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Abstract: Zinc oxide nanoparticles (ZnO-NPs) are used in many industries and medications, increasing the exposure to 
ZnO-NPs that may have harmful side effects. So, we studied the hepatotoxic effect of ZnO-NPs and explored the role of 
vitamin E in the reduction of their toxic effects. Forty male albino rats, divided into four groups (10 rats per group) were 
included in the study; control group, ZnO-NPs intoxicated group, vitamin E control group and vitamin E protected ZnO-NPs 
intoxicated group. ZnO-NPs were given in a dose of 400 mg / kg body weight for seven days. Vitamin E was given in a dose of 
100 mg / kg body weight for four weeks. Our results showed that ZnO-NPs induced liver damage indicated by significant 
increase of serum ALT and AST and significant decrease of serum albumin and total protein levels. Moreover, ZnO-NPs 
induced oxidative stress in the liver suggested by significant elevation of malondialdehyde level and significant reduction of 
reduced glutathione level, glutathione peroxidase activity and glutathione peroxidase-1 expression in liver homogenate. 
Furthermore, ZnO-NPs caused significant increase in the serum pro-inflammatory biomarker, tumor necrosis factor alpha 
(TNF- α). On the other hand, vitamin E alleviated the liver damage, oxidative stress and the elevated serum TNF- α induced by 
ZnO-NPs. 

Keywords: Zinc Oxide Nanoparticles (ZnO-NPs), Vitamin E, Liver, Oxidative Stress,  
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1. Introduction 

Nanoparticles (NPs) possess different physical and chemical 
properties, making them extremely important for and to be used 
on a wide scale of biological, medical and industrial applications 
[46]. Zinc oxide nanoparticles (ZnO-NPs) are widely used in 
industrial and costumer products including sunscreens, 
toothpastes, paint formulations, as food additive and as 
photocatalyst for pollution control [48]. Therefore, the utilization 
and release of ZnO-NPs to the environment are increasing 
leading to the appearance of the adverse effects on human and 
animal health which may be due to its cumulative effect. [9, 46]. 

The small particle size of NPs including ZnO-NPs creates 
large surface area per unit mass, thus increasing surface 
reactivity of NPs in the cells and their ability to produce reactive 
oxygen species (ROS) [13]. Therefore, NPs may cause more 
inflammation than larger particles of the same materials at the 
same dose [60]. 

NPs can enter the human body through different routes as 
ingestion and inhalation [13]. Due to their small size, NPs can 
translocate through epithelial and endothelial cells into the 
circulatory and lymphatic systems to reach body tissues and 
organs as liver, kidneys, heart, spleen and bone marrow where 
they induce cell damage by oxidative stress and/or organelle 
injury [2, 45, 61]. 

Oxidative stress and ROS mediated damage are one of the 
most harmful toxic effects of NPs. Oxidative stress occurs when 
the generation of ROS from NPs in the body exceeds the ability 
of the body to neutralize and eliminate them [33]. 

ROS describe a number of highly reactive molecules derived 
from the metabolism of molecular oxygen such as superoxide 
radicals, hydroxyl radicals, hydrogen peroxide, nitric oxide, lipid 
alkoxyl and peroxyl radicals. They react with macromolecules 
(lipids, proteins, DNA) within the cell, with one of the most 
frequent effects being lipid peroxidation that is oxidation of the 
polyunsaturated fatty acids that largely comprise the cell 
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membranes. Lipid peroxidation is commonly quantified in 
research studies by measuring the accumulation of the by-
products that result from this process as malondialdehyde 
(MDA) [23]. 

Glutathione peroxidase (GPx) is one of the important 
antioxidant enzymes. It reduces free hydrogen peroxides and 
lipid hydroperoxides in order to protect the cells from oxidative 
damage [40]. GPx requires reduced glutathione (GSH) for its 
action in conversion of hydrogen peroxide to water. Also GSH 
has direct antioxidant activity, by donation of hydrogen ions to 
repair damaged DNA [32]. GSH acts not only as a reducing 
agent and a major antioxidant within the cells, but also as a 
mediator of several other physiologic reactions as metabolism of 
xenobiotics and cellular signaling (cell-cycle regulation, cellular 
proliferation and apoptosis) [35]. 

