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Abstract 
 

Vitamin E (a-Tocopherol [a-Toc]) is the primary membrane bound, lipid-soluble, chain-breaking 

antioxidant that has been reported to protect against lipid peroxidation-induced tissue damage. Therefore, the 

present study was designed to investigate the protection afforded by Ŭ-Tocopherol (vitamin E), if any, on 

LPS-induced liver injury in Wistar rats and to study the underlying mechanism of protection. Bacterial 

endotoxin (10 mg/Kg body weight-prestandardized dose) was injected intraperitoneally and animals were 

sacrificed 8 h post-challenge. Vitamin E (35 mg/Kg body weight) was administered orally for 15 days prior 

to endotoxin challenge. Challenge with LPS resulted in a significant increase in the activities of serum 

transaminases and alkaline phosphatase along with histological alterations in the liver. These responses were 

associated with elevated levels of malondialdehyde (MDA) and reduced levels of glutathione, superoxide 

dismutase and catalase along with increased levels of tumor necrosis factor alpha (TNF-Ŭ) in the liver 

homogenates. However, vitamin E supplementation attenuated the oxidative stress by reducing the levels of 

MDA, restoring the levels of glutathione, superoxide dismutase and catalase and decreasing the levels of 

TNF-Ŭ. Decreased TNF-Ŭ levels after vitamin E supplementation might have resulted into the modulation of 

above mentioned biochemical changes resulting into amelioration of hepatic architecture. Vitamin E, 

therefore, seems to have a promising role for clinical manifestations due to oxidative stress.  
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1.  Introduction 

 

Lipopolysaccharide (LPS) or endotoxin, 

among the principal components of all Gram-

negative bacteria, has been extensively studied as 

a major factor contributing to the pathogenesis of 

Gram-negative bacterial infections [1]. Endotoxin 

is a highly conserved cell wall component that is 

recognized by the immune system of higher 

vertebrates as a pathogen-associated molecular 

pattern (PAMP) and can elicit a systemic 

inflammatory response [2, 3].  

LPS binding to immune cells initiates a 

cascade of events that up-regulate expression of 

the inflammatory cytokines including TNF-a [2, 

4, 5]. TNF-a stimulates the production of reactive 

oxygen species (ROS) and reactive nitrogen 

intermediates (RNIs) by activated macrophages 

causing liver damage due to the oxidative stress 

[6-9]. Additionally, LPS induces migration of 

activated polymorphonuclear leukocytes (PMNs) 

into the liver which constitutes another source of 

free radicals [10]. The oxidative stress thus 

generated, induces a rapid alteration in the 

antioxidant systems by depleting the cellular 

stores of endogenous antioxidants such as 

superoxide dismutase, catalase, glutathione and 

vitamin E [1, 11, 12]. One approach to combat the 

bacterial product-induced oxidative stress is the 

use of antioxidant treatments through 

intraperitoneal, intravenous, or dietary 

administration [2, 13].  

Vitamins are ideal antioxidants to increase 

tissue protection from oxidative stress due to their 

easy, effective and safe dietary administration in a 

large range of concentrations [3, 14]. Vitamin E 

(a-Tocopherol [(a-Toc]) is the primary membrane 

bound, lipid-soluble, chain-breaking antioxidant 

that protects cell membranes against lipid 

peroxidation [15-18]. Vitamin E pre-treatment has 

been reported to be beneficial in preventing 

formaldehyde-induced tissue damage in rats [16, 

19]. The preventive effect of vitamin E on 

cypermethrin or endotoxin-induced oxidative 

stress in rat tissues is suggestive of its antioxidant 

activity [1, 20-24]. In addition to its antioxidative 

properties, treatment with vitamin E incorporated 

in liposomes has been shown to be beneficial in 

down-modulating airway inflammation induced by 

inhaled endotoxin and thereby providing 

significant protection against lung injury [25].  

Since liver is implicated in almost all 

biological processes, its damage induces severe 

consequences of metabolism, immune response, 

detoxification and antimicrobial defense. 

However, not much information is available with 

respect to the effect of vitamin E on LPS-induced 

liver damage. The present study was therefore, 

carried out to evaluate the effect of vitamin E 

against oxidative liver injury in experimentally-

induced endotoxemic rats. 
 

