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Abstract:  

Introduction: Silver Nanoparticles (AgNPs) have hepatotoxic effects which may be secondary to oxidative 

stress enhancement. The antioxidants Silymarin and Vitamin E can counteract such effects. 

Aim of the study: to clarify the histopathological, immunological and bio-chemical changes that occur in liver 

following AgNPs administration and the possible therapeutic role of Silymarin and Vitamin E 

supplementation.  

Subjects and Methods: Sixty adult male albino rats were equally divided into: GІ(normal control) received 

nothing; GII(Sham control): subdivided into subgroup II-A: received normal saline orally for 30 days and 

subgroup II-B: received 4ml/kg/day of olive oil orally for 30 days; GIII(AgNPs treated): received 

0.5mg/kg/day of AgNPs I.P. for 30 days; GIV(Silymarin treated): injected the calculated dose of AgNPs for 30 

days, then starting from the 31st day, was given 100 mg/kg/day of Silymarin orally for 30 days; GV(Vitamin E 

treated): injected the calculated dose of AgNPs for 30 days, then, starting from the 31st day, 400mg/kg/day of 

vitamin E was given orally for 30 days; GVI (Silymarin and Vitamin E treated): injected by the calculated 

dose of AgNPs for 30 days, then, starting from the 31st day, the calculated doses of silymarin and vitamin E 

was giving orally concomitantly for 30 days. All specimens were prepared for histological, 

immunohistochemical and biochemical examinations.  

Results: GIII showed variable pathological changes as congestion and dilatation of portal, central veins and 

sinusoids, mononuclear infiltration, hemorrhage and hepatocyte degenerative changes. Silymarin and vitamin 

E treated groups displayed relieve of the pathological changes, which were most evident with combined 

therapy in GVI.  

Conclusions: Co-antioxidant therapy exerted the most efficient protective effects against AgNPs induced 

hepatotoxicity.  

Keywords: Liver; Silver Nanoparticles; Silymarin; Vitamin E; BCL-2. 
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1. Introduction 
Current advances in nanotechnology altered 

how we diagnose, treat and protect against 

various diseases. Among metallic nano-

particles, silver nanoparticles (AgNPs) is the 

most involved one in nano-medicine owing 

to their small size and large surface area [1]. 

Because of their established antimicrobial, 

antifungal and antiviral activities, they are 

growingly involved in multiple applications 

as food, consumer products, industrial and 

biomedical fields [2]. Concerns regarding 

potential toxicity and health risks are raised 

by their growing use. [3,4]. 

AgNPs accumulate principally in the liver 

[5] following inhalation [2], injections [6] 

and ingestion [7]. AgNPs build up 

excessively in the liver, causing a variety of 

pathological alterations, including 

inflammation, excess reactive oxygen 

species (ROS) production, DNA disruption, 

alteration in hepatic enzyme activities and 

ultimately necrotic and apoptotic changes 

[8]. AgNPs induce ROS production in 

different types of cells [9]. Both endogenous 

and exogenous antioxidants continuously 

produce and eliminate ROS in biological 

systems., yet their excess production leads to 

apoptosis and oxidative damage [10,11].  

An antioxidant is a substance that directly 

scavenges ROS or indirectly acts to enhance 

antioxidant defenses or suppress ROS 

formation [12]. Many natural and synthetic 

antioxidants exist [13]. Silymarin (milk 

thistle) is a natural herbal medicine known 

for its therapeutic use in liver disorders due 

to its strong antioxidant and membrane-

stabilizing functions [14]. As antioxidant, it 

reduces ROS and lipid peroxidation 

promoting hepatocyte regeneration, 

decreasing inflammatory reactions and 

inhibiting liver fibrogenesis induction [15]. 