Several isozymes of GPx are encoded by different genes. 
They vary in cellular location and substrate specificity. 
Glutathione peroxidase-1 (GPx-1), the most abundant one is 
present in the cytoplasm of nearly all mammalian tissues, and is 
thought to be the main cellular scavenger of H2O2 [39]. Also it 
can metabolize a range of organic peroxides, including 
cholesterol and long-chain fatty acid peroxides. It is very 
specific for glutathione as reducing substrate [6]. 

ZnO-NPs increase the level of hydrogen peroxide and 
hydroxyl radicals and also decrease the level of glutathione. 
Large amounts of ROS are generated even with using a small 
amount of ZnO-NPs [9]. 

Tumor necrosis factor alpha (TNF-α) is considered a 
proinflammatory cytokine that has an important role in the 
inflammatory response. Its production is induced by multiple 
factors as viruses, parasites, other cytokines, and endotoxins. 
TNF-α action is mediated by two cell surface receptors, TNF-α 
receptor 1 and TNF-α receptor 2 [27]. TNF-α receptor 1 is 
widely distributed, while TNF-α receptor 2 is limited to cells of 
hematopoietic origins. TNF-α receptor 1 produces most of the 
TNF-α cellular responses, including activation of nuclear factor 
kappa beta (NFκB) and apoptosis [22, 28]. Serum TNF-α was 
reported to increase secondary to ZnO-NPs toxicity [62]. 

Vitamin E is an effective antioxidant and anti-inflammatory 
agent that prevents the propagation of oxidative stress, 
especially in biological membranes in animals and humans [2]. 

This study was designed to investigate the hepatotoxic effect 
of ZnO-NPs, the role of oxidative stress in this effect, and to 
evaluate the antioxidant and hepatoprotective effects of vitamin 
E in ZnO-NPs induced hepatotoxicity. It is to be emphasized 
that the GPx-1 gene expression and its relation to GPx activity in 
response to vitamin E and/or ZnO-NPs administration in 
experimental animals were not evaluated before. 

2. Materials and Methods 

2.1. Animals and Grouping 

Forty male albino rats with average body weight 125 gm 
were used in this study. Rats were obtained from United Co. 
for Chemical and medical preparation, Cairo, Egypt. Animals 
were housed in separate metal cages. Fresh and clean 

drinking water was supplied ad libtium. The animals were 
left for 15 days for acclimatization before the beginning of 
the experiment. Rats were kept at constant nutritional and 
environmental condition throughout the period of 
experiment. Animal experiments were performed with 
compliance of the local ethical committee. 

The rats were divided into four groups (10 rats per group). 
Group I was used as a control. Group II was the ZnO-NPs 
intoxicated group that was administered 400mg ZnO-NPs / 
kg body weight for seven days. Group III was the vitamin E 
control group and was administered 100mg vitamin E / kg 
body weight for four weeks. Group IV was vitamin E 
protected ZnO-NPs intoxicated group in which vitamin E 
was given in a dose of 100mg/kg body weight as a protection 
for three weeks before administration of ZnO-NPs then 
vitamin E was continued for another one week in 
combination with ZnO-NPs, which was given in a dose of 
400mg/kg body weight. 

ZnO nanopowder; product number 544906, and the oily 
preparation of vitamin E provided by SIGMA Aldrich-USA, 
were given orally using a stomach tube with the above 
mentioned doses according to Somayeh and Mohammad 
(2014) [50] and Al-Rasheed et al. (2014) [2] respectively . 
ZnO nanopowder had a particle size of < 100nm and a 
Specific Surface Area of 15-25 m2/g. 

2.2. Biochemical Serum Assay 

Blood samples were obtained from the retro-orbital venous 
plexus, after that blood was collected and centrifuged to 
separate serum for biochemical analysis of (ALT, AST, total 
proteins, albumin and TNF-α). 

