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Abstract

Bisphenol A, an everywhere chemical, is applied as a plasticizer in polycarbonate plastics, which often used in our

everyday products and in epoxy resins as protective coatings and linings for food and beverage cans for decades.

Human exposure to BPA may lead to adverse effects by interfering with oestrogen receptors. Our present study

was conducted to investigate the protective effects of selenium (Se) and vitamin E (Vit E) on BPA-induced dam-

age in the liver of male rats. Animals were randomly divided into four groups: the first group received olive oil

and served as control. The second group received both (Se + Vit E) (0.5 mg/kg diet; 100 mg/kg of diet). The third

one treated orally by (10 mg/kg b.w.) of BPA. The last group received (Se + Vit E) (0.5 mg/kg diet; 100 mg/kg of

diet) concomitantly with (10 mg/kg b.w.) BPA. Exposure to BPA for three weeks engendered a hepatic disorder.

An increased AST and ALT enzymatic activity was noticed in BPA-treated group as compared to other groups.

Furthermore, a change in glucose, cholesterol, LDL-C, HDL-C, albumin, and bilirubin level was remarkable.

Moreover, exposure to BPA increased malondialdehyde levels while reduced gluthatione content was decreased in

the liver homogenate. A decrease in glutathione peroxidase, glutathione s-transferase and catalase activities was

observed in the same group. Administration of selenium and vitamin E through the diet in BPA treated rats ame-

liorated the biochemical parameters cited above. In addition, an improvement in activities of liver enzymes was

recorded. The histological findings confirmed the biochemical results. The model of this study that we employed

characterized the relationships between BPA-induced hepatotoxicity and its alleviation by natural antioxidants like

selenium and vitamin E.
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INTRODUCTION

Bisphenol A (4, 4'-isopropylidenediphenol) is one of the

most ubiquitous synthetic chemical compounds in the

plastic production today (1). Previously, it was used as a

synthetic oestrogen usually prescribed to prevent miscar-

riage in pregnant women (2). Nowadays, it is widely used

as an antioxidant component in polycarbonate plastics,

epoxy resins and as a coating on metal lids for glass jars

and bottles, including containers used for infant recipe (3).

It is mostly acknowledged that BPA has harmful effects

on both animal and human health (4,5). Given studies

regarding BPA have generally focused on the reproduc-

tive system. In mammals, BPA binds and activates the two

estrogen receptors ERα and ERβ, though with an affinity

10,000-fold weaker than for their natural ligand 17β-estra-

diol (6). It may act via a G-protein-coupled receptor (GPR30),

acting as a trans-membrane estradiol receptor (7). Effects via
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other ligand nuclear hormone receptors, such as the thyroid

hormone receptor, the androgen receptor, and the glucocor-

ticoid receptors, have also been suggested (8). More

recently, the orphan nuclear receptor estrogen-related recep-

tor γ (ERR γ) has been shown to bind BPA at the nano-

molar range (5.6 nM) with high specificity (9). Therefore,

bisphenol A impairs male fertility and disrupting blood-

testis barrier (4,10). In addition, it is related to coronary

artery disease and may affect thyroid function (11,12), renal

disease and exhibits nephrotoxicity (13), oxidative stress

leading to mitochondrial dysfunction in liver (14). How-

ever, to date, no clear link between an in vivo effect of BPA

and one of these different targets has been determined.

The antioxidant defence system of our body depends on

large and various protection mechanisms to keep reactive

oxygen species (ROS) originating from endogenous or

exogenous sources at physiologically optimal levels (15).

Natural antioxidants supplementation are largely used to

scavenge oxidative impairment induced by these free radi-

cals. Since both Selenium and vitamin E possess biologi-

cal and antioxidant properties, they are recently used to

constrain oxidative damages (16-19). Selenium is a micro-

nutrient required in selenoproteins such as glutathione per-

oxidase (GPx) which ultimately allows the enzymes to be

even more reactive (17,18). On the other hand, vitamin E

is a fat-soluble antioxidant essential for the majority of

metabolic processes preventing lipid peroxidation. It has a

crucial role in anti-inflammatory processes, inhibition of

platelet aggregation, and immune enhancement (19,20).