Vitamin E is antioxidant and cyto-protective 

agent, which have been used for treating 

liver damage in viral infections, Amanita 

phalloides toxicity and cirrhosis because it 

can reduce oxidative stress by neutralizing 

ROS and reducing the oxidative stress 

cascade, reduce lipid peroxidation, stabilize 

mitochondrial membranes and prevent 

apoptotic cell death [16,17]. Both 

endogenous and exogenous antioxidants 

continuously produce and eliminate ROS in 

biological systems and have anti-

inflammatory, platelet aggregation 

inhibition, signaling regulation, cellular 

proliferation, membrane-bound enzymes, 

and gene expression, and immune-

enhancing properties in addition to its 

antioxidant activity [18,19]. A key regulator 

of normal cell physiology, mitochondrial 
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dynamics and calcium handling is the 

protein family of B cell lymphocyte-2 

(BCL-2). It is located on outer membrane of 

mitochondrial and takes a major part in 

enhancing cell survival and suppressing pro-

apoptotic proteins activity [20].   

This study aim to explore AgNPs 

hepatotoxicity and the possible curative 

effects of mono- and combined Silymarin 

and Vitamin E therapy. 

2. Material and methods 

2.1. Material 

2.1.a. Chemicals: 

Silver nanoparticle (AgNPs): was 

purchased as clear colloidal aqueous 

suspension with a concentration of 

4000PPM (4mg/L) and particles size 20-

40NM (Nanotechnology and Biotechnology 

Lab, nanotechnology project, plant 

physiology department, Faculty of 

agriculture, Cairo university). Following a 

30-day I.P of 0.5 mg AgNPs/kg B.W, the 

particles were diluted with distilled water 

(no color change or precipitation occurred), 

diluted with deionized water and sterilized 

with a 0.22 micron microfilter [21].  

Silymarin: was provided as yellow fine 

powder (Sigma-Aldrich Chemical Company, 

USA) then dissolved in normal saline. A 

daily dosage of 100 mg/kg was administered 

for 30 successive days [22] orally by gastric 

gavage tube after 2 hours fasting; to avoid 

regurgitation and guarantee that the 

prescribed dosage was administered; the 

tube was remained in place for 20 seconds. 

Vitamin E: was present in the form of 

yellow capsules, (each contains 400 mg), 

Pharco-Egypt. Each capsule was dissolved 

in 4ml/kg B.W. olive oil. It was 

administered orally in a dose of 400mg/kg 

B.W. [23] for 30 days by gastric gavage 

tube.   

  2.1.b. Animals: sixty four-month-old 

Sprague Dawley strain of male albino rats 

weighs 150–200g each. They were obtained 

from Faculty of Medicine's animal house-

Cairo University, housed in cages with five 

rats each under standard lab and 

environmental conditions.  

    

2.2. Study design:                                               

The rats were divided into six groups:  

- Group I (Control-10 rats): received no 

medications.  

- Group II (Sham control-10 rats): this 

group was divided into two subgroups: 

* Subgroup II-A (Normal saline–5rats): 

each rat was administered normal saline 
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orally using a gastric gavage tube every 

day for 30 successive days. 

* Subgroup II-B (Olive oil–5rats): each 

rat was given 4ml/kg B.W.  olive oil 

orally daily for 30 successive days.  

- Group III (AgNPs treated-10 rats): 

each rat was injected I.P. with 0.5mg 

AgNPs/kg B.W. for 30 successive days.  

- Group IV (Silymarin treated–10 rats): 

each rat was injected I.P. with 0.5mg 

AgNPs/kg B.W. for 30 successive days, 

then starting from the 31st day, each rat 

was given 100mg/kg silymarin orally 

daily for 30 successive days.  

- Group V (Vitamin E treated -10 rats): 

each rat was injected I.P. with 0.5mg 

AgNPs/kg B.W. for 30 successive days, 

then, starting from the 31st day, each rat 

was given 400mg/kg B.W. vitamin E 

daily orally for 30 successive days.  

- Group VI (Silymarin and Vitamin E 

treated–10rats): each rat was injected 

I.P. with 0.5mg AgNPs/kg B.W. for 30 

successive ds, then, starting from the 31st 

day, each rat was given the calculated 

doses of Silymarin and vitamin E 

concomitantly orally for 30 successive 

days.  