2.2.1. Serum ALT, AST, Total Proteins and Albumin Levels 

Estimation 

Serum ALT, AST, total proteins and albumin levels were 
estimated using kits supplied by Diamond Diagnostics, Egypt 
according to the manufacturer instructions. 

2.2.2. Serum TNF-α Level Estimation 

Serum TNF-α level was measured using Quantikine® 
ELISA Rat TNF-α Immunoassay kit manufactured by R&D 
Systems, Inc,USA. 

2.3. Biochemical Assay and Gene Expression Analysis of 

the Liver Tissue 

The collected Liver specimens after scarification of the 
rats were divided into two portions; the first was rapidly 
washed with saline to avoid its drying, weighted and 
processed for determination of MDA level, GSH level and 
GPx activity. The second portion was rapidly freezed at -
80°C till determination of GPx-1 gene expression using real 
time PCR. 

2.3.1. GSH Concentration Estimation 

GSH concentration was measured in the liver tissue 
homogenate according to the method described by Beutler et 
al. (1963) [8]. 
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2.3.2. GPx Activity Determination 

GPx activity in the liver tissue homogenate was 
determined following the method described by Paglia and 
Valentine (1967) [42]. 

2.3.3. MDA Level Determination 

L-malondialdehyde was determined colorimetrically 
according to the method described by Ohkawa et al. (1979) 
[41]. 

2.3.4. GPx-1 Gene Expression Analysis 

i. Total RNA Extraction: 
Extraction of total RNA from the liver tissue was 

performed using Direct-zol™ RNA MiniPrep kit-
Zymosearch-USA according to the manufacturer instructions. 
Extracted RNA was evaluated for purity and quantity using 
nanodrop 1 (Thermoscientific, USA). 
ii. Reverse Transcription step: 

Total RNA (200ng) in a 20 µl reaction was reverse 
transcribed into cDNA using SensiFAST™ cDNA Synthesis 
Kit- Biolin, United Kingdom according to the manufacturer 
instructions. 
iii. Real Time PCR for relative quantitation of GPx-1 gene 

expression: 
Real time PCR was performed using SensiFASTTM 

SYBR No-ROX kit supplied by Bioline, United Kingdom. 
The 20 �	L reaction mix contained 10 �	L 2x SensiFAST 
SYBR No-ROX Mix, 0.8 �	L of forward primer, 0.8�	L of 
reverse primer, 4 �	L of cDNA, and 4.4 �	L RNase-free 
water. Amplification of GPx-1 and the house keeping gene 
GAPDH were done in separate PCR tubes. Primers 
sequences were as follows: GPx-1 (forward): 
AGTTCGGACA TCAGGAGAATGGCA, GPx-1 (reverse): 
TC ACCATTCACCTCGCACTTCTCA [20], β-actin 
(forward): AAGTCCCTCACCCTCCC AAAAG and β-actin 
(reverse): AAGCAATG CTGTCACCTTCCC [43]. The real-
time PCR conditions included initial 95°C for 2 min. 
followed by 35 cycles of 95°C for 5 sec. and 60°C for 30 sec. 
Melting curve analysis was done to ensure specificity. 

Relative expression of GPx-1 was calculated as ∆Ct, 
measured by subtracting the Ct of the target GPx-1 from that 
of the β-actin. Lower ∆Ct values indicated higher expression 
level of GPx-1. Fold expression changes were calculated 
using the equation 2−∆∆ct [29]. This was done using the 
web-based software of SABioscience; Single or Multi-Gene 

qPCR Assays of the RT2 Profiler PCR Array Data Analysis 
Version 3.5. This software calculates the average fold change 
with 95% confidence interval (95% CI). 95% CI for the Fold 
Change value is calculated according to the following 
equation: 

95% CI = (FC - 1.96 * σFC, FC + 1.96 * σFC) Where: 
σFC= FC * ln2 * sqrt ( σx

2/ nx+ σy
2/ ny). 

