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Abstract 

Background: Oral ingestion of zinc oxide nanoparticles (ZnONPs) may lead to serious liver injury. Vitamin E 

(VE) is an important antioxidant factor that can reduce such damage. 

Aim: This study aimed to evaluate the possible changes that could take place in the liver of adult male albino 

rats after oral ingestion of ZnONPs and elucidate the potential protective role of VE against such damage. 

Material and methods: Forty eight male albino rats were divided into four groups of 12 animals each. Group 

(1) served as control group and received normal saline. Group (2) “VE-treated” received 100 mg/kg/day of VE 

dissolved in normal saline by oral gavage for 21 days. Group (3) “ZnONPs-treated” received a daily dose of 

ZnONPs dispersed in the fresh sterilized physiological saline solution 1mg/kg for 5 constitutive days. Group (4) 

“concomitant ZnONPs and VE-treated” was pretreated with VE 100 mg/kg/day for 14 days followed by the same 

dose of ZnONPs as in group (3) for 5 days. The extent of hepatic damage was evaluated by histological and 

immunohistochemical examination of liver samples and serological analysis of liver enzymes. 

Results: Body weights and liver weights showed very highly significant decrease (P <0.001) in the                   

ZnONPs-treated group. The histological results in ZnONPs-treated group revealed congested dilated central 

veins and blood sinusoids, loss of normal arrangement of hepatocytes and most of hepatocytes showed marked 

vacuolated cytoplasm with darkly stained nuclei. Portal area affection was in the form of congested dilated 

portal veins with bile duct hyperplasia and cellular infiltration. There was an increase in the mount of blue 

stained collagen fibers around central veins together with strong positive reaction for Caspase 3 in                     

ZnONPs-treated group. Similarly biochemical analysis indicated that the levels of serum aminotransferase (AST 

&ALT) significantly increased in ZnONPs-treated group when compared with other groups. Rats pretreated with 

VE showed improvement of the histological findings and biochemical parameters. 

Conclusion: Ingestion of ZnONPs could be associated with serious liver affection and pretreatment with VE is 

suggested to induce some improvement of such deleterious changes. 

Corresponding author: Abdelmonem A. Hegazy, Human Anatomy and Embryology department, Faculty of 

Medicine, Zagazig University, Zagazig 44519, Egypt, Email: dr.abdelmonemhegazy@yahoo.com 

Keywords: Rat liver; Microscopic anatomy; Zinc oxide nanoparticles; Vitamin E. 

Received: Sep 18, 2018    Accepted: Oct 08, 2018               Published: Oct 09, 2018 

Editor: Yuksel Aydar, Department of Anatomy, Medical School of Eskisehir Osmangazi University, Eskisehir,    

Turkey. 

Research Article 

INTERNATIONAL JOURNAL OF HUMAN ANATOMY 

ISSN NO: 2577-2279 

  DOI : 10.14302/issn.2577-2279.ijha-18-2384  

http://www.openaccesspub.org/
http://openaccesspub.org/
http://openaccesspub.org/journal/ijha
https://openaccesspub.org/journal/ijha/copyright-license
https://doi.org/10.14302/issn.2577-2279.ijha-18-2384
mailto:dr.abdelmonemhegazy@yahoo.com


 

Freely Available  Online 

www.openaccesspub.org  |  IJHA       CC-license           DOI : 10.14302/issn.2577-2279.ijha-18-2384                   Vol-1 Issue 3 Pg. no.-  2  

Introduction 

 The liver plays the major role in detoxification 

process; hepatocytes are considered as a massive 

detoxification center for degrading alcohol, toxins and 

drugs protecting the body from their deleterious               

effects (1). Therefore liver cellular damage commonly 

resulted from the metabolites of such toxins.   

 Nanotechnology is a fast developing field that 

has been used in a wide range of applications including; 

engineering, agriculture and medicine (2). Nanoparticles 

are used in some drugs to maximize their bioavailability 

such as sunscreens, toothpastes, cosmetics, food 

additives, furniture varnishes and in optic industry e.g. 

the anti-reflective ultra-thin sunglasses, as well as 

construction materials (3). ZnONPs are commonly used 

in food stuffing due to their antifungal properties. In 

addition, ZnONPs are added to fungicides to increase 

their effectiveness. They are commonly applied as 

antibacterial agents in lotions, ointments, and 

mouthwashes to prevent micro-organisms growth by 

their bacteriostatic properties (4). 