2. Materials and methods  

 

2.1 Agents 

Lipopolysaccharide (LPS from E. coli 

serotype 0111:B4) and Ŭ- Tocopherol were 

obtained from Sigma Aldrich Chemicals, St. 

Louis, MO, USA. The preparations were made 

fresh every time before the commencement of the 

experiment.  

 

2.2 Animals 

Female Wistar rats (150-200g) were procured 

from Central Animal House, Panjab University, 

Chandigarh (India). The animals were allowed 

free access to food (Ashirwad Industries Pvt Ltd, 

Punjab, India) and water ad-libitum. All 

experimental protocols were approved by the 

Institutional Animals Ethics Committee, Panjab 

University, Chandigarh (India). 

 

2.3 Experimental design  

Rats were divided into following groups each 

comprising of at-least 6-8 rats. For all the groups, 

dose of LPS was prepared in water for injection 

and that of Ŭ- Tocopherol was prepared in olive 

oil. (1)  Control group: Rats in this group were 

administered normal saline i.p., (2) Vehicle group 

(VEH): Rats in this group were administered olive 

oil orally (solvent for Ŭ- Tocopherol) for 15 days, 

(3) Ŭ- Tocopherol (TC) per se group: Animals in 

this group were supplemented with Ŭ- Tocopherol 

(35mg/kg body weight) orally for 15 days, (4) 

LPS challenged group: Rats in this group 

received a dose of LPS (10mg/kg body weight, 

pre-standardized dose) i.p., (5)  Ŭ- Tocopherol 

supplemented + LPS challenged group (TC + 
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LPS): Animals in this group were supplemented 

with Ŭ- Tocopherol (35mg/kg body weight) orally 

for 15 days and then challenged with endotoxin on 

16
th

 day 

Animals in all these groups were sacrificed 8 

hrs post-endotoxin challenge by cervical 

dislocation. Livers were removed quickly, rinsed 

in cold phosphate buffer saline (0.05 M, pH 7.4) 

and stored at -20
¯
C till further use.  

 

2.4 Markers of liver damage 

 

2.4.1  Assessment of liver function 

Blood was collected by retro-orbital puncture 

from rats before they were sacrificed. Alanine 

aminotransferase (ALT) and aspartate 

aminotransferase (AST) enzyme activities in 

serum were determined by the method 

recommended by International Federation of 

Clinical Chemistry (IFCC) using ERBA test kits 

(ERBA Diagnostics, Mannheim, Germany). 

Alkaline phosphatase (ALP) was estimated by the 

p-nitrophenyl phosphate method recommended by 

German Society for Clinical Chemistry using 

Enzopak Diagnostic kit (Reckon Diagnostics, 

India). 

 

2.4.2 Histological studies 

 Liver tissues removed aseptically from all the 

groups were cut into small pieces and fixed in 10 

% buffered formalin. Samples were processed, 

stained with haematoxylin-eosin and examined 

under the light microscope. Histological 

processing and interpretation was done by Dr. B. 

N Datta, Ex-Professor of Pathology, Post Graduate 

Institute of Medical Education and Research, 

Chandigarh. 

 

2.5 Mechanistic studies 

To carry out the biochemical estimations, 

liver homogenates were prepared. Briefly, livers 

removed aseptically from all the groups were 

rinsed in isotonic saline solution and weighed. A 

25% (w/v) tissue homogenate in each case was 

prepared in 0.05 M phosphate buffer saline (pH 

7.4) using a Potter Elvehjen homogenizer. An 

aliquot of the liver homogenate was used for the 

estimation of lipid peroxidation and reduced 

glutathione levels. For the estimation of 

superoxide dismutase and catalase activities, post 

mitochondrial preparation was made. For this, the 

remaining tissue homogenates were centrifuged at 

12,000 rpm for 20 min at 4 C̄ in a refrigerated 

centrifuge. The supernatants thus obtained were 

called as the post mitochondrial supernatants 

(PMS). 

