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ABSTRACT 

The aim of this investigation was to determine the protective effect of vitamin E and selenium on chronic exposure to silver (Ag) 
induced liver injury in rats. Thirty male albino (Wistar) rats were divided into five groups of six each: the first group used as control 
group; group II given silver as silver nitrate (AgNO3)(20mg/l) in their drinking water;group III given vitamin E (400mg/kg) of diet and 
AgNO3; group IV given both AgNO3and selenium (1mg/l); group V given AgNO3, vitamin E and selenium. All groups were treated for 
three months. In Ag-intoxicated rats, an increase in lactate dehydrogenase (LDH) activity and cholesterol level, a decrease in total 
protein and alkaline phosphatase (ALP) activity were noticed. Moreover, the results also revealed that Ag ions affected antioxidant 
defense system by decreasing hepatic superoxide dismutase (SOD) activity and increasing vitamin E concentration in liver, in 
addition, histological study showed some hepatic tissue alterations. Treatment with vitamin E and/or selenium exhibited a defensive 
role on the toxic effects of silver on the parameters mentioned previously. In conclusion, selenium and vitamin E act as powerful 
antioxidants which may protect body against silver induced harmful effects. 

Keywords: silver, vitamin E, selenium, oxidative stress, liver injury, Wistar rats. 

 
INTRODUCTION 

ilver occurs naturally in the earth’s crust and is 
found in soil, fresh and sea water, and the air.1,2 It 
has antibacterial and antifungal activities and has 

been used as an additive in wound dressing catheters, 
bone cements, dental devices, hygiene textiles, 
photographic industry, jewelry, silverware, deodorant 
sprays, and other consumer products.3 Silver is not an 
acknowledged trace element in the human body and 
fulfills no physiological or biochemical role in any tissue.4 
The most common health effect associated with 
prolonged exposure to silver ions is the development of 
irreversible pigmentation of the skin (argyria) or the eyes 
(argyrosis).3,5 Silver nitrate is absorbed through the lung 
and mucous membranes.6 Its ion is transported in blood 
and bound to macroglobulin and albumin; most 
accumulation has been reported to occur in mammalian 
liver, skin, and fur.7,8 The cellular pathology and the 
molecular mechanisms involved in silver toxicity in 
mammalian cells are largely unknown. Similar to other 
transition metals, Ag+ has been shown to affect the 
cellular oxidative status.9 The role of both, endogenous 
and exogenous antioxidants in alleviating harmful effects 
associated with heavy metals exposure has been 
demonstrated in several experimental systems.10 Within 
this context, selenium is an essential nutrient for humans, 
animals and bacteria. It is important for many cellular 
processes because it is a component of several seleno 
proteins and seleno enzymes with essential biological 
functions.11 However, protective mechanisms of selenium 
vary from organ to organ.12 This trace element is known 
to antagonize the toxicity of silver ions which show 
chemical and morphological signs similar to those of 
selenium deficiency.13 Vitamin E is regarded as the most 

important lipid soluble biological antioxidant.14 In 
addition to preventing free radical – initiated lipid 
peroxidation damage, increasing evidence indicates that 
vitamin E may exert its biological functions in relation to 
its membrane localization property.15 Deficiency of 
vitamin E has been shown to impair the tolerance of rats 
to the presence of silver ions in the diet or drinking 
water.15,16 Therefore, this study was carried out to 
elucidate the possible changes in the levels of some 
biochemical hepatic parameters, lipid peroxidation, 
antioxidants and histopathology examination in 
experimental rats exposed to silver and treated with 
vitamin E and/or selenium. 