2.3. Methods: 

By the end of designated experimental 

periods for each group, blood samples 

were collected from each rat's tail vein 

and sent for serum biochemical analysis 

for liver enzymes [24]. Then the rats 

were anesthetized with IP injection of 

50mg/kg pentobarbital [25] and 

sacrificed. All groups' liver specimens 

underwent meticulous dissection and 

processing in preparation for:                                                       

a. Light microscopic study: preparation 

of liver specimen for light microscopic 

examination [26] then stained using:  

-Hematoxylin and Eosin: to observe 

liver architecture [27].  

-Masson's Trichrome stain: to 

evaluate fibrous tissue [28]. 

-Periodic acid-Schiff (PAS) staining: 

to identify liver glycogen storage 

[29].  

-Immuno-histochemical staining for 

Bcl-2: avidin biotin peroxidase 

method was used in immunohisto-

chemical procedures to determine 

Bcl-2 protein expression in the 

cytoplasm. (30). 

    -Histomorphometric analysis: 

making use of a Leica Qwin 500 

Image Analyzer PC. Masson's 

Trichromes and    immunohisto-

chemically stained sections were 

morphometrically examined at Cairo 
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University's Pathology Department, 

Faculty of Dentists. 

b. Serum biochemical analysis: utilizing 

commercial kits from Biodiagnostic 

Co. (Giza, Egypt) and an auto analyzer 

(Cobas INTEGRA 400 plus analyzer), 

aspartate aminotransferase (AST), 

Alkaline phosphatase (ALP) and 

alanine aminotransferase (ALT) levels 

[24,31] were measured at Cairo 

University's Faculty of Medicine's 

Biochemistry department.  

c. Antioxidant biomarker and hepatic 

oxidative stress: malondialdehyde 

(MDA) [32] and glutathione (GSH) 

[33] content levels were determined in 

hepatic tissue according to  by using 

commercial kit from Biodiagnostic 

(Giza, Egypt) were measured at Cairo 

University's Faculty of Medicine's 

Biochemistry department.  

 

2.4. Statistical Analysis: one-way analysis 

of variance (ANOVA) was used to 

statistically analyze the collected data 

in order to compare the various groups. 

The least significant difference test 

(LSD), which determines the statistical 

difference between groups when an 

ANOVA is statistically significant (P 

value <0.05), comes next. The 

Statistical Package for the Social 

Sciences (SPSS) version 19 package 

was utilized for all statistical analyses. 

3. Results:  

3.1. Histological and 

immunohistochemicaL results: 

 Control groups (GI – GII): Light 

microscopic examination revealed that 

there was no discernible difference 

between the normal and sham control 

groups' histology results. H&E stained 

sections of these groups showed normal 

architecture of hepatic parenchyma 

evidenced by peripherally located normal 

portal triad displayed normal thin walled 

portal vein, normal biliary ductules (Figs. 

1A,1B) and normal thin walled central 

vein with uniform cords of hepatocytes 

radiating outwards from it. The 

hepatocytes appeared hexagonal in shape 

with regular outlines, granular acidophilic 

cytoplasm, darkly stained rounded 

vesicular nuclei and few binuclear 

hepatocytes (Fig.1C) with normal uniform 

thin walled hepatic sinusoids (Figs.1B,1C) 

in between. PAS stained sections 

exhibited a strong positive reaction in the 

form of small red granules filling the 

hepatocytes cytoplasm, implying the 

presence of significant amounts of 
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glycogen (Fig.1D). Masson’s trichrome 

stained sections demonstrated normal 

pattern of collagen fibers deposition 

around portal triads (Fig.1E). Immune-

histochemical stained sections revealed 

strong BCL-2 expression in liver cell 

cytoplasm (Fig. 1F). 

 

 AGNPs treated group (GIII): all H&E 

stained sections revealed variable degrees 

of pathological changes distorting hepatic 

parenchymal architecture proved by 

spacing between the hepatocytes and 

around portal triad (Fig. 2A), parenchyma 

and peri-portal inflammatory mononuclear 

cellular infiltration (Fig.2B), focal areas of 

extracellular hemorrhage (Fig.2C). Most 

of sections showed moderately dilated 

non-congested portal veins as well as mild 

biliary hyperplasia (Fig.2A). PAS-stained 

specimens showed mild reaction denoting 

diminished glycogen content within 

hepatocytes cytoplasm (Fig. 2D). Sections 

stained with Masson's trichrome 

revealed marked peri-portal fibrosis (Fig. 