 

2.5.1 Extent of peroxidative liver damage 

The quantitative measurement of lipid 

peroxidation in liver was performed according to 

the method of Wills [26]. The amount of 

malondialdehyde (MDA) formed, which is a 

measure of lipid peroxidation, was assayed by the 

reaction with thiobarbituric acid (TBA). In brief, 

to 0.5 ml of liver homogenate, 0.5 ml of Tris-HCl 

buffer (0.1 M, pH 7.4) was added and the mixture 

was incubated at 37 C̄ for 2 h. Following 

incubation, 1.0 ml of 10% (w/v) ice-cold 

trichloroacetic acid (TCA) was added and the 

mixture was centrifuged at 1,000 rpm for 10 

minutes. To 1.0 ml of supernatant (obtained after 

centrifugation), 1.0 ml of 0.67% (w/v) TBA was 

added and the mixture was kept in boiling water 

bath for 10 min. After cooling the tubes with tap 

water, 1.0 ml of distilled water was added and 

absorbance was measured at 532 nm. The results 

were expressed as nanomoles of MDA per 

milligram of protein, using the molar extinction 

coefficient of chromophore (1.56 X 10
5
 M

-1
cm

-1
) 

for which protein content of tissue homogenates 

was calculated according to the method of Lowry 

et al. [27]. 

 

2.5.2 Liver glutathione (GSH) assay 

GSH levels in the livers were estimated 

according to the method of Jollow et al. [28]. 1.0 

ml of liver homogenate was precipitated with 1.0 

ml of 4% sulphosalicylic acid. The samples were 

kept at 4 C̄ for at least 1 h, and then subjected to 

centrifugation at 2000 rpm for 15 min at 4 C̄. The 

assay mixture contained 0.1 ml of supernatant, 0.2 

ml of 0.01 M, 5, 5ô-dithiobis 2-nitrobenzoic acid 

(DTNB) and 2.7 ml phosphate buffer (0.1 M, pH 

8.0) in a total volume of 3.0 ml. The mixture was 

kept at room temperature for 10 min. The yellow 

color that developed was measured at 412 nm. The 

results were expressed as micromoles of GSH per 

milligram of protein. 
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2.5.3 Liver superoxide dismutase (SOD) and 

catalase activities 
 SOD activity was assayed according to the 

method of Kono [29]. The reaction was initiated 

by the addition of 0.5 ml of hydroxylamine 

hydrochloride to the reaction mixture containing 

2.0 ml nitroblue tetrazolium (NBT) and 0.1 ml 

PMS of liver homogenate. Change in absorbance 

was measured spectrophotometrically at 560 nm. 

SOD activity was expressed as units of SOD per 

milligram of protein where one unit of activity is 

defined as the amount of SOD required to inhibit 

the rate of reduction of NBT by 50%. 

 The catalase activity was assayed by the 

method of Luck [30]. The assay mixture consisted 

of 3.0 ml H2O2-phosphate buffer (0.05 M, pH 7.0) 

and 0.05 ml of PMS taken directly in a cuvette. 

Change in absorbance was recorded 

spectrophotometrically at 240 nm. The results 

were expressed as millimoles of H2O2 decomposed 

per min per mg protein using the molar extinction 

coefficient of the chromophore (0.0394 mM
-1

 cm
-

1
). 

 

2.5.4 Liver TNF-Ŭ assay 

Assay for tumor necrosis factor (TNF-Ŭ) was 

performed by ELISA in the liver homogenate in 

all the groups by commercially available cytokine 

assay kit (R&D Systems, USA) according to the 

manufacturers instructions. Briefly, standards for 

TNF-Ŭ were dispensed in the 96 well microtitre 

plates pre-coated with monoclonal antibody 

specific for rat TNF-Ŭ. To each of the designated 

wells, 50 µl of each test sample and 50 µl of assay 

diluent was added, the plates were sealed with 

acetate plate sealer and incubated at room 

temperature for 2 h. Plates were then washed five 

times with the wash buffer and 100 µl of rat TNF-

Ŭ conjugate was dispensed into each well. Plates 

were again sealed and incubated at room 

temperature for 2 h, after which they were washed 

five times with the wash buffer and 100 µl of 

substrate solution was dispensed into each well. 

Plates were finally incubated at room temperature 

(in dark) for 30 min. 100 µl of the stop solution 

was added into each well to stop the reaction and 

absorbance was read at 450 nm. The results were 

expressed as picogram/ml of the TNF-Ŭ released. 