Subsequently, vitamin E (α-tocopherol) is a chain-break-

ing antioxidant to inhibit the propagation step where the

alkyl radical reacts with molecular oxygen at a very high

rate, giving a peroxyl radical. α-tocopherol efficiently trans-

fers a hydrogen atom to a lipid free radical; α-tocopheroxyl

radicals and stops the chain reaction (21,22). Earlier stud-

ies had shown that dietary selenium and vitamin E intake

reinforces the level of glutathione peroxidase (23,24). In

addition, previous studies were occurred on the protective

effects of selenium alone or vitamin E alone on BPA-

treated animals. The results showed that selenium or vita-

min E ameliorated the toxicity induced by BPA in liver,

testis and lungs (25-27). Growing investigations had shown

that both selenium and vitamin E are more powerful to

scavenge ROS synergistically (16,28,29).

Further, the liver exhibits one of the highest antioxidant

enzyme capacity in the body. It is involved in many bio-

logical processes including glycogen storage, decomposi-

tion of red blood cells, plasma protein synthesis, detoxifi-

cation and others (30). According to data, this tissue is one

of the main targets of the bisphenol A and its metabolites

(3,14,31). Thus, the present study was conducted to evalu-

ate lipid peroxidation and oxidative stress induced by BPA

in liver rat, and the possible protective effect of selenium

and vitamin E supplementation, since it has not yet been

investigated.

MATERIALS AND METHODS

Reagents. BPA (C15H16O2, CAS # 80-05-7, Sigma

Aldrich, MO, USA) is a synthetic oestrogen used as a poly-

mer in the plastics output. IUPAC name: 4, 4'-(propan-2-

ylidene) diphenol (Fig. 1). Sodium selenite (Na2SeO3,

CAS # 10102-18-8, Sigma Aldrich). α-Tocophérol (C29H50O2,

CAS # 59-02-9, Vetoquinol Italia, Italy). All other chemi-

cal products used in this study were purchased from Sigma

Aldrich.

Experimental design. Twenty-eight male rats of Wis-

tar strain weighing (250~270 g) were obtained from the

Algerian Pasteur Institute (Algiers, Algeria). Food (stan-

dard diet, supplied by the ONAB/Food Unit of El-Kseur,

Bejaia, Algeria) and water were available ad libitum. Ani-

mals were acclimated for two weeks under conventional

conditions. The experiment took place for three weeks

successively, where rodents were randomly assigned into

four groups of seven individuals each as follow:

• Groups 1 was orally received olive oil and serving as

control

• Groups 2 was received selenium (0.5 mg/kg of diet)

and vitamin E (100 mg/kg of diet.)

• Groups 3 treated orally by 10 mg/kg.b.w. of bisphe-

nol A

• Groups 4 was concomitantly administered (Se + vit E)

with BPA

The dose of BPA used in this study represents 1/320 of

LD50 (10 mg/kg.b.w) which had been used previously by

other investigators since it is toxic but not lethal to rats

(32). The dose of selenium (0.5 mg/kg of diet) used in our

experiment and in other findings gave high protection

against stress conditions in several tissues (17,18). The

dose of vitamin E (100 mg/kg of diet) gave high protec-

tion against toxicity in an earlier study (33).

During treatment, body weight and food intake were

recorded periodically during the experiment weeks. After

an overnight fast, animals were sacrificed by decapitation

and blood samples were immediately collected into tubes

without anticoagulant and centrifuged at 5,000 rpm for

5 min. The separated serum was allocated into aliquots for

biochemical assays. Later, their livers were carefully

removed, weighed and were placed either in a buffer solu-

Fig. 1. Chemical structure of bisphenol A.
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tion of TBS (Tampon buffered saline, 50 mM Tris, 150

mM NaCl, pH 7.4) at a temperature of 4oC for oxidative

damage analysis, or in formol solution (10%) for histo-

pathological studies. One gram of liver was homogenised

in 2 mL of TBS by an ultrasound homogeniser. Homoge-

nates were centrifuged at 9,000 rpm for 15 min at 4oC, and

the supernatants were divided into aliquots and stored at-

20oC before being used. All experiments were fulfilled in

accordance with European Commission guidelines for the

accommodation and care of animals used for experimen-

tal and other scientific purposes (33).

