Effects of Selenium on Tebuconazole-Induced Hepatotoxicity in Adult Rats
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Abstract
The current study pertained to tebuconazole (TEB) toxicity in liver of adult mice and the corrective effects of selenium (Se). Male
Wistar rats were divided into three groups of six each: group I served as control; group II received by intraperetoneal injection
TEB alone (100 mg/Kg b.w), and group III was administered both TEB and Se (0.5 mg/kg of diet) for 30 days. Results showed that,

in the TEB-treated group, antioxidant enzyme activities (superoxide dismutase and catalase), lipid peroxidation, advanced
oxidation protein product, and protein carbonyl groups levels significantly increased, while glutathione peroxidase activity
decreased. Se co-administration through the rats’ diet restored these parameters to near normal values. Treatment with TEB
induced various histological changes in the liver, including leucocytic infiltration and cytoplasmic vacuolization, while treatment
with TEB and Se led to an improvement in the histological liver picture. Our investigation revealed, therefore, that Se was effective
in preventing TEB-induced hepatotoxicity.
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Introduction
Growing agricultural and industrial activities largely contribute to environmental pollution, thus affecting water systems
which are the end points of contamination [1]. Among the test chemicals, tebuconazole (TEB), a systemic fungicide of the
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azole group with protective, curative and eradicative action, can be mentioned. The presence of TEB in stream waters has
increased in recent years [2] and its concentrations detected in surface waters amount to 175-200 g/L [3]. TEB exhibited
antiandrogenic and feminizing effects on rat offspring [4]. In fact, it has been extensively used because of its effective role
against various mushroom, smut and bunt diseases. TEB constitutes, indeed, a potent xenobiotic, exposure to which can bring
about metabolic alterations and death to various organisms. It has been classified by the US EPA as Group C-Possible
Human Carcinogen [5]. Research on rats has shown that perinatal exposure to TEB produces immunological neurobehavioral
and neuropathological deficiency. However, information remains scarce as regards its effects on the liver tissue [4].
Considering the relationship between fungicide exposure and oxidative stress, the focus has been put on compounds with
antioxidant properties. In fact, Selenium is a trace element found in small amounts in the soil and food, and has a remarkable
variability in regional distribution and bioavailability [6]. It constitutes an essential dietary component for mammals,
including humans. It is also a structural component of several enzymes, including glutathione peroxidase (GPx) and
thioredoxine which play a key role in cellular oxidative defense, and have been shown to be induced by oxidative stress.
Selenium has been found to be implicated in a number of health issues. It is worth noting that selenium deficiency conditions
also affect all selenoproteins, to a different extent, depending on their place in the selenoprotein hierarchy.
The present investigation was, therefore, undertaken to elucidate the effect of tebuconazole on the liver tissue of adult rats, as
well as the protective role of selenium.