FC:fold change 
σx: standard deviation of ∆Ct of test group 
σy: standard deviation of ∆Ct of control group or the 

calibrator group used. 
nx: number of test group. 
ny: number of control group or the calibrator group. 

2.4. Statistical Analysis 

SPSS version 22 software was used for statistical analysis. 
Suitable statistical techniques were calculated as mean, ±SD. 
One way ANOVA & LSD as post hoc test were used as tests 
of significance. Pearson correlation was done to correlate the 
different laboratory parameters with each other [49]. 

3. Results 

3.1. Serum ALT, AST, Total Proteins and Albumin Levels 

(Table 1) 

The current study showed non significant changes of 
Serum ALT, AST, total proteins and albumin levels in 
vitamin E control group compared to the control group. 
Moreover, it revealed significant elevation of Serum ALT and 
AST levels and significant reduction of serum total proteins 
and albumin levels in the ZnO-NPs intoxicated group 
compared to the control group. 

On the other hand, significant reduction of Serum ALT and 
AST levels and significant elevation of serum total proteins 
and albumin levels were found in vitamin E protected group 
compared to ZnO-NPs intoxicated group. However, serum 
total proteins and albumin levels in spite of elevation were 
still significantly lower than those of the control group and 
vitamin E control group, while serum ALT and AST levels 
reached non-significant levels compared to the control group 
and vitamin E control group. 

Table 1. Liver function tests in the different study groups (Mean± SE). 

Parameter Control Vitamin E ZnO-NPs Vitamin E + ZnO-NPs 

ALT (U/L) 23.45 ±0.34 23.83 ±0.44 a 101.29 ±0.52 b** 24.06 ±0.36 a * # 

AST (U/L) 46.28 ±0.36 46.35 ±0.38 a 113.82 ±0.24 b** 47.11 ±0.33 a * # 

Total protein(g/dl) 6.90 ±0.13 7.06 ±0.11 a 3.51 ±0.17 b** 6.19 ±0.13 b** # 

Albumin (g/dl) 3.40 ±0.11 3.36 ±0.18 a 2.36 ±0.11 b** 3.10 ±0.13 b *** # 

ap>0.5, bp<0.001 compared to control group. 
*p>0.5, **p<0.001, ***p=0.001 compared to vitamin E control group. 
#p<0.001 compared to ZnO-NPs intoxicated group. 
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3.2. Liver Tissue MDA Level, GSH Level and GPx Activity 

(Table 2) 

Vitamin E administration alone caused non significant 
decrease of liver MDA level and significant improvement of 
the antioxidant status of the liver indicated by the significant 
increase of GSH level and GPx activity compared to the 
control group. 

On the other hand, there was significant increase of MDA 
level and significant decrease of GSH level and GPx activity 

in the ZnO-NPs intoxicated group compared to the control 
group. 

Coadministration of vitamin E with ZnO-NPs caused 
significant decrease of MDA level and significant increase of 
GSH level and GPx activity compared to ZnO-NPs 
administration alone. However, MDA level was still 
significantly higher and the GSH level was still significantly 
lower than in the control group. On the other hand, GPx 
activity was significantly better than in the control group. 

Table 2. Liver MDA, GSH and GPx in the different study groups (Mean± SE). 

Parameter Control Vitamin E ZnO-NPs Vitamin E + ZnO-NPs 

MDA (nmol/g) 30.81 ± 0.39 30.74 ± 0.51 a 51.71 ± 0.52 b** 34.90 ± 0.42 b**# 

GSH (nmol/g) 35.17 ± 0.34 43.08 ± 0.58 b 10.84 ± 0.25 b** 33.73 ± 0.47 b**# 

GPx (U/mg protein) 0.354 ± 0.11 0.445 ± 0.15 b 0.025 ± 0.13 b** 0.384 ± 0.11 c**# 

ap>0.5, bp<0.001, cp<0. 01 compared to control group. 
**p<0.001 compared to vitamin E control group. 
#p<0.001 compared to ZnO-NPs intoxicated group. 