The ELISA was sensitive to 5 picogram/ml of the 

TNF-Ŭ released. 

 

2.6 Statistical analysis 

 Results were expressed as Mean ± S.D. The 

inter group variation was measured by one way 

analysis of variance (ANOVA) followed by 

Fisherôs least significant difference test. The 

statistical analysis was done using Jandel Sigma 

Stat Statistical Software version 2.0. Statistical 

significance of the results were calculated atleast 

at p<0.05. 

 

3. Results 

 

3.1 Liver function tests  

LPS caused a marked rise in serum levels of 

AST (259.01° 48.71 IU/L vs. 140.03°46.93 

IU/L), ALT (129.77 ° 48.56 IU/L vs. 63.06 ° 8.04 

IU/L) and ALP (870.87 ° 139.52 IU/L vs. 251.63 

° 50.97 IU/L). The activities of liver enzymes 

were decreased significantly (p<0.05) on 

supplementation with tocopherol. Tocopherol per 

se had no effect on liver enzyme levels (Fig. 1a-

1c). 

 

3.2 Hepatic histoarchitechture 

Histological evaluation of liver tissues did not 

reveal any morphological alterations in the control 

group (Fig. 2a) and tocopherol per se (Fig. 2b). In 

contrast, livers of LPS-administered rats showed 

marked morphological disruption such as portal 

triaditis, Kupffer cell hyperplasia, necrosis and 

lymphocytic infiltration (Fig. 2c, 2d). 

Supplementation with tocopherol resulted in 

significant morphological protection (Fig. 2e, 2f). 

 

3.3 Malondialdehyde levels 

LPS caused a significant increase in lipid 

peroxidation as compared to control rats 

(125.71 ° 41.85 nanomoles/mg protein vs. 

51.45 ° 8.48 nanomoles/ mg protein in 

control). However, tocopherol significantly 

(p<0.01) attenuated LPS-induced increase in liver 

MDA levels (Fig. 3) when rats were supplemented 

with tocopherol for 15 days before LPS challenge. 
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Fig. 1a 
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Fig. 1b 
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Fig. 1c 

 
Fig 1a-1c:  Effect of Tocopherol on (a) AST (b) ALT 

and (c) ALP levels in LPS-challenged rats compared to 

control or tocopherol administered rats. Values are 

expressed as mean ± SD. *p<0.05 vs. control, Vehicle 

and Tocopherol per se; #p<0.05 vs. LPS. 

 

 

 

 
Fig. 2a 

 

 
Fig. 2b 

 

 
Fig. 2c 
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Fig. 2d 

 

 
Fig 2e 

 

 
Fig 2f 

 
Fig. 2a-2f: (2a) Photomicrograph of the normal / 

control liver of Wistar rat showing normal liver 

morphology (100 x); (2b) Photomicrograph of rat liver 

of tocopherol per se group showing normal liver 

morphology (100 x); (2c) Photomicrograph of liver 8 

hours after LPS administration to rats showing two 

adjacent portal tracts showing considerable portal 

triaditis with some breach of lamina limitence 

indicating development of chronic hepatitis (100 x); 

(2d) Photomicrograph of liver 8 hours after LPS 

administration to rats showing portal triaditis (portal 

tract distended with mononuclear cell infiltration). 

Surrounding liver showing significant Kupffer cell 

hyperplasia (100 x); (2e) Photomicrograph of rat livers 

supplemented with tocopherol (35mg/kg) for 15 days 

before LPS challenge showing moderate degree of 

lymphocytes and plasma cells in the portal tracts. The 

portal tracts are expanded but intact. Hepatocytes are 

normal (100 x); (2f) Photomicrograph of rat livers 

supplemented with tocopherol (35mg/kg) for 15 days 

before LPS challenge showing normal liver. Liver cells 

show mild diffuse microvesicular fatty change only 

(400 x). 

 

0

20

40

60

80

100

120

140

160

180

200

C
o

n
tr

o
l

V
E

H

T
C

L
P

S

T
C

 +
 L

P
S

M
D

A
 (

n
a
n

o
m

o
le

s
/m

g
 p

ro
te

in
)

*

# 

 
Fig 3:  Effect of Tocopherol on liver MDA levels in 

LPS-challenged rats compared to control or tocopherol 

administered rats. Values are expressed as mean ± SD. 

