarily the liver, appears to be a good indicator to

assess the harmful effects of xenobiotics [50, 51]. The
present study revealed a significant increase in relative
and absolute liver weight. This hypertrophy could be ex-
plained by enhanced solicitation of detoxification mecha-
nisms in response to the toxic effects of the herbicide. In
this sense, Maronpot et al. [52] and Sharma et al. [53]
reported that pesticide ingestion in rats is accompanied
by an increase in hepatic metabolism and renal excretion,
resulting in an increase in relative liver and kidney mass.
In addition, our results are consistent with those of Nakbi
et al. [40], which show that the administration of 2,4-D at
5 mg/kg body weight for 4 weeks in rats significantly
increased liver weight.

Likewise, Tayeb et al. [54] showed that the administration
of 2,4-D at doses of 15.75 and 150 mg/kg for 28 days in male
rats resulted in a significant increase in relative and absolute
liver weight. These weight variations correlate with liver tis-
sue alterations. Sinusoidal spaces, centrilobular vein conges-
tion and cellular necrosis were observed in rats receiving 2,4-
D. Our results are consistent with those of Nakbi et al. [10],
which showed that exposure to 2,4-D at 5 mg/kg body weight
for 4 weeks generates damage from vascularization and stim-
ulates hepatocyte necrosis. Similarly, Mountassif et al. [55]
and Deshmukh and Ramteke [13] have noted severe

Table 3 Reduced glutathione,
malondialdehyde and carbonyl
protein group levels in control (C)
and treated rats (Se; 2,4-D; 2,4-
D + Se) for 4 weeks

Parameters Treatments

Control Se 2,4-D 2,4-D + Se

GSH (μmol/mg prot) 01.68 ± 0.13 01.60 ± 0.08## 01.15 ± 0.05* 01.26 ± 0.07

MDA (nm/mg prot) 01.02 ± 0.07 00.97 ± 0.10## 01.49 ± 0.08** 0132.4 ± 0.05*

CPO (μmol/mg prot) 26.90 ± 1.50 25.39 ± 3.43## 41.60 ± 1.97** 35.61 ± 2.73*

Values are given as the mean ± SEM for groups of six animals each. Selenium (Se); 2,4 dichlorophenoxyacetic
acid (2,4-D); reduced glutathione (GSH); malondialdehyde (MDA); protein carbonyl (PCO). Significant differ-
ence compared with the control group (*p < 0.05, **p < 0.01). Significant difference compared with the 2,4-D-
treated group (#p < 0.05, ##p < 0.01)

Fig. 2 Enzymatic activity of GST (nmoles C-DNB conjugate formed/
min/mg protein) (a) and CAT (nmol H2O2/min/mg protein) (b) in the
liver in control and treated rats (Se; 2,4-D; 2,4-D + Se) for 4 weeks.
Values are given as the mean ± SEM of 6 rats. Selenium (Se); 2,4-

dichlorophenoxyacetic acid (2,4-D); glutathione S-transferase (GST); cat-
alase (CAT). Significant difference compared with the control group
(*p < 0.05). Significant difference compared with the 2,4-D-treated group
(#p < 0.05, ##p < 0.01)

232 Tichati et al.



alterations in liver architecture accompanied by cell necrosis.
These changes in biometric and histopathological parameters
correlate with the alteration in responses of hepatic enzyme
markers to the toxicity of herbicide. In fact, the administration
of 2,4-D at 5 mg/kg bodyweight for 4 weeks in rats resulted in
a solicitation of transaminases (AST, ALT), γ-GT, PAL, LDH
and bilirubin, with a decrease in total protein levels, especially
albumin. These biochemical changes highlight a cytolytic ef-
fect induced by 2,4-D. In this sense, Celik et al. [56] showed
that this herbicide could alter membrane permeability and leak
enzymes to the plasma. In addition, Al-Baroudi et al. [57]
noted an increase in ALAT activity, a marker of membrane
hepatocytic cytolysis.