 ZnONPs have different physicochemical 

properties compared to zinc (ZnO) which can affect 

bioactivity and toxicity of ZnONPs (5). It is suggested 

that the size of nanoparticles and its surface area greatly 

increase their ability to produce reactive oxygen species 

(ROS) (6). 

 Reactive oxygen species (ROS) that include free 

radicals are frequently created in cells in normal 

circumstances as a result of aerobic metabolism. Once 

cells are exposed to a physical or chemical insult, it 

causes overproduction of ROS (7). ROS play an 

important role in nanomaterial induced cytotoxicity. 

Exposure to NPs leads to occurrence of imbalance 

between ROS production and antioxidant defense 

system (8). 

 The nanoparticles enter the blood circulation in 

an ionic form and localize in organs as zinc ions. Liver is 

among the possible target organs for accumulation of 

zinc ions.  They spread to various organs such as kidney 

and lungs within 72 hours regardless of particle size or 

charge (9). Toxicity of ZnONPs depends on not only the 

dose, but also the physicochemical properties of these 

nanoparticles such as: shape, size, chemical 

composition, their solubility and route of exposure (10). 

The gastrointestinal tract is one of the important NPs, 

oral exposure of nanomaterial can occur directly from 

water, food, or orally administered medicines (11).  

 Zinc plays an important role in controlling 

apoptosis; however excess of zinc may cause cell death 

due to apoptosis or necrosis. This process is triggered, 

when the concentrations of intracellular zinc                   

increase (12). Administration of ZnONPs has been 

suggested to cause apoptosis which considers a key 

event after oxidative DNA damage. There was evident 

by marked increase in the activity of the apoptotic 

biomarker (Caspase 3) in liver tissue (13). 

 Acute exposure to ZnONPs shows hepatic 

damage and liver dysfunction demonstrated by 

increasing alanine transaminase (ALT) and aspartate 

transaminase (AST) which is located primarily in the 

cytosol of hepatocytes (14). These results reveal that 

ZnONPs interrupt the functions of liver cells. Hepatotoxic 

symptoms included fever, suppression of bile flow in 

addition to enlargement of liver are common             

sequences (15). 

 Vitamin E (VE) is considered to be one of the 

most potent radical scavengers and a chain breaking 

antioxidant that interrupts the chain propagation of lipid 

oxidation, thus protecting polyunsaturated fatty acids 

and low density lipoproteins from oxidation, hence it 

stabilize lipid portion of cell membrane and maintains its 

integrity. For this reason, there is an increasing interest 

in fortifying many foods with VE (16). In liver, VE 

(especially α tocophrol) is incorporated into very                     

low density lipoproteins and excreted back into 

circulation (17). This study aimed to demonstrate the 

possible adverse effects of ZnONPs on the liver structure 

and the possible protective role of VE in such case. 

Materials and Methods 

Animals  

 The present study was conducted on forty eight 

adult male albino rats weighting 150-200 gm, with free 

access to food and water. All experimental procedures 

were performed in accordance with the guidelines of the 

Institutional Animal Care and Use Committee of Faculty 

of Medicine; Zagazig University. 
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Chemicals 

 ZnONPs were purchased from Sigma-Egypt in 

bottles each bottle was 5 gm., with particle size <50nm. 

The powdered ZnONPs were dispersed in the fresh 

sterilized physiological saline solution. Vitamin E was 

obtained in the form of powder (α-tocopherol) from El 

Gomhoria Company, Egypt and dissolved in normal 

saline. Both drugs were given orally via gastric gavage. 