2E). Immuno-histochemical stained 

sections revealed weak BCL-2 immune 

reaction with many negative cells (Fig.2F). 

 

 Silymarin monotherapy (GIV): H&E 

stained specimens of this group partially 

regained the normal histological 

architecture. All specimens displayed few 

mildly dilated biliary ductules, minimally 

dilated congested portal veins as well as 

focal areas of peri-portal and parenchymal 

mononuclear cellular infiltration (Fig.3A). 

Furthermore, there was mild dilatation of 

the congested hepatic sinusoids (Figs. 3B) 

with most of them showing Von Kupffer 

cells (Figs. 3C) in their walls. Most of the 

hepatocytes showed regular outlines, 

granular acidophilic cytoplasm with darkly 

stained rounded vesicular nuclei (Figs. 3B, 

C); yet, others still showing karyolysis 

(Fig. 3C). No extra cellular hemorrhage 

detected in all specimens. Sections stained 

with PAS revealed positive reaction in 

some hepatocytes' cytoplasm (Fig. 3D). 

Sections stained A little number of 

collagen fibers surrounding the portal triad 

were seen using Masson's trichrome (Fig. 

3E). Immune-histochemical stained 

sections revealed moderate positive BCL-2 

expression (Fig. 3F).   

 

 Vitamin E monotherapy (GV): H&E 

sections of the rat liver tissue of this group 

demonstrated pathological changes less 

than that found in group III. Most of the 

specimen showed normally packed 

hepatocytes cords radiating from mildly 
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congested central vein. Normal 

peripherally located portal triad with 

normal portal vein and normal bile 

ductules (Fig.4A). All specimens showed 

no evidence of extra-cellular hemorrhage, 

yet localized peri-portal and parenchymal 

mononuclear cellular infiltrations and 

localized areas of spacing in between the 

hepatocytes (Fig. 4C) near the portal triad 

were noticed, mild to moderate dilatation 

and congestion of hepatic sinusoids 

(Fig.4B). In few specimens, degenerated 

hepatocytes displayed ill-defined outlines, 

cytoplasmic rarefaction and nuclear 

pyknosis and karyolysis (Fig.4C). In PAS 

stained sections, all hepatocytes displayed 

moderate positive reaction denoting 

moderate glycogen content (Fig.4D). 

Masson's trichrome displayed moderate 

fibrosis around portal triad (Fig.4E). 

Sections stained with 

immunohistochemistry showed a 

moderate BCL-2 expression in hepatocytes 

cytoplasm (Fig.4F). 

 

 Combined Silymarin and Vitamin E 

therapy (GVI): H&E stained sections 

showed near normal hepatic architecture as 

compared to groups IV and V. Almost all 

central and portal veins appeared normal, 

apart from few mildly dilated and 

congested ones, localized peri-portal 

mononuclear cellular infiltrations and 

normal biliary ductules (Fig. 5A). Few 

hepatic sinusoids displayed mild dilatation 

with some of them appeared minimally 

congested and others were non-congested 

(Figs.5B) with few Von Kupffer cells seen 

(Fig.5C) within. Most of the hepatocytes 

showed granular acidophilic cytoplasm 

with darkly stained rounded vesicular 

nuclei, while few still displaying 

karyolysis and pyknosis of their nuclei 

(Fig.5C). No extracellular hemorrhage 

detected in all examined specimens. PAS 

stain elicited moderate staining of 

hepatocyte cytoplasm denoting high 

glycogen content (Fig.5D). Sections 

stained with Masson's trichrome 

revealed mild peri-portal collagen fibers 

deposition (Fig.5E). Immune-

histochemical stained sections 

demonstrated intense cytoplasmic 

expression of BCL- 2 (Fig.5F). 

 

3.2. Biochemical and statistical results:  

-As shown in Figs. 6A, 6B, 6C, ALT, AST 

and ALP serum levels showed no 

statistical significant difference between 

control groups (GI- GII), while, their mean 

values in the AgNPs-treated group (GIII) 

increased statistically significant (p < 
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0.001) in comparison to control groups. 