Materials and Methods
Animals
Adult rats purchased from the Central Pharmacy of Tunisia were housed at ambient temperature 21 ± 3°C and given
commercial diet and tap water ad libitum. The general guidelines for the use and care of living animals in scientific
investigation were closely followed [7].
Experimental design
Eighteen male rats of Wistar strain were randomly divided into three groups of six each. The group one represented controls
which received by intraperitoneal injection oil corn as vehicle; the second group received (100 mg/kg b.w) of TEB by
intraperitoneal injection, and animals of the third group (TEB+Se) were administered TEB (100 mg/kg b.w) with 0.5 mg/kg
of Se added to their diet. TEB and Se doses and manner of administration were chosen on the basis of available literature data
[8,9]. A 30-day treatment was then carried out.
Protein quantification
Liver protein content was determined according to Lowry et al. [10] using Bovine serum albumin as standard.
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Malondialdehyde (MDA) measurement
Liver MDA concentrations were measured according to the method of Draper and Hadley [11]. An aliquot of liver
homogenate and trichloroacetic acid was mixed and centrifuged at 2500 rpm. A volume of 1 mL thiobarbituric acid reagent
(0.67%) was added to 500 µL supernatant and heated at 90°C for 15 min. The mixture was then cooled and measured
spectrophotometrically at 532 nm. MDA values are expressed as nmol of MDA/g of liver.
Advanced oxidation protein product (AOPP)
AOPP levels were determined according to the method of Kayali et al. [12]. An amount of 0.4 mL of extract was treated with
0.8 mL phosphate buffer (0.1 M; pH 7.4). Two minutes later, a volume of 0.1 mL, 1.16 M potassium iodide was added to the
tube followed by 0.2 mL acetic acid. The reaction mixture absorbance was immediately measured at 340 nm. AOPP
concentration is expressed as μmol/mg protein.
Protein carbonyl (PCO) content
Liver PCO content was measured following the method of Reznick and Packer [13]. It was calculated based on the DNPH
molar extinction coefficient (ε 2.2 × 104 cm-1 M-1), and expressed as micromoles per milligram of protein.
Liver glutathione (GSH) contents
The contents of GSH in the liver were determined in accordance with the method described by Ellman [14] and modified by
Jollow et al. [15] based on the development of a yellow color when DTNB (5,5-dithiobis-2 nitrobenzoic acid) was added to
compounds containing sulfhydryl groups. Briefly, 3 mL of sulfosalicylic acid were added to 500 µL of liver homogenate in a
phosphate buffer. The mixture was then centrifuged at 2500 xg for 15 minutes, and the Ellman reagent added to 500 µL of
supernatant. Absorbance was measured at 412 nm. GSH content is expressed as mg/g of liver.
Antioxidant enzyme activities
Enzyme activities were determined in liver homogenates diluted in a phosphate buffer.
Total superoxide dismutase activity (SOD)
The estimation of SOD activity was done spectrophotometrically analyzed at 560 nm, according to the method of Beauchamp
[16]. The reaction mixture comprised 50 mM of liver homogenates in potassium phosphate buffer (pH 7.8), 13 mM
Lmethionine, 0.1 mM EDTA, 2 mM riboflavin and 75 mM nitroblue tetrazolium (NBT). The blue color developed in the
reaction was measured at 560 nm. SOD activity units are expressed as the amount of enzyme required inhibiting NBT
reduction by 50%, and the activity is expressed as units per mg of protein.
CAT activity was assayed by spectrophotometrically analyzed at 240 nm according to Aebi method [17]. The enzymatic
reaction was triggered by the addition of a 20 μl aliquot of the homogenized tissue and the substrate (H 2O2) to an 0.5 M
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concentration in a medium containing 100 mM phosphate buffer, pH 7.4. Absorbance changes were recorded at 240 nm.
CAT activity is expressed as μmoles H2O2 consumed/min/mg protein.
GPx activity was determined according to the method of Flohe and Gunzler [18]. GPx catalyzes by reduced glutathione
oxidation cumene hydroperoxide. Briefly, 200 μl of the homogenized tissue were added to 200 μl of the reduced glutathione
reductase (4 mM) and 100 μl of 100 mM phosphate buffer, pH 7.4. In the presence of nicotinamide adenine dinucleotide
phosphate reduced form (NADPH), the oxidized reduced glutathione is immediately converted to the reduced form with a
concomitant oxidation of NADPH- NADP+. Decrease in absorbance at 340 nm is measured, and the enzyme activity was
expressed as nmol of oxidized GSH/min/mg protein.
Histopathological examination
Liver samples were placed in a 10% buffered formalin solution, embedded in paraffin, sectioned at a 5 mm thickness, and
stained with hematoxylin-eosin for histological studies. Four slides were prepared from each liver. All sections were assessed
for the degree of tubular and glomerular injury.

Statistical Analysis
The data were analyzed using the statistical package program Stat view 5 Software for Windows (SAS Institute, Berkley,
CA). Statistical analysis was performed using one-way. Analysis of Variance (ANOVA) followed by Fisher’s Protected Least
Significant Difference (PLSD) test as a post hoc test for comparison between groups. All values were expressed as means ±
S.D. Differences were considered significant if p<0.05.