Experimental Design  

They were equally divided into four groups each 

contained 12 rats: 

a) 1st group (control group):- The animals of this group 

received physiological saline solution to serve as 

control group. 

b) 2nd group (VE- treated group):- The animals of this 

group received orally daily dose of VE (100 mg/kg 

BW) for 21 days (18). 

c) 3rd group (ZnONPs-treated group):- The animals of 

this group received orally daily dose of ZnONPs 

(1gm/kg/ BW) for 5 constitutive days (19). 

d) 4th group (ZnONPs and VE- treated group): The 

animals of this group pretreated with VE in the same 

dose of 2nd group for two weeks then combined with 

ZnONPs (1gm/kg/BW) for another 5 days (20). 

Histological and ImmunohistoChemical Study 

 At the end of the experiment, all rats were 

weighed, anesthetized and sacrificed by decapitation. 

The liver of the animals was excised, weighted then 

fixed in buffered 10% formalin solution for 24 hours. 

Liver specimens were processed for light microscopic 

(LM) examination (21). Then they were stained with 

Hematoxylin and Eosin (H&E) and Masson's                  

trichrome (22) for histological examination using light 

microscope and Anti-Caspase 3 according to Krajewska 

et al (23). 

Biochemical Assay  

 Blood samples (2 ml) were collected from the 

ophthalmic venous plexus through the retro-orbital 

approach and centrifuged for 10 minutes at 5000 rpm to 

harvest the clear serum where Liver function tests; 

(AST) and (ALT) were assessed (24). 

Morphometric Study          

 Sections stained for Masson's trichrome and 

Caspase 3 was analyzed. Data were obtained using Leica 

Qwin 500 Image Analyzer Computer System 

(England).Ten high power field readings were obtained 

for each group to obtain the mean area percentage of 

collagen and of caspase-3 expression were calculated 

automatically by the image analyzer. 

Statistical Analysis 

 The collected data were computerized and 

statistically analyzed using SPSS program (Statistical 

Package for Social Science) version 18.0 (25). 

Quantitative data were expressed as mean ± SD 

(standard deviation). ANOVA F-test test was used to 

calculate difference between quantitative variables in 

more than two groups.  Least significant difference 

(LSD) test was used to find significance between each 

two studied groups. P-value ≤ 0.05 was considered to 

be significant. 

Results 

Histological Examination 

 Examination of H&E stained sections of the 1st 

group (control group) revealed hepatic architecture of 

tightly packed cords of hepatocyte with vesicular nuclei 

and acidophilic cytoplasm radiating from the central vein 

(Figure 1). Portal area was composed of a portal vein, 

branch of hepatic artery and bile duct lined by single 

cuboidal cells with dark rounded nuclei. Blood sinusoids 

with their endothelial lining of Kuppfer cells were noticed 

in between hepatic cords (Figure 2). Examination of the 

liver sections of the 2nd group (vitamin E treated group) 

showed nearly the same histological features as the 1st 

group. The 3rd group (ZnONPs-treated group) showed a 

marked loss of the normal liver arrangement with dilated 

congested central veins and blood sinusoids. Most of 

hepatocytes had large cytoplasmic vacuoles and darkly 

stained nuclei other hepatocytes were ballooned                

(Figure 3). The portal area showed dilated congested 

portal vein with proliferation of bile duct, necrotic foci in 

between the hepatocytes with inflammatory cellular 

infiltration (Figure 4). The portal area showed also 

elongation of the endothelial lining of dilated congested 

portal vein and increasing amount of connective tissue 

fibers (Figure 5). There was congested hepatic artery 

with increasing thickness of its muscular layer                   

(Figure 6). Bile duct showed proliferation with 

stratification of its epithelial lining    (Figure 7).  
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Figure 1. A photomicrograph of a section in the liver of a control adult albino rat 

showing polygonal hepatocytes (H) radiating from central vein (Cv) with rounded 

vesicular nuclei and acidophilic cytoplasm. Narrow radiating blood sinusoids (s) 

in between liver cords and their lining endothelium are noticed. Binucleated cell 

is also seen (thick arrow). (H&E  X400)  

Figure 2. A photomicrograph of a section in the liver of a control adult albino rat 

showing portal area containing bile duct (Bd) and hepatic artery (Ha).                        