3.3. Liver Tissue GPx-1 mRNA Expression Levels: (Figures 

1, 2, 3) 

Vitamin E administration caused significant fold 
increase of liver tissue GPx-1 expression with a fold 
change of 37.27 with 95% CI of (19.85- 54.69) compared 
to the control. 

Analysis of the fold change in the liver tissue 
expression level of GPx-1 in ZnO-NPs intoxicated group 
compared to control group revealed significant fold 
decrease of 5.9 (fold change of 0.17 and 95% CI of [0.09, 
0.25]). 

Coadminstration of vitamin E with ZnO-NPs caused 
significant fold increase of GPx-1 gene expression 
compared to ZnO-NPs intoxicated group with fold change 
of 36.25 and 95% CI of (28.95, 43.55). Moreover, GPx-1 
gene expression in vitamin E protected group showed 
significant fold increase of 6.15 with 95% CI of (3.28, 
9.02) compared to control group. However, GPx-1 gene 
expression in vitamin E protected group showed 
significant fold decrease of 6.06 (fold change of 0.16 and 
95% CI of [0.13-0.19]) compared to vitamin E control 
group. 

 
Figure 1. Average fold change of GPx-1 mRNA expression (with 95% CI) in 

different study groups compared to the control group. 

 
Figure 2. Average fold change of GPx-1 mRNA expression (with 95% CI) in 

vitamin E protected, ZnO-NPs intoxicated group compared to the ZnO-NPs 

intoxicated group. 

 
Figure 3. Average fold change of GPx-1 mRNA expression (with 95% CI) in 

vitamin E protected, ZnO-NPs intoxicated group compared to the vitamin E 

control group. 

3.4. Serum TNF-α Level (Table 3) 

There was significant increase of Serum TNF-α level in 
the ZnO-NPs intoxicated group compared to the control 
group. Coadminstration of vitamin E with ZnO-NPs caused 
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significant decrease of Serum TNF-α level and compared to 
ZnO-NPs administration alone. However this change did not 
reach a non-significant level compared to control group. 

Vitamin E administration alone caused non significant 
decrease of Serum TNF-α level compared to the control 
group. 

Table 3. Serum TNF-α level in Control, Vitamin E control, ZnO-NPs intoxicated, and Vitamin E protected groups (Mean± SE). 

Parameter Control Vitamin E ZnO-NPs Vitamin E+ ZnO-NPs 

TNF alpha (Pg/ml) 9.85 ± 0.19 9.65 ± 0.32 a 37.86 ± 0.28 b** 13.21 ± 0.51 b**# 

ap>0.5, bp<0.001 compared to control group. 
**p<0.001 compared to vitamin E control group. 
#p<0.001 compared to ZnO-NPs intoxicated group. 

3.5. Correlation of Serum ALT, AST, Total Protein and 

Albumin Levels with Oxidative Stress (Table 4) 

Serum ALT and AST levels showed a positive significant 
correlation with liver MDA level and a negative significant 
correlation with liver GSH level, GPx activity and GPx-1 
mRNA. While serum total protein and albumin levels 
showed a a negative significant correlation with liver MDA 
level and a positive significant correlation with liver GSH 
level, GPx activity and GPx-1 mRNA. 

Table 4. Correlation of Liver function tests with oxidative stress. 

Parameter MDA GSH GPx GPx-1 mRNA 

ALT r 0.98* -0.95* -0.98* -0.76* 
AST r 0.98* -0.96* -0.98* -0.77* 
Total protein r 0.99* 0.97* 0.96* 0.77* 
Albumin r 0.94* 0.91* 0.88* 0.66** 

* P<0.001 **P< 0.01 

3.6. Correlation of Liver GPx-1 mRNA with Liver MDA and 

GSH Levels and GPx Activity 

Liver GPx-1 mRNA level showed negative significant 
correlation with liver MDA level (r = -0.75) and positive 
significant correlation with liver GSH level (r = 0.88) and 
liver GPx activity (r = 0.87) (p< 0.001). 