MATERIALS AND METHODS 

Chemicals 

Silver nitrate (AgNO3), sodium selenite (Na2SeO3), vitamin 
E (α-tocopherol), CDNB (1-chloro-2.4 dinitrobenzene), 
DTNB (5,5’dithio-bis-(2-nitrobenzoic acid), GSH (reduced 
glutathione), GSSG (oxidized glutathione) and 
epinephrine were obtained from sigma Chemical Co (St 
Louis, USA), bathophenanthroline and NADPH 
(nicotinamide adenine dinucleotide phosphate reduced 
form) were purchased from TCI (Tokyo Chemical industry 
co., LTD, Tokyo, Japan), all other chemicals used in the 
experiment were of analytical grade. 

Experimental animals 

All experiments were performed with ‘Wistar’ male rats 
weighing about 260-280g, which were purchased from 
Pasteur Institute, Algiers, Algeria. The animals were kept 
under good ventilation and were maintained on standard 
diet and water throughout the experimental period. They 
were kept at 22±2°C with the 12 h light/dark cycle and 
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40% humidity. All animal experiments were carried out 
according to the National Institute of Health Guide-lines 
for Animal Care and approved by the Ethics Committee of 
our Institution. After two weeks of adaptation, thirty rats 
were randomly divided into five groups of six each: group 
I fed standard diet and used as control group; group II 
received AgNO3 in their drinking water (20 mg/l); group III 
given both AgNO3 in drinking water (20 mg/l) and 
standard diet enriched with vitamin E at a dose of 400 
mg/kg diet; group IV received AgNO3 (20 mg/l) and 
selenium (1 mg/l) in drinking water; group V given AgNO3, 
vitamin E and selenium. During the course of treatment, 
body weight gain, food intake and water consumption 
were recorded regularly. The doses of AgNO3 and the 
period of treatment were basically selected on previous 
study of U.S. Environmental Protection Agency (EPA).7 
Vitamin E and selenium doses were also chosen on the 
clinical application and on results from previous 
investigations of Kim17 and Qingzhi18 respectively. The 
treatments of rats continued for a period of three 
months. At the end of the experiment, animals were 
sacrificed by cervical decapitation without anaesthesia to 
avoid animals stress. At the time of sacrifice, blood was 
transferred into non-heparinised tubes. Serum was 
obtained by centrifugation of the blood at 3000 rpm and 
then quickly frozen at -20 °C for biochemical analysis. 
Liver samples were rapidly excised, rinsed in ice cold 
saline [0.9% (w/v) NaCl]. Then, one lobe of liver was 
homogenized in a twice volume of ice cold TBS (50 mM 
TRIS, 150 mMNaCl, pH 7.4), the homogenates were 
centrifuged at 10.000g for 15 min at 4°C, and the 
resultant supernatant was frozen at -20°C for oxidative 
parameters analysis. The other lobe of liver was fixed in 
formol solution and used for histological studies. 

Biochemical analysis 

Serum biochemical markers: Transaminases (alanine 
transaminase: ALT, aspartate transaminase: AST), alkaline 
phosphatase (ALP), lactate dehydrogenase (LDH), 
cholesterol, triglycerides and total proteins were assessed 
using Spinreact Laboratory Spain diagnostic kits using 
spectrophotometer (Jenway 6505, Jenway LTD, UK). The 
references were as follow: AST-1001161, ALT-1001171, 
ALP-1001131, LDH-1001260, triglycerides-100131, 
cholesterol-1001091, total proteins-1001291. 

Determination of oxidative parameters 

Lipid peroxidation level 

Lipid peroxidation as evidenced by formation of 
thiobarbituric acid reacting substances (TBARS), were 
measured by the method of Esterbauer and 
Cheeseman.19 

Two hundred fifty microliters of tissue homogenate were 
added to 1.5 ml of 1% phosphoric acid (pH 2.0) and 1 ml 
of 0.6 % of TBA in air light tubes and heated for 45-60 min 
in a boiling water bath. After cooling, MDA 
(malondialdehyde)-TBA was extracted with 2.5 ml of 
butanol. Organic phase was separated by centrifugation 

for 5 min at 2000g and measured at 532 nm. A 99% 
TBARS are MDA, so TBARS concentration of the samples 
were calculated using the extinction coefficient of MDA at 
1.56x105M-1cm-1. Lipid peroxidation is expressed as nmol 
TBARS/mg prot. 