Silymarin and Vitamin E therapeutic 

groups (GIV, GV, GVI) showed statistical 

significant reduction of hepatic enzymes 

serum levels as compared to GIII, with 

near normal result recorded combined 

therapy in GVI. Although, The AST levels 

of GIV and GV did not show statistically 

significant difference, yet they were 

statistically significant higher than the 

control groups. 

-The oxidative stress MDA radicle and 

antioxidant GSH levels in AgNPs treated 

rats showed dramatic rise in MDA and 

decline in GSH levels in contrast to the 

control groups. On the contrary, significant 

statistical lowering in MDA and elevation 

of GSH activities was detected in 

Silymarin and vitamin E treated groups as 

compared to group III, being remarkable in 

combined anti-oxidant treatment in GVI 

(Figs. 6D, 6E).  

 

3.3. Histomorphometric findings:  

The mean% area of collagen fibers and 

mean values of BCL-2 optical density 

revealed no statistical difference between 

the control groups. High statistical 

significant increase in peri-portal collagen 

fibers deposition and decline in Bcl-2 

expression were found in GIII as compared 

to control groups, IV, V and VI indicating 

AgNPs hepatotoxicity with increased 

cellular apoptosis. In contrast, groups IV, 

IV and V showed noticeable decline in 

peri-portal fibrosis and increase in BCL2 

expression as compared to GIII indicating 

recovery with the best results documented 

in GVI. Interestingly, Vitamin E single 

therapy showed higher increase in peri-

portal fibrosis as compared to Silymarin 

single and combined therapy indicating 

that Silymarin has higher potentials in 

reducing hepatic fibrosis more than 

vitamin E (Figs. 7A, 7B). 
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Figure (1): Photomicrographs of rat liver tissue of the control groups. A. showing normal 

hepatic parenchyma with normal thin walled portal veins (PV) and normal biliary ductules 

(B)  (H&E X100). B. showing normal hepatic parenchyma displaying normal thin walled 

portal veins (PV), normal biliary ductules (B) and uniform hepatic sinusoids (S) between the 

hepatocytes(H&E X200). C. showing normal hexagonal hepatocytes radiating (bracketed by 

lines) from the normal thin wall central vein (CV) and uniform thin wall hepatic sinusoids 

(S) seen between the hepatocytes. All hepatocytes show regular outlines, granular 

acidophilic cytoplasm with darkly stained rounded vesicular nuclei (n) with few binuclear 

hepatocytes (N) (H&EX400). D. showing strong positive PAS reaction within the cytoplasm 

of hepatocytes (PASX200). E. showing normal pattern of collagen fiber deposition (arrows) 

around portal triads (M.T. X100). F. revealed strong BCL-2 reaction with positive cells 
(BCL-2 X400). 
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Figure (2): Photomicrographs of rat liver tissue of group III. A. showing thin irregular walled 

markedly dilated congested portal vein (PV) surrounded by mild biliary ductules hyperplasia (C). 

B. showing moderately dilated thin walled non congested portal vein (PV) surrounded by mild 

biliary ductules hyperplasia (B) as well as spacing between the hepatocytes (*) (H&E X100). C. 

showing wide areas of mononuclear infiltration (arrowheads) surrounding the portal triad and 

extends through the hepatic parenchyma (H&E X200). D. showing distorted hepatic parenchymal 

architecture. The hepatocytes show degenerative changes in the form of cytoplasmic rarefaction 

(R), pyknosis (dotted arrows) and karyolysis (thin arrows) of the nuclei. Focal areas of 

extracellular hemorrhage (H) are also noted (H&E X400). E. showing mild PAS reaction within 

the cytoplasm of hepatocytes (PAS X200). F. showing marked increase in collagen fibers 

(arrows) deposition around the portal triad (M.T. X100). G. revealed weak BCL-2 reaction with 

many negative cells (BCL-2 X400). 
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Figure (3): Photomicrographs of rat liver tissue of group IV. A. showing partial restoration of 

normal hepatic parenchymal architecture in the form of variable degree of mildly dilated, 

congestion portal veins (PV) and few mildly dilated biliary ductules (B). Focal areas of peri-

portal mononuclear infiltration (arrowheads) are seen around the portal triad and traversing the 

hepatic parenchyma (H&E X100). B. showing focal parenchymal mononuclear cellular 

infiltration (arrowheads) and mild dilatation and congestion of hepatic sinusoids (S). Most of 

the hepatocytes show normal rounded darkly stained vesicular nuclei (n) (H&E X200). C. 