3.7. Correlation of Serum TNF-α Level with Liver Damage 

and Oxidative Stress 

Serum TNF-α level showed positive significant correlation 
with AST (r= 0.99), ALT (r = 0.99) and MDA (r = 0.94) 
levels (p<0.001) and negative significant correlation with 
albumin (r = -0.89), total protein (r = -0.85), GSH level (r = -
0.9) with p<0.001, GPx activity (r = -0.61) and GPx-1 
mRNA level (r = -0.64) with p<0.01. 

4. Discussion 

Oral administration of nano- and micro-sized ZnO (100 
nm and 1 µm respectively) was found to result in systemic 
accumulation including the liver, with higher absorption, 
toxic effect and tissue Zn concentration with the nano-sized 
ZnO. Oral ZnO-NPs administration resulted in transient 
histopathology of the liver that was not seen after 
administration of 1-µm ZnO particles [26]. Animal 
experiments indicated that liver was one of the target organs 
of oral exposure to 20- and 120-nm ZnO-NPs [54]. 

It was reported that the dose of ZnO-NPs is no longer a 

sole factor in evaluating the NPs toxicity. The 
physicochemical properties of the NPs such as size, shape, 
high specific surface area and its solubility may play a more 
important role in its toxicity [30]. 

The current study showed that the administration of ZnO-
NPs (<100nm with specific Surface Area of 15-25 m2/g) in 
rats in a dose of 400 mg / kg body weight for seven days 
induced liver damage. This is evidenced by the significant 
elevation of serum ALT and AST over the normal control 
group, implying loss of the cell membrane integrity in the 
liver and cellular leakage [54]. Another indicator of liver 
tissue damage is the significant decrease of serum total 
proteins and albumin compared to the normal control group. 
Moreover, the significant increase of MDA in the liver 
homogenate of the ZnO-NPs group over the control group 
confirms the occurrence of liver damage, since liver MDA is 
used as an indicator of liver tissue damage, because it is a 
major reactive aldehyde that is released after membrane lipid 
peroxidation [37]. The effect of ZnO-NPs on serum ALT, 
AST, albumin, total protein and liver MDA indicated that the 
liver is one of the target organs of such NPs toxicity. Similar 
effects of ZnO-NPs on serum ALT, AST, and MDA levels 
were reported [4, 34, 50,58]. Also, the significant decrease of 
the total serum proteins and albumin caused by ZnO-NPs 
agreed with Wang et al. (2010) [57] and Al-Rasheed et al. 
(2012) [2]. 

In the current study, the cause of ZnO-NPs induced liver 
damage appears to be related to oxidative stress. This is 
evidenced by the significant decrease of GSH level, GPx 
activity and GPx-1 mRNA level and the significant increase 
of MDA in the liver homogenate of ZnO-NPs group 
compared with control group. It is further confirmed by the 
significant correlation of liver damage indicators (serum 
ALT, AST, total protein and albumin) with liver MDA level, 
GSH level, GPx activity and GPx-1 gene expression. 

According to previous studies, ZnO-NPs toxicity occurs 
directly from the NPs themselves or from Zn+2 ions released 
either after cellular uptake and intracellular dissolution 
within the acidic endosomal /lysosomal compartments. This 
results in cytotoxicity, oxidative stress, and mitochondrial 
dysfunction [7, 9, 11, 53, 56]. Mansouri et al. (2015) [34] and 
Yang et al. (2015) [33], reported higher Zn concentration in 
the liver tissues of rodents orally administered ZnO-NPs and 
showed elevated serum AST and ALT. In addition, it was 
reported that liver damage could be induced by excess oral 
Zn salt [10] and oral nanoscale zinc powder [55]. Increased 
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Zn ions were incriminated in the activation of ROS 
production through interaction with membrane lipids 
damaging the cell membrane, DNA and proteins [31]. 