Estimation of enzymatic antioxidants 

The specific activity of liver superoxide dismutase (SOD) 
was determined according to the method described by 
Misra and Fridonich.20 Ten micro liters of tissue 
homogenate were added to 970 µl of EDTA – Sodium 
carbonate buffer (0.05M) at pH10.2. The reaction was 
started by adding 20 µl of epinephrine (30 mM) and the 
activity was measured at 480 nm for 4 min. A unit of SOD 
is defined as the amount of enzyme that inhibits by 50% 
the speed of oxidation of epinephrine and the results 
were expressed as U/mg protein. 

Glutathione peroxidase (GSH-Px) catalyzes the reduction 
of hydroperoxides by utilizing GSH as a reductant. 
Determination of tissue GSH-Px activity was carried out 
according to the method of Flohe and Gunzler.21 The 
reaction mixture contained 0.2 ml of TBS (pH 7.4), 0.4 ml 
of GSH (0, 1mM), 0.2 ml of homogenate was added and 
allowed to equilibrate for 5min at 25°C. The reaction was 
initiated by adding 0.2 ml of H2O2 (1.3 mM), reaction was 
terminated by addition of 1 ml of 1% TCA. Tubes were 
centrifuged at 1500 g for 5min and the supernatant was 
collected. To 0.48 ml of resultant supernatant, 2.2 ml of 
TBS (pH 7.4) and 0.32 ml of DTNB (1.0mM) were added. 
After mixing, absorbance was recorded at 412 nm and the 
specific activity of this enzyme is expressed as µmole 
GSH/mg protein. 

Glutathione -S- transferase (GST) activity of tissues was 
measured spectrophotometrically by the method of 
Habig22 using CDNB as electrophilic substrate that binds 
to GSH with the participation of the enzyme and forms a 
colored GSH-substrate complex, detected at 340nm. The 
activity of GST was expressed in terms of mmol CDNB-
GSH conjugate formed/min/mg protein. 

Glutathione reductase (GR) activity was based on the 
method of Goldberg and Spooner.23 The enzymatic 
activity was assayed photometrically by measuring, 
NADPH consumption. 

In the presence of GSSG and NADPH, GR reduces GSSG 
and oxidizes NADPH, resulting in a decrease of 
absorbance at 340 nm. 

Quantification was based on the molar extinction 
cœfficient of 6.22 mM-1cm-1 of NADPH, one unit of GR 
was defined as the amount of enzyme that reduced 1 
µmol GSSG (corresponding to the consumption of 1 µmol 
of NADPH) per minute at 25°C. The GR activities were 
expressed as one unit per milligram protein. 

Non-enzymatic antioxidants measurement 

GSH concentration was performed with the method 
described by Ellman24 based on the development of a 
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yellow color when DTNB is added to compounds 
containing sulfhydryl groups. In brief, 0.8 ml of tissue 
homogenate was added to 0.2 ml of 0.25 % sulphosalylic 
acid and tubes were centrifuged at 2500g for 15 min. 
Supernatant (0.5ml) was mixed with 0.025 ml of 0.01 M 
DTNB and 1ml TBS (pH 7.4). 

Finally, absorbance at 412 nm was recorded. Total GSH 
content was expressed as nmol GSH/mg prot. 

Vitamin E estimated by the method of Desai,25 to 1ml of 
tissue homogenate, 1 ml of ethanol and 3 ml of 
petroleum ether were added, shaken rapidly and 
centrifuged at 4000 rpm for 10 min, 2 ml of supernatant 
was evaporated to dryness at 80°C, to that added 0.2 ml 
of bathophenanthroline, 0.2 ml of ferric chloride and 
0.2ml of phosphoric acid kept in dark for 5 min and then 
complete with 3 ml ethanol. 