Polygonal hepatocytes (H) with rounded vesicular nuclei and acidophilic                         

cytoplasm can be observed. Narrow radiating blood sinusoids (s) in between 

liver cords and their lining endothelium are seen. Binucleated cells are also seen 

(thick arrows). (H&E  X400)  
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Figure 3. A photomicrograph of a section in the liver of ZnONPs-treated adult 

albino rat showing dilated congested central vein (Cv) and ballooning of 

hepatocytes (double arrows) with darkly-stained nuclei (h) and vacuolated  

cytoplasm (v). Binucleated cells are also seen (thick arrows). (H&E  X400)  

 Figure 4. A photomicrograph of a section in the liver of ZnONPs-treated adult 

albino rat showing dilated congested portal vein (Pv), proliferation of bile duct 

(Bd), inflammatory cell infiltration (IF) and ballooning of hepatocytes                           

(double arrows) with darkly-stained nuclei (h) and vacuolated cytoplasm (v). 

Area of necrotic focus is also present (star). (H&E  X400)  
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Figure 5. A photomicrograph of a section in the liver of ZnONPs-treated adult albino 

rat showing congested portal vein (Pv) with elongation of its endothelial lining                    

(arrow head) and increasing amount of connective tissue fibers (Cf). Mononuclear 

cellular infiltration (IF) and hepatocytes with darkly-stained nuclei (h) and                    

vacuolated cytoplasm (v) could be demonstrated. (H&E  X400)  

Figure 6. A photomicrograph of a section in the liver of ZnONPs-treated 

adult albino rat showing congested hepatic artery (Ha) with increasing 

thickness of its muscular layer (M) and proliferation of bile duct (Bd).                     

Mononuclear cellular infiltration (IF), congested blood sinusoids (s) and 

hepatocytes with darkly-stained nuclei (h) and vacuolated cytoplasm (v) 

are also seen. (H&E  X400)  
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Figure 7. A photomicrograph of a section in the liver of ZnONPs-treated adult 

albino rat showing proliferation of bile duct (Bd) with stratification of its      

epithelial lining (E). Mononuclear cellular infiltration (IF) in the portal area and 

hepatocytes with darkly-stained nuclei (h) and vacuolated cytoplasm (v) are 

also seen. (H&E  X400)  

Figure 8. A photomicrograph of a section in the liver of ZnONPs & VE- treated adult                   

albino rat showing slightly dilated sinusoids (s) and central vein (Cv) with flat                       

endothelial lining (thin arrows). Most of hepatocytes are with vesicular nuclei and                  

acidophilic cytoplasm (H). Others show darkly-stained nuclei (h) and less vacuolated 

cytoplasm (v). Binucleated cells (thick arrows) are also seen. (H&E  X400)  
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 Parameter 

Control group 

(n=12) 

VE group 

(n=12) 

ZnONPs 

group 

(n=12) 

ZnONPs+VE 

group 

(n=12) 

F P 
Groups 

Body weight:(gm) 

Mean ±SD 
184 ±6.5 182.2 ±5.0 148.8 ±5.3 

  

179.8 ±6.7 

  

74.2 

  

<0.001 

Table 1. Comparison between mean values of body weight (gm) in the different studied groups using ANOVA 

(analysis of variance) test. 

 Parameter 

Control 

 group 

(n=12) 

VE 

group 

(n=12) 

ZnONPs 

 group 

(n=12) 

ZnONPs+VE 

group 

(n=12) 

F P 
Groups 

Liver weight: (mg) 

Mean ± SD 

  

7.5 ± 0.3 

  

7.2 ± 0.2 

  

5.1 ± 0.4 

  

6.8 ± 0.4 

  

81.17 

  

<0.001 

Table 2. Comparison between mean values of liver weight (gm) in the different studied groups using ANOVA test 

Groups 

Parameter 

Control 

group 

(n=12) 

VE 

group 

(n=12) 

ZnONPs 

group 

(n=12) 

ZnONPs+VE 

group 

(n=12) 

F P 

Collagen: 

(Area%) 

Mean ±SD 

  

0.19 ±0.06 

  

0.17 ±0.05 

  

0.34 ±0.11 

  