Biochemical assays. The transaminase activities; aspar-

tate transaminase: AST and alanine transaminase: ALT,

albumin as well as total bilirubin, direct bilirubin, glucose,

cholesterol, LDL-C (Low Density Lipoprotein Choles-

terol), HDL-C (Height Density Lipoprotein Cholesterol)

and triglycerides were measured using commercial kits

obtained from Spinreact (Barcelona, Spain).

Lipid peroxidation levels and antioxidant status.
• Estimation of lipid peroxidation: Malondialdehyde

(MDA), which is the final product of polyunsaturated fatty

acids oxidation, was assessed as a marker for lipid peroxi-

dation and reacts with thiobarbituric acid (TBA) to pro-

duce a red coloured complex, which has peak absorbance

at 532 nm. Thus, 125 μL of supernatant were homoge-

nized by sonication with 50 μL of PBS, 125 μL of TCA-

BHT (trichloroacetic acid-butylhydroxytoluene) in order

to precipitate proteins, and then centrifuged (1,000 rpm for

10 min, at 4oC). Afterwards, 200 μL of supernatant were

mixed with 40 μL of HCl (0.6 M) and 160 μL of TBA dis-

solved in Tris, and then the mixture was heated at 80oC for

10 min. The absorbance of the resultant supernatant was

obtained at 530 nm. The amount of TBARS was calcu-

lated using a molar extinction coefficient of 1.56 × 105 M/

cm (34).

• Reduced glutathione level: Analysis of GSH level

was based on the development of a yellow colour when

DTNB is added to components having sulfhydryl groups

(35). In brief, 200 μL of 0.25% sulphosalicylic acid was

added to 800 μL of organ supernatant and tubes were cen-

trifuged at 1,000 rpm for 15 min. Supernatant 500 μL was

mixed with 1,000 μL phosphate buffer (0.1 M, pH 7.4)

and 25 μL of DTNB (10 mM). Finally, absorbance at 412

nm was recorded. Total GSH content was expressed as

(nmol GSH/mg protein).

• Assays of glutathione-S-transferase: The measure-

ment of the activity of GST is based on the conjugation

reaction of glutathione and 1-chloro, 2.4-dinitrobenzene

(C-DNB) which results a new molecule that absorbs light

at 340 nm (36).

• Assay of glutathione peroxidase activity: The Super-

natant obtained after centrifuging 5% of the liver at 10,000

rpm for 30 min at 4oC was used for GPx assay. Reaction

mixture of 1,000 μL was prepared which contained 300 μL

of phosphate buffer (0.1 M, pH 7.4), 200 μL of GSH (2

mM), 100 μL of sodium azide (10 mM), 100 μL of hydro-

gen peroxide (H2O2) (1 mM) and 300 μL of tissue super-

natant. After incubation at 37o for 15 min, the reaction was

terminated by the addition of 500 μL of TCA (5%). Tubes

were centrifuged at 1,500 g for 5 min and the supernatant

was collected. Totally, 200 μL of phosphate buffer (0.1 M,

pH 7.4) and 700 μL of DTNB (0.4 mg/mL) were added to

100 μL of reaction supernatant. After mixing, absorbance

was recorded at 420 nm (37).

• Assay of catalase activity: The reaction was started

by adding 20 μL of H2O2 (0.5 M) to 200 μL of superna-

tant and 780 μL of phosphate buffer (0.1 M, pH 7.4).

Later, the decomposition was monitored by following the

decrease in absorbance at 240 nm for 1 min. The enzyme

activity was calculated by using an extinction coefficient

of 0.043 mM−1 cm−1 (38).