It was reported that Zn at normal level possesses 
antioxidant ability, but become toxic at high and moderate 
concentrations in aquatic animals [52]. Moreover, other 
studies on aquatic animals reported that ZnO-NPs at lower 
concentration induced both the enzymatic (as GPx activity 
and gene expression) and the non enzymatic (as GSH level) 
antioxidant defense systems. Therefore, increasing 
scavenging of free radicals occurred leading to decrease of 
MDA production, evidenced by lower MDA level in these 
studies. On the contrary, at higher concentration of ZnO-NPs, 
these antioxidant defense systems were inhibited with 
increase of MDA level [18, 44]. This indicated the 
occurrence of oxidative stress by the over accumulated free 
radicals which exceeded the scavenging ability of the 
antioxidant systems which may have been resulted from the 
decrease of the antioxidant defense systems. These findings 
were reinforced by Afifi et al. (2015) who reported that ZnO-
NPs administered in a small dose to diabetic rats, decreased 
the oxidative stress induced by diabetes and induced the 
antioxidant enzyme systems as GSH level, GPx activity and 
gene expression [1]. However, on using high doses of ZnO-
NPs significant decrease in GSH level and GPx activity with 
a significant increase in MDA in rats liver occurred as 
reported by Somayeh and Mohammad (2014) [50] and 
Mansouri et al. (2015) [34]. 

A previous study showed that in GPx-1 knockout mice, 
there was increased susceptibility to oxidative stress induced 
by different toxins leading to tissue damage including the 
liver [6]. This agrees with our finding that the decrease of 
liver GPx-1 mRNA expression in ZnO-NPs intoxicated rats 
positively correlated with the increase of serum ALT, AST 
and the decrease of serum total protein and albumin (liver 
damage). It also correlated with the increase of liver MDA 
and decrease liver GSH level in ZnO-NPs intoxicated rats 
(oxidative stress) in our study. 

The current study revealed that vitamin E administration 
resulted in significant reduction of ZnO-NPs induced 
elevation of serum ALT and AST levels and significant 
elevation of ZnO-NPs induced reduction of serum albumin 
and total protein levels. This indicated that vitamin E 
reverses the damaging effect of ZnO-NPs on the liver. 
Similar effects on the serum albumin and total protein levels 
were demonstrated by Wang et al. (2010) [57] and Al-
Rasheed et al. (2012) [2]. Also similar effects on serum ALT 
and AST were reported [2, 57, 58, 62]. Furthermore, serum 
total proteins and albumin levels in spite of elevation were 
still significantly lower than those of the control group and 
vitamin E control group, while serum ALT and AST levels 
reached non-significant levels compared to the control group 
and vitamin E control group. This indicated that the hepatic 
cells apoptosis and damage has nearly stopped, but still the 
liver cell function was not regained completely. 

Furthermore, according to the results of this study, vitamin 
E administration to healthy rats caused significant elevation 

of liver GSH level, GPx activity and GPx-1 mRNA 
expression compared to the control group. Also, vitamin E 
administration to ZnO-NPs intoxicated rats led to significant 
elevation of liver GSH level, GPx activity and GPx-1 mRNA 
expression together with significant reduction in liver MDA 
compared to ZnO-NPs intoxicated rats without vitamin E 
administration. Therefore, vitamin E protected the liver cells 
from the damaging effects of ROS generated by the effect of 
ZnO-NPs. These results are supported by the results of 
Khanna et al. (2015) [25] and Mansouri et al. (2015) [57] 

who reported that vitamin E as an antioxidant substance 
increased the level of GSH in liver, scavenged ROS, 
inhibited their generation and decreased the processes of lipid 
peroxidation and surface modification of nanoparticles and 
thus preventing injury to liver cells. Moreover, many studies 
showed that overexpression of GPx-1 can protect cells 
against ROS and can also inhibit hydrogen peroxide-induced 
apotosis in cell lines [6]. In this study, vitamin E caused 
increase of GPx-1 expression, which protected the liver from 
damage by ROS evidenced by decrease serum ALT and AST 
and liver MDA levels and increase serum total protein and 
albumin levels. Also, in many of these overexpression 
studies, GPx-1 activity may be 10–100 times greater than in 
the parent cell lines (Arthur, 2000). This agrees with this 
study finding that GPx-1mRNA expression positively 
correlates with GPx activity. 