0.20 ±0.07 

  

9.48 

  

<0.001 

Table 3. Showed that the mean area percentage of collage deposition in Masson trichrome stained sections in 

different studied groups 

  

  

Parameter 

Control 

group 

(n=12) 

VE 

group 

(n=12) 

ZnONPs 

group 

(n=12) 

ZnONPs+VE 

group 

(n=12) 

F P 
Groups 

ALT: (U/L) 

Mean ±SD 
44.2 ± 3.9 46.8 ± 10.4 158 ± 12.1 

  

51.6 ± 8.7 

  

316.19 

  

<0.001 

AST: (U/L) 

Mean ± SD 
119.1 ± 12.5 121.3 ± 17.6 240.1 ± 13.2 

  

124.1 ± 18.2 

  

154.53 

  

<0.001 

Table 4. Comparisons between mean values of ALT & AST in the different studied groups using ANOVA test 
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 Examination of H&E stained liver sections of the 

4th group (ZnONPs &VE-treated group) showed variable 

degrees of improvement with slightly preserved liver 

architecture when compared to that of the                  

ZnONPs-treated group. Some hepatocytes showed 

vacuolated cytoplasm while, others had vesicular nuclei 

and acidophilic cytoplasm; many cells were binucleated 

and slightly dilated blood sinusoids (Figure 8). The Portal 

area showed less dilated portal vein with marked 

reduction in cellular infiltration in comparison with 

ZnONPs-treated group (Figure 9). 

 Masson’s trichrome-stained liver sections 

showed normal distribution of collagen fibers around the 

portal area in the 1st group (Figure 10a) and no 

difference could be detected in the 2nd group. In the 3rd 

group there was abundant increase in the amount of the                  

blue-stained collagen fibers around the portal areas 

(Figure 10b). However, in the 4th group there was 

marked reduction in deposition of collagen fibers around 

the portal area compared to ZnONPs-treated group 

(Figure 10c).   

Immunohisto Chemical Staining 

 Immunohistochemical stained sections of the 1st 

and 2nd groups showed negative immune reaction for 

caspase 3 inside the cytoplasm of hepatocytes                    

(Figure 11a); while strong positive reaction for Caspase 

3 were noticed  in the 3rd  group (Figure 11b); and in 

the 4th group the intensity of reaction was apparently 

decreased (Figure 11c). 

Statistical Analysis of Morphometric Results 

 Animals body weights and liver weights revealed 

a significant decrease (p <0.001) in the ZnONPs-treated 

group when compared with other groups (Tables 1, 

Table  2).  

The results of the present study showed a very highly 

significant increase (P<0.001) in the number of 

hepatocytes with positive immune reaction for Caspase 3 

in the ZnONPs-treated group when compared with other 

groups (Figure 12).  

 Regarding the collagen distribution, the results 

of the present study showed a very highly significant 

increase (P <0.001) in area of collagen in the                

Figure 9. A photomicrograph of a section in the liver of ZnONPs &                                   

VE- treated adult albino rat showing portal area; portal vein (Pv) with flat 

endothelial lining (thin arrows), bile duct (Bd) and hepatic artery (Ha). Few 

inflammatory cells are observed (curved arrows). Most of hepatocytes with 

vesicular nuclei (H) show strong acidophilic cytoplasm (arrow head), some 

hepatocytes with darkly-stained nuclei (h) and vacuolated cytoplasm (v). 

Binucleated cells (thick arrows) are also seen. (H&E  X400)  
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Fig. 10: Photomicrographs of sections in the liver: (a) Control 

group showing normal distribution of collagen fibers (arrow). 

(b) ZnONPs-treated group showing abundant stained collagen 

fibers surrounding the portal area. (c) ZnONPs &VE- treated 

group showing reduction of the collagen content in portal 

area. (Masson’s trichrome X 200) 

A B 
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A 
B 

c 

Figure 11. Photomicrographs of sections in the liver: (a) Control 

adult albino rat showing negative immune reaction for caspase 

3 inside the cytoplasm of hepatocytes (arrow).                                     