• Protein assay: The protein content of supernatant

was spectro-photometrically estimated using bovine serum

albumin as standard (39).

• Histopathological examination: The liver was dis-

sected and was weighed in order to calculate organ/body

weight ratio for each animal. After weighing, tissue sam-

ples were fixed in 10% formol and proceed to routine his-

topathological process. Then, they were dehydrated in 70~

100% ethanol series and were embedded in the paraffin

baths at 58oC for paraffin inclusion. Sections of 4~6 μM

were prepared from paraffin blocks using a Leica Rotary

Microtomy (Wetzlar, Germany). These sections were then

stained with Hematoxylin-Eosin (H-E) according to stan-

dards. All slides were evaluated and photographed under a

light microscope (Leica DM 500, Leica light microscope,

Wetzlar, Germany).

• Statistical analysis: All the results were expressed

as Mean value ± SEM. Data comparisons were carried out

by using one way analysis of variance followed by post

hoc of tukey test to compare means between the different

treated groups. Differences were considered statistically

significant at p ≤ 0.05.

RESULTS

Effect of BPA on both body and liver weight. Body

weight of treated rodents with bisphenol A was increased

significantly compared to untreated animals (13% to

8.16%). After the first week of treatment, rodents progres-

sively gained weight until 331g at the end of the experi-

ment. Whereas, the body weight was maintained normally

in the mixture group [BPA + (Se + Vit E)] even lower than

the control and (Se + Vit E) groups (Table 1). However,

absolute and relative weight of liver did not reveal any

change between different groups.
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Effect of BPA on the changes of biochemical profile.
In Table 2, rats treated for 3 weeks with BPA had a higher

concentration of blood sugar compared to the control ani-

mals. However, no significant change was found statisti-

cally in the mean of the groups: (Se + Vit E) and [BPA/

(Se + Vit E)] compared to control group. Our data showed

that chronic exposure to BPA had engendered a hepatic

disorder. Where albumin was significantly declined in

the BPA-treated group compared to control. Whereas,

total bilirubin concentration was significantly increased

in the same group with no change in the direct bilirubin as

compared to non-treated rodents. Furthermore, the enzy-

matic activity of AST and ALT had shown a significant

increase in the BPA-treated rodents compared to the con-

trol ones. Likewise, lipid profile of BPA-treated rats pre-

sented a significant increase in total cholesterol, trigly-

cerides and LDL-C levels while the level of HDL-C was

decreased.

On the other hand, selenium and vitamin E supplemen-

tation significantly improved those dosed parameters above.

Indeed, total and direct bilirubin had shown a significant

decrease as well as the enzymatic activity of AST and

ALT. Likewise, total cholesterol, triglycerides and LDL-C

were decreased. However, albumin revealed a recovery

compared to the BPA-treated group.

Effect of BPA on lipid peroxidation and glutathione
contents. As shown in Table 3, a significant increase in

MDA level, the indicator of lipid peroxidation, after the

administration of BPA to rats as compared to control ones.

While rats treated concomitantly with BPA and (Se + Vit

E) showed a significant decrease in MDA concentration as

compared to BPA-treated group. On the other hand, BPA-

treated rats showed a significant decline in glutathione

content (GSH) as compared to controls. Nonetheless, sele-

nium and vitamin E co-treatment to BPA significantly

enhanced GSH content when compared to BPA-treated

group. Yet, this recovery of GSH was still lower than nor-

mal level.