This 2,4-D toxicity appears to be mediated by its pro-
oxidant effect, thus favouring the hyperproduction of free rad-
icals. The latter could interact with biological molecules such
as membrane and mitochondrial proteins, lipids and DNA,
thereby causing a malfunction of cellular metabolism.
Indeed [58], our results related to the indicator parameters of
oxidative stress state, namely the concentrations of MDA,
protein carbonyl and hepatic GSH content, in addition to the
quality of the responses of antioxidant enzymes, catalase,
SOD, GPx and GST, clearly support this hypothesis. Our re-
sults distinctly show that significant increases in lipoperoxide
and carbonyl protein groups in rats treated with 2,4-D at
5 mg/kg for 4 weeks are associated with decreases in hepatic
GSH concentrations, catalase activity, SOD, GPx and GST.
This response profile of 2,4-D supports an imbalance between
oxidants (free radicals) and antioxidants, which is the origin of
the installation of OS. Several recent studies have found high
levels ofMDA in 2,4-D-treated rats, similar to our results [40].
These rats are able to oxidize lipids by generating different
aldehydes such as MDA, a toxic compound that could alter
the fluidity and function of membranes [59]. In a recent study

on mouse hepatocytes, Dakhakhni et al. [15] indicate that 2,4-
D causes a deterioration in lipid polarity which makes them
vulnerable to free radical attacks.

In our work, the administration of selenium at 0.2 mg/kg
appears to exert a remedial and even protective effect against
the toxicity of 2,4-D at the hepatic level: this is revealed by the
restoration of serum enzyme markers, transaminases, ALP
and LDH, as well as by the restoration of protein levels, albu-
min and tissue architecture. This prophylactic effect of Se has
also been reported by Ben Amara et al. [60] and Djeffal et al.
[21] against the respective toxicities of dimethoate and
methomyl. Se supplementation could modulate the expression
of certain selenoproteins such as glutathione peroxidase 1,
methionine-R-sulfoxide reductase 1 (MsrB1), selenoprotein
S and selenoprotein P, which indirectly results in the decrease
in intracellular ROS [61].

The administration of Se to 2,4-D-treated rats has also been
proven able to reduce MDA and protein carbonyl levels, re-
inforcing the important role of Se as a shield against lipid and
protein oxidation [60, 61]. El-Demerdash and Nasr [35]
showed that selenium supplementation in the form of sodium
selenite (200 μg/kg/day) significantly reduced serumMDA in
rats treated with an organophosphorous pesticide, diazinon.

This antioxidant effect of Se is likely due to themodulation of
the body’s antioxidant capacities relating to the solicitation of
certain enzymes. In fact, the administration of Se in the 2,4-D-
treated group led to a considerable improvement in the enzyme
activities of GPx, CAT, GST and SOD. As a cofactor of many
antioxidant enzymes, such as glutathione peroxidase GPx and
thioredoxin reductase, Se can prevent the formation of free rad-
icals by increasing the activity of these enzymes within the target
tissues [34, 37, 38, 62]. The recent study of Xia et al. [63] on
hepatopancreas, gills and haemocytes of Anodonta woodiana, a
freshwater bivalve exposed to 2,4-DCP, 2,4,6-TCP and PCP, has

Fig. 3 Enzymatic activity of SOD (U/mg prot) (c) and GPx (μmol GSH/
mg prot) (d) in the liver in control and treated rats (Se; 2,4-D; 2,4-D + Se)
for 4 weeks. Values are given as the mean ± SEM of 6 rats. Selenium (Se);
2,4-dichlorophenoxyacetic acid (2,4–D); superoxide dismutase (SOD);

glutathione peroxidase (GPx). Significant difference compared with the
control group (**p < 0.01, *p < 0.05). Significant difference compared
with the 2,4-D-treated group (#p < 0.05, ##p < 0.01)
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highlighted the crucial role of the selenium-dependent glutathi-
one peroxidase in suppressing oxidative stress.

Conclusion

Based on the data from the present study, chronic exposure to
2,4-D caused hepatotoxicity in rats, resulting in increased lipid
peroxidation and increased free radical production that

impaired the hepatic antioxidant defence. Selenium supple-
mentation improves the ability of enzymatic antioxidants.
However, the precise mechanism of protection cannot be ver-
ified from the results of this study so practical investigations
are needed to determine the precise mechanisms of its action.
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Fig. 4 Representative
haematoxylin eosin–stained liver
sections from control Wistar rat
(a, b) or 2,4-D (c, d, e, f, g, h) and
selenium treatment (i, j) during
30 days. Staining was performed
to detect fibrotic areas (indicated
by red arrows); arrows: mononu-
clear cell infiltrates in the portal
system (PS), If: hepatic cells in-
flammation, lipids vacuoles
Asterix: i and j show normal he-
patic structure (NHpS). Sections
were observed at 400-fold mag-
nification (scale bars 50 μm)
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Compliance with Ethical Standards

All experimental procedures were conducted according to the
International Guidelines for Laboratory Animal Care and Use (Council
of European Communities) [39] and were approved by the University
Ethics Committee.
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