(b) ZnONPs-treated adult albino rat showing strong positive 

immune reaction for caspase 3 inside the cytoplasm of                  

hepatocytes. (c) ZnONPs & VE-treated adult albino rat showing 

weak positive immune reaction for caspase 3 inside the                   

cytoplasm of hepatocytes. (Immunoperoxidase technique 

for caspase 3   X 400)  
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Figure 12. The mean area percentages of caspase 3 expression in the different 

studied groups. 

Figure 13.  Comparison between mean values of ALT & AST in different studied 

groups using ANOVA (analysis of variance) test 
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ZnONPs-treated group when compared with other 

groups (Table 3).                                          

 By using least significant difference (LSD) for 

comparison between means values of liver weight in 

between groups it was found that: 

a. 1st group vs. 2nd group: > 0.05 non-significant.                 

b. 1st group vs. 3rd group : < 0.001 highly significant.                                        

c. 1st group vs. 4th group: > 0.05 non-significant.               

d. 3rd group vs. 4th group: < 0.001 highly significant.                      

Biochemical Results 

 Regarding the liver enzymes, there was very 

significant increase in serum activities of ALT and AST    

(P<0.001) in the ZnONPs-treated group when compared 

with other groups (Table 4; Figure 13). 

Discussion 

 It has been documented that the tissue 

structure and biochemical changes as well as the body 

and organ weights are the determinant factors in 

evaluating the toxicity of nanoparticles (26). In this 

study, we investigated the liver structure and some 

enzymes in animals exposed to ZnONPs to determine 

such toxicity. Adult albino rats were selected in the 

current study as they have relatively long life span free 

from diseases and they are easily handled. In addition, 

male animals were favored as they have relatively 

constant hormone levels which help to pass over the 

role that could such hormones play in many 

inflammatory conditions (27).  

 Regarding the weights of the animals and their 

livers, it was noticed that marked reduction occurred in 

ZnONPs exposed animals that relatively improved with 

administration of VE. These findings are in the line with 

previous study (19). This is an indication of toxicological 

effect in ZnONPs-treated animals.  

 In the present work, H&E-stained liver sections 

of the ZnONPs-treated group showed disruption of 

normal architecture with congestion and dilatation of 

central as well as blood sinusoids. These results are in 

accordance with Johar et al., (28) who suggested that 

the destruction of lobular structure, vacuolization of 

hepatocytes (fat deposits), and infiltration of leukocytes 

indicate necrotic effects of ZnONPs on liver tissue. On 

the other hand, Puche et al., (29) attributed sinusoidal 

dilatation to the activation of perisinusoidal cells which 

had contractile properties. On contrary to the current 

results, Wang et al (26) found minimal toxicity through 

their biodistribution assays in liver tissue of mice 

exposed to 50 and 500 mg/kg ZnONPs.  

 Some hepatocytes appeared ballooned with dark 

stained nuclei. This finding is in consistence with 

Abbasalipourkabir et al., (30) who gave 50, 100, 150 and 200 

mg/kg ZnONPs attributed ballooning of hepatocytes to apoptosis 

induced by ZnONPs. Ma et al. (31) revealed that swelling of 

hepatocytes indicates that these nanoparticles may affect 

permeability of the cell membrane in hepatocytes. Al-Rasheed et 

al., (13) stated that the liver of rats treated with a high dose of 

ZnONPs showed numerous hepatocytes with karyolysis and 

pyknotic nuclei in addition to inflammatory cellular infiltration. 

 Foci of cellular infiltration were detected in the 

liver parenchyma. Such result is parallel with Sharma et 

al., (14) who stated that the liver revealed hepatocellular 

necrosis and accumulation of mixed inflammatory cells 

around the necrotic area. Edinger and Thompson (32) 

attributed the presence of necrotic foci to lysis of cells 

and formation of cell debris, which could initiate 

phagocytic infiltration. In the current study the portal 

area revealed portal vein dilatation and congestion. Hu 

et al. (33) explained that the congestion and dilatation 

of central and portal veins may be due to portal 

hypertension. Bile duct proliferation was evident in the 

current ZnONPs- treated group. This result is in 

agreement with Pati et al. (34) who documented that a 

ductular reaction is the proliferative response to many 

types of liver injuries. It is now generally accepted that 

the liver contains hepatic stem cells/ progenitor cells in 

which are considered as a subpopulation of liver cells 

termed oval cells. Under the condition of severe and 

chronic liver injury caused by drugs, toxins and viruses, 

these oval cells are induced to proliferate and 

differentiate both into biliary epithelial cells and into 

mature hepatocytes (35). 