Effect of BPA on antioxidants enzymes activities.
Data concerning antioxidant enzymes activity presented in

the Table 3, showed a significant decline in the GPx, CAT

and GST activities following a treatment with BPA. Yet, a

non-significant increase was noticed in the group receiv-

ing dietary (Se + Vit E) as compared to control. While rats

administered BPA and (Se + Vit E) concomitantly showed

a recovery as compared to BPA-treated group yet it is

Table 1. Effects of treatments on body weight (g), absolute (g) and relative liver weights (g/100 g bw), daily food intake (g) in
experimental groups

Parameters Control (Se + Vit E) BPA BPA/(Se + Vit E)

Initial body weight (g) 275.66 ± 4.2a 271.83 ± 2.91a 270.25 ± 2.51a 0270.5 ± 2.31a

Final body weight (g) 00.300 ± 5.94b 310.62 ± 6.91b 0345.5 ± 9.4a 291.75 ± 5.3 b

Body gain weight (%) 008.16 ± 2.35b 008.87 ± 1.51b 000.19 ± 2.03a 0003.8 + 2.13b

Absolute liver weight (g) 008.12 ± 0.58a 007.92 ± 0.36a 08.374 ± 0.35a 008.28 ± 0.3a

Relative liver weight(g/100 g bw) 0002.6 ± 0.1a 0002.7 ± 0.11a 02.934 ± 0.1a 002.63 ± 0.05a

Food intake (g/day/rat) 019.75 ± 0.77a 0021.7 ± 0.9a 017.62 ± 1b 017.09 ± 2.7b

Values are given as mean ± SEM for groups of 7 animals each.
a-cMeans in a row without a common superscript letter differ (p < 0.05) as analyzed by two-way ANOVA and the TUKEY test.

Table 2. Effects of treatments on plasma biochemical parameters of control and treated rats

Parameters Control (Se + Vit E) BPA BPA/(Se + Vit E)

Glucose (g/L) 001.31 ± 0.05b 001.54 ± 0.07b,a 001.65 ± 0.08a 01.53 ± 0.08b,a

Cholesterol (g/L) 000.98 ± 0.07b 000.89 ± 0.01b 001.32 ± 0.08a 01.02 ± 0.04b

LDL-C (g/L) 000.13 ± 0.01b 000.18 ± 0.01b 000.24 ± 0.03a 00.17 ± 0.01b

Triglycerides (g/L) 000.49 ± 0.01b 000.44 ± 0.02b 000.80 ± 0.05a 00.55 ± 0.02b

HDL-C (g/L) 000.28 ± 0.02a 000.26 ± 0.01a,b 000.21 ± 0.01c 00.25 ± 0.01a,b

Albumin (g/L) 033.74 ± 1.25a 030.76 ± 0.94a 029.19 ± 0.72b 33.69 ± 0.83a

Total bilirubin (mg/dL) 002.11 ± 0.02c 002.14 ± 0.04c 002.49 ± 0.03a 02.27 ± 0.117b

Direct bilirubin (mg/dL) 000.14 ± 0.01a 000.14 ± 0.01a 000.15 ± 0.01a 00.16 ± 0.01a

ALT (U/L) 107.71 ± 3.78b 124.29 ± 5.26b 155.71 ± 5.15a 0.131 ± 4.14a

AST (U/L) 089.14 ± 4.38c 093.29 ± 5.67c 132.43 ± 6.09a 0.115 ± 4.42b

Values are given as mean ± SEM for groups of 7 animals each.
a-cMeans in a row without a common superscript letter differ (p < 0.05) as analyzed by two-way ANOVA and the TUKEY test.
LDL-C: Low Density Lipoprotein Cholesterol; HDL-C: Height Density Lipoprotein Cholesterol; ALT: Alanine Transaminase; AST: Aspartate
Transaminase.
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inferior to control groups.

Effect of BPA on hepatic histology. A liver section

of control rat was showing a healthy parenchyma, nor-

mal hepatic plates radiating from a thin walled central

vein (green arrow) separated by blood sinusoids lined by

endothelial cells. While, the liver tissue of BPA treated

rats shows congestions of hepatoportal blood vessels (blue

arrow), inflammatory infiltrations (black arrow) and

degeneration of hepatocytes (asterisk) with necrotic foci

scattered throughout the liver (N). Liver section of both

(Se + Vit E) and the fourth group where rats received both

dietary Selenium and vitamin E with BPA showed less

inflammatory infiltrations as compared to treated rats with

only BPA (Fig. 2). The histopathological changes are graded

and summarized in Table 4. Histological grading was made

according to four severity grades: − (none); + (mild); ++

(moderate) and +++ (severe).