*p<0.05 vs. control, Vehicle and Tocopherol per se; 

#p<0.05 vs. LPS. 

 

3.4 Glutathione levels  

LPS caused a significant decrease in GSH 

levels (0.28 ° 0.06 m moles/mg protein vs. 

0.52°0.12 m moles/ mg protein in control). 

Tocopherol supplementation significantly 

ameliorated LPS-induced depletion of GSH 

(p<0.05). However, tocopherol per se did not 

result in a significant alteration of GSH levels 

(Fig. 4).  

 

3.5 Levels of antioxidant enzymes 

LPS significantly reduced the levels of liver 

SOD and catalase as compared to the control 
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group (1.9 and 1.5 fold, respectively). Tocopherol 

supplementation in LPS- challenged rats increased 

the SOD level in both pre and post-LPS 

challenged groups by 1.6 and 1.4 fold, 

respectively at p<0.05. However, the increase in 

SOD activity was significant even at p<0.01 in 

LPS challenged rats which were supplemented 

with tocopherol for 15 days (Fig. 5a). Catalase 

activity was also significantly increased at p<0.05 

only in tocopherol supplemented and LPS 

challenged group by 1.32 fold (Fig. 5b). Animals 

in the group treated with only tocopherol did not 

show any significant change in the antioxidant 

enzyme levels. 
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Fig 4:  Effect of Tocopherol on liver GSH levels in 

LPS-challenged rats compared to control or tocopherol 

administered rats. Values are expressed as mean ± SD. 

*p<0.05 vs. control, Vehicle and Tocopherol per se; 

#p<0.05 vs. LPS. 
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Fig. 5a 
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Fig. 5b 

 
Fig 5a and 5b:  Effect of Tocopherol on (5a) SOD 

activity and (5b) catalase activity in LPS-challenged 

rats compared to control or tocopherol administered 

rats. Values are expressed as mean ± SD. *p<0.05 vs. 

control, Vehicle and Tocopherol per se; #p<0.05 vs. 

LPS. 

 

 

3.6 Liver TNF-Ŭ levels 

LPS challenge caused a marked rise in the 

levels of TNF-a compared to the control group 

(609.0 ° 104.0 pg/ml vs. 260.0 ° 75.0 pg/ml 

in control). Administration of tocopherol pre-

LPS challenge significantly decreased the levels of 

TNF-Ŭ by 1.48 fold at p<0.05 (Fig. 6).  
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Fig 6:  Effect of Tocopherol on TNF-Ŭ levels in LPS-

challenged rats compared to control or tocopherol 

administered rats. Values are expressed as mean ± SD. 

*p<0.05 vs. control, Vehicle and Tocopherol per se; 

#p<0.05 vs. LPS. 
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4. Discussion 

 

Antioxidants are being investigated for their 

ability to prevent cardiovascular, hepatic and 

pulmonary damage caused by LPS-induced 

production of ROS, peroxides and cytokines [14]. 

Vitamin E has been shown to protect the liver in 

several models of liver injury via inhibiting 

oxidative damage [16, 19, 21, 31-34]. The present 

study was therefore designed to study the detailed 

mechanism of protection offered by vitamin E 

against LPS-induced liver damage in rats in terms 

of biochemical, histological and immunological 

parameters. 

The serum transaminases, AST and ALT and 

ALP show functional activity of liver.  An 

increase in the activities of these enzymes 

indicates a generalized effect due to the toxin. 

Administration of tocopherol before LPS 

challenge resulted in a significant reduction in the 

serum levels of these enzymes. These results are 

in accordance with the earlier studies where pre-

treatment with vitamin E has been reported to 

confer protection against such changes in 

formaldehyde and monosodium glutamate 

induced-hepatotoxicity and oxidative stress in rats 

[16, 33]. Protective effects of tocopherol in 

reducing the levels of hepatic markers correlated 

well with the histological findings in the present 

study. Supplementation with tocopherol decreased 

the incidence and severity of LPS-related 

histologic changes (like expanded but intact portal 

tracts, reduction in lymphocytic infiltration in the 

portal tracts). This observation is in accordance 

with results reported by Coskun et al. [35]. The 

anti-inflammatory effect of vitamin E may be 

indirectly related to inhibition of chemotaxis of 

neutrophils through inhibition of protein kinase C, 

5-lipoxygenase, tyrosine-kinase and 

cyclooxygenase, as has been suggested by Singh 

et al. [36]. 