showing mildly dilated, mildly congested hepatic sinusoids (S) with multiple Von Kupffer cells 

(red arrows). Most of the hepatocytes show regular outlines, granular acidophilic cytoplasm 

with darkly stained rounded vesicular nuclei (n) a part from few showing karyolysis (thin 

arrow) of their nuclei (H&E X400). D. showing moderate positive PAS reaction in the 

cytoplasm of some hepatocytes (PAS X200). E. showing mild amount of collagen fibers 

(arrows) encircling the portal triad   (M.T. X100). F. revealed moderate positive BCL-2 

reaction within the cytoplasm of hepatocytes (BCL-2 X400). 
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Figure. (4): Photomicrographs of rat liver tissue of group V.  A. showing preserved hepatic 

parenchymal architecture with normally packed radiating hepatocytes cords (bracketed by 

lines) from mildly congested central veins (CV) with normal portal vein (PV) and normal 

biliary ductules (B) (H&E X100) . B. showing mild to moderate dilatation and congestion of 

hepatic sinusoids (S) (H&E X200). C. showing localized area of hepatic parenchymal 

architecture distortion in the form of spacing (*) between the hepatocytes. Some hepatocytes 

show degenerative changes in the form of ill-defined outlines, cytoplasmic rarefaction (R), 

karyolysis (thin arrows) and pyknosis (dotted arrows) of their nuclei. Few hepatocytes show 

normal granular acidophilic cytoplasm with darkly stained rounded vesicular nuclei (n). Focal 

parenchymal area of mononuclear infiltration (arrowheads) is also noted (H&E X400). D. 

showing moderate positive PAS reaction in the cytoplasm of all hepatocytes (PAS X200). E. 

showing moderate amount of collagen fibers (arrows) encircling the portal triad (M.T. X100). 

F. revealed moderate positive BCL-2 reaction within the cytoplasm of hepatocytes (BCL-2 

X400). 
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Figure. (5):  Photomicrographs of rat liver tissue of group VI. A. showing radiating hepatic 

cords (bracketed by lines) from mildly dilated congested central veins (CV) with minimally 

dilated portal veins (PV) and normal biliary ductules (B). Scanty mononuclear infiltration 

(arrowhead) is seen surrounding the portal triad (H&E X100). B. showing mildly dilated 

congested and non-congested hepatic sinusoids (S). Preserved portal triad displaying normal 

portal vein (PV) and normal biliary ductules (B) (H&E X200). C. showing minimally 

congested hepatic sinusoids (S) with few Von Kupffer cells (red arrows) seen within. Most 

of the hepatocytes show granular acidophilic cytoplasm with darkly stained rounded 

vesicular nuclei (n) with few showing karyolysis (thin arrows) and pyknosis (dotted arrows) 

of their nuclei (H&E X400). D. showing moderate positive PAS reaction in the cytoplasm of 

all hepatocytes (PAS X200). E. showing mild amount of collagen fibers (arrows) encircling 

the portal triad (MT. X100). F. revealed strong positive BCL-2 reaction within the cytoplasm 

of hepatocytes (BCL-2 X400).  
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Figure (7): A. Bar charts showing comparison between collagen area percentage in Masson 

Trichrome Stain levels, B. Bar chart showing comparison between optical density of the 

Bcl-2 expression levels in different groups @ significant from control, # significant from 

group II, $ significant from group III, & significant from group IV, * significant from group 

V.  