DISCUSSION

The present study was carried out to determine the anti-

oxidant capacities of both selenium and vitamin E to

restore the hepatic damage induced by bisphenol A to

male rats. Our results showed a significant increase in the

energetic profile parameters such as glucose, cholesterol,

LDL-C and triglycerides associated with an overweight

following BPA administration compared to non-treated

rats. In another hand, relative and absolute liver weight

remained unchanged in all dosage groups as compared

with the control animals. This is in line with some previ-

ous observations in human populations where elevated

concentration of urinary BPA was associated with an

increased waist circumference as an abdominal obesity

factor in Korean adults (5). It seems to down control adi-

pose tissue metabolism, endocrine hormone systems, and

the central hypothalamic-pituitary-adrenal axis (40). Spe-

cifically, it has been found that low concentrations of BPA

induce lipid accumulation mediated by the production of

reactive oxygen species in the mitochondria of HepG2

cells (41). However, these findings were not accorded with

some studies that have reported a decreased body weight

in response to developmental BPA exposures (42), and

some others have found no significant effects on body

weight, relative or absolute liver weight (43).

As well, activity of enzymes liver function such as

aspartate transaminase and alanine transaminase and total

bilirubin level was increased comparably to the control rats.

Previous studies reported same findings where increased

doses of BPA increased the biochemical levels of ALT,

AST, ALP and total bilirubin (44,45). However, after being

fed with selenium and vitamin E concomitantly with BPA,

a recovery of balance was noticed comparing to control

rodents. Which endorse the powerful effects of both sele-

nium and vitamin E to restore the hepatic toxicity of reac-

tive oxygen species generated by several environmental

pollutants including BPA (46,47). In fact, there is a grow-

ing evidence that nutritional supplements are the essential

elements in almost all biological systems and could pro-

vide an important dietary source of antioxidants. They lat-

ter constrain membrane lipids peroxidation by scavenging

lipid peroxyl radicals, and is consequently converted into

α-tocopheroxyl radical (16,17).

It is acknowledged that hepatic GSH (L-gamma-Glu-

tamyl-L-cysteinyl-glycine) acts as an electrophile, radical

scavenger, and a redox partner. GSH may also serve as a

Table 3. Effects of BPA on MDA and GSH levels, and liver antioxidant enzymes activities of control and treated rats

Parameters Control (Se + Vit E) BPA BPA/(Se + Vit E)

MDA (nmol/mg prot.) 000.89 ± 0.05b 000.87 ± 0.05b 1.248 ± 0.12a 000.99 ± 0.05a,b

GSH (nmol/mg prot.) 0141.1 ± 14.20a 130.42 ± 3a 93.02 ± 5b 124.84 ± 7.57a

GPx (nmoles GSH/min/mg prot.) 0320.2 ± 11.6a 290.27 ± 9a 192.2 ± 10.1c 0229.4 ± 6.38b

GST (nmol C-DNB/min/mg prot.) 015.48 ± 0.4a 015.31 ± 0.27a 07.37 ± 0.25b 011.03 ± 0.55a

CAT (µmoles H2O2/min/mg prot.) 120.52 ± 5.61a 0125.6 ± 4.56a 95.06 ± 5.9b 115.19 ± 6.24b

Values are given as mean ± SEM for groups of 7 animals each.
a-cMeans in a row without a common superscript letter differ (p < 0.05) as analyzed by two-way ANOVA and the TUKEY test.