 In the current study, portal veins of rat treated 

with ZnONPs revealed elongation of their endothelial 

lining. Wen et al. (36) attributed this result to smooth 

muscle cell (SMC) proliferation and hypertrophy in the 

portal vein. They indirectly proved that nitric oxide (NO) 

is closely related with portal venous vascular remodeling 

that will lead to SMC proliferation and hypertrophy. Also, 
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the wall of hepatic artery showed increasing of its 

muscular wall. Reneman et al., (37) explained this result 

to that Shear stress can promote remodeling of the 

arterial walls, possibly through regulation of endothelial 

cells (EC) gene expression and intracellular bioactive 

substances. 

 In the 4th group, there was some improvement 

of liver architecture when compared with group III.  

Preservation of normal structures in the protected 

groups was attributed to the anti-inflammatory role of 

VE which associated with the amelioration of oxidative 

damage (38). The binucleated hepatocytes seen the 

ZnONPs+VE treated groups  may be due to the 

regenerative attempt of the degeneration  of cells as 

reported earlier in the liver of carbaryl treated rats by 

Munglang et al., (39). 

 Regarding Masson’s trichrome-stained sections, 

there was marked increase collagen fibers around the 

portal area in ZnONPs- treated group. These results are 

in agreement with that of Al-Rasheed et al., (13). Galli 

et al., (40) stated that ROS are incriminated in the 

development of hepatic fibrosis as they stimulate hepatic 

stellate cells (HSCs) proliferation and collagen 

synthesis.Hepatic stellate cells which are relatively 

inactive fibroblasts in liver lobules play an important role 

in liver fibrosis. Apparent reduction in collagen fibers 

content around the portal area was obvious in group IV.   

 Caspase 3 stained liver sections of ZnONPs- 

treated rats showed strong positive reactions in the 

cytoplasm of hepatocytes. These findings are in 

accordance with those of Yousef and Mohamed (41), 

who stated that the liver apoptosis biomarker caspase3 

was significantly up-regulated in rats administered either 

ZnO-bulk or its NPs orally (500 mg/kg bw) for 10 

successive days. These findings confirmed statistically by 

morphometric analysis of the number of hepatocytes 

with caspase 3 positive immunoreaction and area 

percentage of collagen fiber that showed  a highly 

significant increase (P<0.001) in ZnONPs- treated group  

when compared with that of the control group. In 

addition, there was a non-significant difference between 

the control and ZnONPs+VE- treated groups, this is in 

accordance with Al-Rasheed et al., (13).  

 In the present study, both liver and body 

weights showed highly significant decrease in the 

ZnONPs- treated group when compared with the control 

groups. However, no significant difference was observed 

between the control animals and both VE and ZnONPs 

plus VE- treated groups. This result is in accordance with 

that of Ko et al. (42). However, Sharma et al., (14) 

observed that there was no significant difference in the 

body weights between control and ZnONPs- treated 

groups. Similarly, no obvious difference was observed in 

the organ weights. 

 On the other hand, the changes in ALT and AST 

levels were statistically decreased in ZnONPs+VE treated 

group when compared with ZnONPs animals. This result 

is in agreement with Al-Rasheed et al. (13) who 

reported that VE has the ability to normalize levels of 

such enzymes. 

 It was concluded that ZnONPs might induce 

some histological and biochemical adverse effects on 

liver of adult male albino; and VE alleviated most of 

these changes. Eventually, the study suggests the use of 

VE as a protective approach against the toxic effects of 

ZnONPs. Future studies using large numbers and 

different models of animals are recommended with 

follow up of the animals for longer period to investigate 

the recovery from such adverse effects. 
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