 

 

 

Figure (6): Bar charts showing comparison between ALT, AST, ALP, MDA and GSH levels 

in different groups: @ Significant from control, # significant from group II, $ significant from 

group III, & significant from group IV, * significant from group V.  
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4. Discussion: 

AgNPs are the utmost utilized metallic 

nanoparticles. They are involved in 

managing several diseases such as liver 

injury [34,35,36], cardiac injury [37], 

pulmonary inflammation [38] and anti-

neoplastic agent [39]. Despite the fact that 

oxidative stress, DNA damage, cytotoxicity, 

and inflammatory reactions were noted [40], 

yet the exact mechanism of toxicity is still a 

mystery [41]. ROS over-production is 

greatly incriminated in AgNPs cytotoxicity 

[42, 43,44].  

 

Hassan et al. (2019) reported that the liver 

is where AgNPs primarily accumulate, 

followed by the kidneys, spleen, and lungs. 

Chalasani et al. (2015) elucidated that 

AgNps accumulate in the liver with 

consequent aggregates formation, result in 

mechanical cellular damage and functional 

disturbance. Further studies linked AgNps 

toxicity to their shape, size, coating and 

surface electric charge with the small 

positively charged ones being more 

destructive [47]. Ferdous and Nemmar 

(2020) proved that the extent of 

hepatotoxicity is proportionate to the size, 

dose and duration of AgNPs administration. 

In the present work, hepatic toxicity was 

generated by injecting 0.5mg /kg AgNPs I.P. 

for 30days, which was in agreement with 

Bastús et al. (2014). AgNPs treated rats led 

to disrupted hepatic architecture, dilated 

congested central and portal veins and 

significant hepatic sinusoids dilatation. That 

was in agreement with Assar et al. (2022) 

who added that reduction in liver weight 

was the first symptom and could be 

attributed to accelerated lipid peroxidation. 

The current result illustrated diffuse mild 

biliary hyperplasia with few markedly 

dilated ones. That was in partial consciences 

with Blanco et al. (2018), who reported that 

after receiving daily intraperitoneal 

injections of AgNps at varying doses for 28 

days, the most frequent outcome was 

cholangiopathy (1, 2, 4mg/kg B.W). In each 

treatment group, it was found to be dose 

dependent. 

However, Moradi-Sardareh et al. (2018) 

showed that after 9 days of intraperitoneal 

injection, different AgNPs (0.25, 0.5, 

1mg/kg) dosages were unable to produce 

any appreciable histological alterations. 

They suggested that their findings might be 

the consequence of the brief administration 

duration.  

The conducted work displayed hepatocytes 

cytoplasmic vacuolation/rarefaction, nuclear 

pyknosis and/or karyolysis as well as focal 

areas of extracellular hemorrhage. Similar 

results were reported following I.P injection 

of very high doses (25, 100 mg/kg) of 

AgNPs for 14 days [51]. In the present 

study, peri-portal and parenchymal 

inflammatory cellular infiltration was 

elucidated, which was in keeping with Jia 

and colleagues (2013) who demonstrated 

that silver nano enhances the pro-

inflammatory activity of kupffer cells 

leading to inflammatory changes and 

reduces fatty acid oxidation.  

Silymarin therapy in GIV partially alleviated 

AgNPs induced liver injury, which was in 

agreement with Bayader et al. (2013). 

Although, it can attenuate inflammatory 

cascades, oxidative stress and fibrotic 

changes, its precise mechanism of action is 
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still unrevealed [54]. In GV, giving 

400mg/kg Vitamin E orally for 30 ds 

exhibited hepato-protective effects, which 

was in accordance to Kuribayashi et al. 

(2010). On the contrary, Bashandy (2006) 

demonstrated that giving 100mg/kg Vitamin 

E daily for 28 ds was able to counteract 

hepatic damage following lead toxicity. 

Vitamin E treated rats showed partial 

restoration of histological structure, which 

were in agreement with trials carried out by 

Phung et al. (2009), using non-alcoholic 

fatty liver rat model and Karimian et al. 

(2015) using mouse model following partial 

hepatectomy. Moreover, recent studies 

proved that 100mg/kg vitamin E amended 

AgNPs toxicity in tongue papillae [58] and 

submandibular salivary glands ]59].  

Combined Vitamin E and Silymarin therapy 

showed almost normal hepatic architecture 

as compared to single Vitamin E or 

Silymarin treatment. Parallel to these results, 

Lamia and colleagues (2021) demonstrated 

that Silymarin (140mg/kg/day) therapeutic 

effects were boosted by coenzyme Q10 (200 

mg/kg/day) when given for 4weeks versus 

carbon tetrachloride inflected liver damage 

in an ovariectomized female rat model. 