Table 4. Semi-quantitative recording of architectural damage on histopathological analysis of the liver of control and treated rats

Parameters
Treatment groups

Control (Se + Vit E) BPA BPA/(Se + Vit E)

Degeneration of hepatocytes − − ++ −

Congestions of hepatoportal blood vessels − − ++ +
Inflammatory infiltration − + +++ +
Necrotic foci − − ++ −

(−) indicates normal, (+) indicates mild, (++) indicates moderate, and (+++) indicates severe.
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cofactor for several drug-metabolizing enzymes (i.e., GSTs)

where it is consumed, or for antioxidant enzymes (i.e.,

GPx) where it serves as a redox partner (47). During oxi-

dation, GSH forms a dimer, glutathione disulfide (GSSG),

which, in turn, can be reduced by the enzyme GR at the

expense of NADPH (48). The reduction in activities of

antioxidant enzymes in our study is in line with several

studies that reported same disorders (49). The failure of

the primary antioxidant system to act against free radicals

generated may reflect the inability of liver mitochondria

and microsomes to eliminate hydrogen peroxide pro-

duced after exposure to bisphenol A. This may also be due

to enzyme inactivation caused by excess ROS production

in mitochondria and microsomes (31). These findings are

linked to histopathological changes in treated animals.

Where, liver tissue of BPA treated rats shows congestions

of hepatoportal blood vessels (blue arrow), inflammatory

infiltrations (black arrow) and degeneration of hepato-

cytes (asterisk) with necrotic foci scattered throughout the

liver (N). Although, experimental studies have shown that

BPA is rapidly metabolized and excreted in rodents (50).

It was reported an accumulation of bisphenol A in several

target organs (brain, gonads and liver) following three oral

doses (0.1, 10 or 100 mg/kg) of 14C-bisphenol A in Fischer

344 female rats (51). In addition, previous studies con-

firm that human environmental exposure to BPA is contin-

uously as an inhaled or swallowed dust or by ingestion of

migrated polymer from polycarbonates (52,53).

Dietary Selenium and vitamin E attenuated the above

findings. Antagonism between (Se and Vit E) and BPA

was noticed where a decline of lipid peroxidation and a

recovery of antioxidant enzymatic activities of GPx, GST

and CAT were recorded in the fourth group. This amelio-

ration is reflected by a reduced inflammatory infiltration

in the hepatic tissue. In a previous study, it was reported

that selenium effectively reinforces cellular antioxidant

Fig. 2. Histologic sections stained with Hematoxylin-Eosin (H&E) show the liver of the experimental groups: (A) control rats, (B)
(Se + Vit E) treated rats, (C) BPA treated rats, (D) (Se + Vit E)/BPA treated rats. (A) Liver section of control rats showing a healthy
parenchyma, normal hepatic plates radiating from a thin walled central vein (green arrow) separated by blood sinusoids lined by
endothelial cells, polyhedral hepatocytes contained rounded vesicular nuclei ×100. (B) Liver section of (Se + Vit E) treated rats show-
ing a healthy hepatic architecture ×100. (C) The histo-architecture of the liver tissue of BPA treated rats shows congestions of hepa-
toportal blood vessels (bleu arrows), inflammatory cellular infiltrations (black arrow) and degeneration of hepatocytes (asterisk) with
necrotic foci scattered throughout the liver (N) ×100. (D) The liver section of (Se + Vit E)/BPA treated rats show few inflammatory
cellular infiltrations (black arrow) ×100.
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activity against atrazine-induced changes in rats by increas-

ing hepatic glutathione, glutathione peroxidase, superox-

ide dismutase activity, and ascorbate content while hepatic

catalase activities decreased (47-49). In addition, previous

studies demonstrated crucial effects of selenium and vita-

min E in synergy (16,25,29,50-55), selenium alone (17,18)

and vitamin E alone (19,20,56). Therefore, an earlier study

reported that selenium-deficiency and vitamin E-deficiency

are susceptible to induce body functional abnormalities

such as haemolysis of erythrocytes (57,58). Collectively,

co-treatment of selenium and vitamin E revealed a signifi-

cant reduction in lipid peroxidation content and an improve-

ment in GSH level. In addition, a reinforcement of enzymatic

activities of the liver was found. Nonetheless, more stud-

ies are needed to evaluate their repairing capacities on his-

topathological changes.
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