As regards serum TNF-α level, different studies reported 
its significant elevation in ZnO-NPs intoxicated rats 
compared to healthy rats [3, 5, 62]. This is in agreement with 
the current study results indicating the inflammatory effect of 
ZnO-NPs. TNF-α is an immuno-inflammatory injurious 
mediator increased in response to inflammation induced by 
metal oxide toxicity including ZnO [13, 17, 47]. 

The up regulation of TNF-α has a principle role in 
proinflammatory pathways activation in various cell types 
[12]. It induces the production of other inflammatory 
cytokines including IL-6 leading to inflammatory tissue 
injury including the liver [24]. 

In this study, serum TNF-α level significantly correlated 
positively with serum ALT and AST and liver MDA levels 
and negatively with serum total protein and albumin levels 
confirming the role of the elevated serum TNF-α level in the 
pathophysiology of liver damage induced by ZnO-NPs. This 
is in agreement with Idriss et al. (2014) who reported that 
Serum level of soluble TNF- α (sTNF-α) receptor 1 was 
increased and positively correlated with serum ALT and AST 
levels in liver disease. TNF- α receptors are actually 
membrane receptors that have been separated from activated 
neutrophils, mononuclear blood cells and fibroblasts and 
became soluble receptors that are able to bind circulating 
TNF-α and are important in regulating its activity [19]. 
Therefore, sTNF-α receptor levels may serve as a sensitive 
monitoring of the activity of the TNF-α system [19, 38]. 

Furthermore, serum TNF-α level showed significant 
positive correlation with liver MDA level and significant 
negative correlation with GSH level and GPx activity and 
GPx-1 expression. This reflects its inhibitory effect on the 
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antioxidant system of the liver in ZnONPs toxicity and thus 
increasing liver lipid peroxidation. 

TNF-α has been linked to oxidative stress in previous 
studies. It was reported to stimulate ROS production by 
several mechanisms including its direct toxic phenomena and 
its effect on mitochondrial function [21, 51]. Mitochondria 
were found to be major source of TNF- α induced ROS 
production [16, 17]. TNF- α inhibits the activity of complex 
III of the mitochondrial respiratory chain, thereby inhibiting 
the mitochondrial electron transport increasing the 
production of mitochondrial ROS. Mitochondrial ROS 
damage the mitochondrial DNA decreasing the mitochondrial 
DNA copy number and causing mitochondrial dysfunction 
and therefore contributing to the increase of oxidative stress. 
However, the decrease of mitochondrial DNA copy number 
and complex III activity can be abolished in the presence of 
antioxidants [51]. However, TNF- α depletes both the 
cytosolic and mitochondrial antioxidants [36]. Therefore, 
TNF- α induces mitochondrial dysfunction via the increase of 
intracellular oxidative stress by depleting both cytosolic and 
mitochondrial antioxidants. 

According to the results of this study, vitamin E was found 
to significantly alleviate ZnO-NPs induced elevation of 
serum TNF-α level. This indicates the anti-inflammatory 
effect of Vitamin E, which was reported by other studies [15, 
59]. Moreover, Li et al. (2012) reported that α-tocopherol 
pretreatment leads to significant antagonistic effect against 
the TNF-α induced pro-inflammatory response. This occurs 
via modulation of the cellular response to the TNF-α 
challenge by altering the gene expression activities of some 
important signaling molecules [27]. 

5. Conclusion and Recommendations 

In conclusion, toxic doses of ZnO-NPs induce injurious 
inflammatory effect and oxidative stress by increasing ROS 
production and inhibiting the antioxidant system, and thus 
leading to liver tissue injury. Co-administration of vitamin E 
attenuates the inflammatory mediators production and 
alleviates the oxidative stress induced by ZnO-NPs, and thus 
protecting against liver tissue injury and dysfunction. It is 
recommended to compare the toxic effects of the various 
ZnO-NPs with different physical and chemical properties on 
the liver and other tissue organs. 
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