Likewise, coupled vitamin E and C 

treatment against AgNPs accumulation in 

both liver and kidneys was more effective 

than giving each drug along [61].  

PAS-stained samples clarified normal 

hepatic glycogen content in control groups, 

which was markedly diminished after 

AgNPs injection. Silymarin and Vitamin E 

single or combined therapy partially 

replenished hepatic glycogen store, with the 

best result achieved by anti-oxidant co-

treatment. Comparable results recorded by 

Abo-El-Sooud et al. (2023) who stated that 

daily garlic acid (20 mg/k) treatment 

significantly regained hepatocytes glycogen 

content after sub-chronic Zinc oxide 

nanoparticles (100 mg ZNPs/kg) treatment. 

Masson's trichrome histological sections and 

histomorphometric data, illustrated marked 

peri-portal tract fibrosis with high statistical 

significant (p<0.001) in GIII, which was 

declined after Silymarin therapy more than 

Vitamin E single administration with the 

best results obtained on giving both. These 

results were in accordance with Assar et al. 

(2022), who found marked thickening of 

hepatic capsule and increase in inter- and 

intra-lobular fibrosis. In contrast, Yousof et 

al. (2022) recorded no abnormal collagen 

deposition on giving 0.5ml AgNPs (of a 

solution with 25 ppm AgNPs) orally for 

14days.  

In the current work, AgNPs-mediated 

apoptotic cell death is indicated by 

significant reduction (p<0.001) in Bcl-2 

immune expression. Treatment with 

Silymarin and vitamin E showed moderate 

Bcl-2 immune expression, which was 

augmented by their concomitant 

administration in GVI. Zielinska et al. 

(2018) recorded similar findings.  

The histological and immunohisto-chemical 

results were emphasized by biochemical 

findings. Rats given AgNPs displayed a 

statistically significant (p<0.001) rise in 

liver enzymes. Monotherapy with Silymarin 

or Vitamin E relatively lowered liver 

enzymes levels, with near normal result 

following their combined administration. 

Lately, liver damage and raised liver 
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enzymes following short [65] and long [48] 

exposure to AgNps were observed, which 

was in partial agreement to the present work. 

In contrast, Yousof and co-workers (2022) 

recorded no statistical difference in ALT and 

AST levels between AgNPs treated mice for 

two distinct periods (14 and 28 days) and the 

control ones.  

MDA is the principle oxidative stress 

marker [66]. GSH is an antioxidant 

scavenger that was implicated in the 

pathogenesis of multiple disorders [67]. In 

the current work, hepatic MDA levels is 

significant increased and is accompanied by 

significant depletion of GSH in GIII 

(p<0.001), which proved that AgNPs-

induced hepatotoxicity is mediated via 

enhancing oxidative stress and lipid 

peroxidation with reduction in antioxidant 

activity. Single administration of Silymarin 

or vitamin E partially alleviated oxidative 

stress and enhanced antioxidant activities as 

compared with GIII (p < 0.001) with almost 

normal results found after combination 

antioxidant therapy in GVI. Many studies 

were in keeping with the current findings 

(60,68). Atiba et al. (2016) postulate that 

AgNPs have great affinity for thiol group 

with consequent reaction with the sulfur 

containing proteins such as GSH, leading to 

GSH depletion.  

5. Conclusion 

The current study confirmed the 

hepatotoxic effect of AgNPs histologically, 

immunohistochemically and biochemically, 

which is probably carried out via enhancing 

inflammation, lipid peroxidation, enzymatic 

impairment, excess ROS formation with 

consequent oxidative stress damage and 

eventually apoptotic cell death. Mono-

therapy with antioxidants Silymarin or 

Vitamin E succeeded to partially alleviate 

AgNPs induced toxicity. Interestingly, 

Silymarin displayed higher potentials in 

reducing peri-portal fibrosis more than 

vitamin E. while, near normal result 

achieved by co-treatment with Silymarin 

and Vitamin E.  
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