Results
Lipid peroxidation
Our results revealed, in TEB-treated rats, a significant increase in lipid peroxidation level in the liver, as evidenced by the
enhanced MDA levels. In fact, in the liver homogenate of TEB-treated rats, MDA levels significantly increased (175.86
nmol/g tissue) fold compared to control group (126.37 nmol/g tissue). Supplementation of Se to the diet of (TEB+Se) group
decreased MDA contents in the liver (146.43 nmol/g tissue) when compared to TEB group (FIG.1).

FIG. 1. Malondialdehyde (MDA) levels in the liver of adult rats controls or treated during 30 days with TEB or TEB+Se.
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Values are expressed as means ± S.D for 6 animals in each group. Comparisons are made between:
TEB and TEB+Se groups vs. control group: **p<0.01.
TEB+Se group vs. TEB group: +: p<0.05.

Liver AOPP levels

FIG. 2 shows values of AOPP, a marker of protein oxidative damage in the liver tissue of control and treated rats. A
significant increase of AOPP levels in liver homogenates was observed in TEB-treated rats (1.07 µmol/mg proteins) when
compared to controls (0.71 µmol/mg proteins). Supplementation of Se in the diet of TEB-treated rats resulted in a decrease of
liver AOPP levels (0.94 µmol/mg proteins) when compared to those of TEB-treated rats.

FIG. 2. Advanced oxidation protein products (AOPP) levels in the liver of adult rats controls or treated during 30 days
with TEB or TEB+Se.
Values are expressed as means ± S.D for 6 animals in each group.
Comparisons are made between:
TEB and TEB+Se groups vs. control group: * p<0.05; ** p<0.01.
Liver PCO levels
The levels of PCO in the liver tissue were increased (2.31 nmol/mg proteins) in TEB-treated rats when compared to controls
(1.36 nmol/mg proteins) (FIG. 2). Supplementation of Se in the diet of TEB-treated rats resulted in a decrease of liver PCO
levels (2.72 nmol/mg proteins) when compared to those of TEB-treated rats (FIG. 3).
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FIG.3. Protein carbonyl (PCO) levels in the liver of adult rats controls or treated during 30 days with TEB or TEB+Se.
Values are expressed as means ± S.D for 6 animals in each group.

Comparisons are made between:
TEB and TEB+Se groups vs. control group: ***p<0.001.
TEB+Se group vs. TEB group: +: p<0.05.

Antioxidant enzyme activities liver GSH levels
A significant increase of GSH levels in liver (+50%) was evident in rats exposed to TEB (TABLE 1). Supplementation of Se
decreased GSH levels in (TEB+Se) group when compared to TEB group.

Enzymatic antioxidant status in liver
Antioxidant enzyme activities of CAT, SOD and GPx of control and treated groups are represented in TABLE 1. TEB
treatment led to a significant increase in CAT activity by 47% in TEB group, compared to those of control group, while GPx
and SOD activities were significantly lower (-73% and -63% respectively) in TEB group than that of control.

TABLE 1. Enzymatic antioxidant activities (glutathione peroxidase, catalase and superoxide
dismutase) and the glutathione levels in the heart of adult rats controls or treated during 30 days with
TEB or TEB+Se.
Parameters and treatment

GPX

GSH

Catalase

SOD
+

Controls

7.10 ± 1.02

319.55 ± 28.08

403.44 ± 27.98**

152.38 ± 11.36

TEB

4.09 ± 0.81***

479.69 ± 19.4***

403.44 ± 27.98**+

93.29 ± 11.16***

TEB+Se

+

5.26 ± 0,86**

+

403.44 ± 27.98**

+

8.36 ± 0.33*

117.72 ± 13.43*+

GPx: nmol of GSH oxidized/min/mg protein.
CAT: nmol H2O2/min/mg protein.
GSH: μg/g tissue
TEB and TEB+Se groups vs. control group: *: p<0.05; **: p<0.01; ***: p<0.001.
TEB+ Se group vs. TEB group: +: p<0.05.
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Liver histopathology
Light microscopic examination indicated a normal structure of the liver in the controls (FIG. 4A). Exposure to TEB induced
degenerative changes in the organ. In fact, TEB causes infiltration of inflammatory leucocyte cells and hepatocyte
vacuolization (FIG. 4B and 4C). The severe liver damages significantly decreased when selenium was added in the diet of
TEB-treated rats compared with those treated only with TEB (FIG. 4C).