Lipid peroxidation can cause changes in 

membrane fluidity and permeability and increase 

the rate of protein degradation, which eventually 

lead to cell lysis. Vitamin E has been used to 

prevent oxidative damage by interrupting the 

propagation of the oxidation of polyunsaturated 

fatty acids. In the present study also, vitamin E 

supplementation showed an antiperoxidative effect 

in the rat liver tissues by significantly decreasing 

the LPS-induced rise of liver MDA levels. This 

effect of vitamin E may be explained by its direct 

free radical scavenging property [37-39], which 

suggests that by preserving cellular integrity, it 

can protect against endotoxin-induced organ 

damage. Earlier also, the scavenging effect of 

vitamin E has been reported to attenuate 

endotoxin-induced oxidative stress in rat brain and 

sickness behavior in mice [2]. In the present study, 

inhibition of chemotaxis of leucocytes by vitamin 

E might have reduced the MDA levels, thus 

modulating the oxidative stress. 

Host cells are protected from oxygen-derived 

radical injury by naturally occurring free-radical 

scavengers and antioxidant pathways, including 

vitamins A, C, and E, glutathione, SOD, catalase, 

and glutathione peroxidase. However, the 

antioxidant defense mechanism fails either due to 

overproduction of free radicals or decreased 

activities of scavenging enzymes, or both, causing 

lipid peroxidation [40, 41]. Vitamin E activity has 

been mainly related to a peroxidase-contained 

complex antioxidant system defense, such as 

catalase and glutathione peroxidase [42]. 

Therefore, an increase in these antioxidant 

enzymes after vitamin E administration was 

expected.  

In the present study, significant decrease in 

the activities of SOD and catalase along with 

reduced GSH levels was observed in the liver 

tissues from LPS challenged rats. This may result 

in hampered dismutation of superoxide anions and 

inefficient detoxification of H2O2 which results in 

formation of OH
· 

ions
 
enhancing the peroxidation 

of membrane lipids thereby leading to oxidative 

damage in many tissues [43]. However, vitamin E 

supplementation was observed to increase the 

levels of GSH, SOD and catalase significantly in 

the LPS-challenged animals in the present 

investigation. Improvement of antioxidant status 

in vitamin E supplemented groups is in agreement 

with earlier findings [1, 16, 31, 33, 34, 41].  

Increased TNF-Ŭ has been repeatedly shown 

to play a pivotal role in LPS-induced liver injury 

[5, 44]. TNF-Ŭ is a multifunctional cytokine 

secreted by activated macrophages, monocytes, 

neutrophils and NK-cells. In addition to its direct 

cytotoxic effects, it is able to induce chemokines, 
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macrophage chemotactic protein-1 and vascular 

cell adhesion molecule-1, which are the key to 

hyper inflammation and consequent liver damage 

[45-48]. Cellular sensitivity or resistance to TNF-Ŭ 

is correlated with decreased or increased levels of 

SOD respectively [49-51]. In the present study 

also, increased levels of TNF-Ŭ after LPS injection 

correlated with the increased level of peroxidation 

and decreased activities of SOD and catalase. 

Tocopherol significantly decreased the levels of 

TNF-Ŭ in LPS challenged groups. Corroborating 

with the present data, Bellezzo and colleagues [52] 

have shown that tocopherol suppresses LPS-

mediated activation of TNF- Ŭ production by 

Kupffer cells, suggesting thereby that vitamin E, 

in addition to inhibiting oxidative stress within 

hepatocytes, may also act to suppress Kupffer cell 

activation during liver injury.   

In conclusion, the potential of vitamin E to 

maintain hepatic architechture along with 

significant decreases in biochemical parameters 

indicative of oxidative stress suggest the usage of 

vitamin E as an efficient strategy for the 

prophylactic management of LPS-induced liver 

tissue injury.  
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