FIG. 4. Histological aspects in the liver tissue of the control (A) and treated rats with TEB or (B) or
TEB+Se (C).
Optic microscopy: Hematoxylin-eosin, X 400.
Arrows indicate:

Leucocyte inflammatory cells;

Congested central veins;

Hepatocyte vacuolization.

Discussion
The current study aimed to probe into the protective effect of Selenium against TEB-inflicted rat liver damage. MDA
constitutes one of the metabolic products of lipid peroxides generated by lipid oxidation reaction induced by oxygen-free
radicals in tissues. Our investigation revealed an increased MDA content in the liver of the TEB-treated group. Moreover, the
increased free radicals generation could lead to protein modifications, giving rise to a carbonyl group formation into side
chains and/or a reduction of sulphhydryl groups in susceptible amino acids [19].

It also revealed that ROS, probably generated by TEB treatment, induced an increase in PCO and AOPP levels, markers of
protein oxidative injury. Our results demonstrated that treatment with Se prevented lipid peroxidation and protein oxidation
in rats, and thereby diminished TEB-induced liver damage. Lipid peroxidation prevention might be derived from Se
capability to scavenge ROS.
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In addition, it could be suggested that the elevated lipid peroxidation level induced by TEB treatment might be brought about
by the decrease in antioxidant enzyme activities.

GSH is one of the essential cell function-regulating compounds. The increase of the GSH level observed in the TEB-treated
rats, compared with control, indicated that GSH depletion resulted in an enhanced lipid peroxidation [20]. The activity of
GSH antioxidant enzymes was significantly diminished in the Se group, as compared with control. Reduction in GSH activity
might be due to the decreased availability of its substrate and reduced glutathione [20].

GPx is a GSH-dependent antioxidant enzyme [20]. The biochemical function of Se containing GPx is to reduce lipid
hydroperoxides to their corresponding alcohols, and also to reduce free hydrogen peroxide to water [21]. SOD catalyzes
superoxide anion dismutation into hydrogen peroxide, which is then detoxified to hydrogen peroxide by Catalase, which is a
common enzyme found in nearly all living organisms and whose functions include catalyzing hydrogen peroxide
decomposition to oxygen and water [22]. Treatment with TEB alone caused significant changes in GPx, CAT and SOD
activities, while treatment with Se remarkably improved theses parameters.

Investigating liver dysfunction was correlated with hepatic histological studies. In fact, TEB treatment caused inflammatory
leucocytes infiltration, vacuolization and necrosis in the liver. These alterations could result from ROS generation which
interacted with biological target molecules, thus causing liver injury and TEB-induced membrane distribution. Se
supplementation enhanced liver structure regeneration.
In fact, normal liver cell architecture was shown after co-administration of Se in the TEB-treated rat’s diet. Results suggested
that Se could reduce TEB-induced liver injury. Indeed, Se acted as an antioxidant and inhibited the oxidative processes of
lipids and apo-proteins in cell membranes as reported by previous studies [23,24].

Conclusion
To conclude, the current study demonstrated that TEB enhances lipid peroxidation and protein oxidation associated with
increased levels of GSH and altered antioxidant enzyme activities (GPx, SOD and CAT), and induces impairments of
histological aspects in the liver of adult mice. Our results also showed that TEB-induced hepatotoxicity leads to liver injury
as a result of ROS generation. Se supplementation in TEB-treated rats improved oxidative stress. Accordingly, it should be
confirmed that the supplementation of a natural antioxidant may act as a protective agent against pesticide toxicity.
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