The color developed was read at 530 nm, vitamin E levels 
were expressed as mg vitamin E/mg protein. 

Protein determination 

The protein content of tissue samples were measured by 
the method of Bradford26 using bovine serum albumin as 
a standard. 

Histological studies 

For histological examination, liver was dissected and 
immediately fixed in formalin solution for 24 h, processed 
by using a graded ethanol series, and then embedded in 
paraffin. The paraffin sections were cut into 5 µm thick 
slices and stained with hematoxylin and eosin for light 
microscopic examination by Hould.27 The sections were 
then viewed and photographed. 

Statistical analysis  

All the results were expressed as mean values ± SEM. 
Comparisons between the groups were performed by 
one-way ANOVA followed by student’s t-test. Differences 
were considered significant at p≤0.05. 

RESULTS 

Effect of treatments on body weight, food intake, water 
consumption, absolute and relative liver weight 

AgNO3 dose (20 mg/l) did not affect clinical appearance, 
all animals survived until the termination of the study. It 
was observed that AgNO3 had no effect on body weight 
gain and relative liver weight, food intake and water 
consumption (Table 1). Meanwhile, AgNO3+Se treated 
group showed significant decrease (p ≤ 0.05) in relative 
liver weights as compared to AgNO3 exposed animals. 

Table 1: Body weight gain, relative liver weight, food intake and water consumption of control and experimental rats 

Treatments 
Control 

Mean ± SEM 

AgNO3 

Mean ± SEM 

AgNO3+vit E 

Mean ± SEM 

AgNO3 + Se 

Mean ± SEM 

AgNO3+ vit E+ Se 

Mean ± SEM 

Body weight gain (g) 88.57±32.63 97.14±57.21 75.72±51.12 97.14±18.42 66.71±47.97 

Relative liver weight (%) 3.37±0.37 3.44± 0.22 3.21±0.09 3.17±0.17 a 3.42± 0.46 

Food intake (g/rat/day) 21.22±2.02 23.5±4.21 24.58±  3.12 25.47± 1.69 22.5±3.55 

Water consumption 

(ml/rat/day) 
32.46±4.02 32.92±6.46 32.38±4.05 k 31.66±5.45 30.05±4.62a 

n = 6 (n: number of animals in each group); ap ≤ 0.05: significantly different from AgNO3; kp ≤ 0.01: statistical difference between AgNO3 + vit E and 
AgNO3 + vit E + Se 

Table 2: Changes in serum biochemical parameters (AST, ALT, ALP, LDH, cholesterol, triglyceride and total protein) of 
control and experimental rats 

Treatments 
Control 

Mean± SEM 

AgNO3 

Mean±SEM 

AgNO3+vit E 

Mean± SEM 

AgNO3 + Se 

Mean± SEM 

AgNO3+ vit E+ Se 

Mean± SEM 

AST (U/L) 56.99±12.94 72.01±16.86 66.20±21.50 64.17±18.34 72.92±10.24 

ALT (U/L) 34.22±16.57 36.70±16.74 43.07±14.59 36.55±9.12 45.28±11.15 

ALP (U/L) 93,06±28,65 58,85±17,73* 77±5,16 101,7±34,85b 83,6±28,14 

LDH (U/L) 481.2114.3 654.9±141.9* 436.9±156.1 443.8±160.7 370.2±141.0b 

Cholesterol 
(mmol/l) 1.86±0.62 3.12± 0.62** 1.26±±0.46c 1.64± 0.65b 1.32±0.31c 

Triglycerides 
(mmol/l) 

1.11±0.35 1.18±0.65 1.23± 0.13 1.52±0.4 1.26±0.4 

Total protein(g/dl) 7.28±1.68 4.78±1.06 ** 5.86±  0.66 a 7.80±1.01b k 5.20±.41 

n = 6 (n: number of animals in each group); *p ≤ 0.05, **p ≤ 0.01: significantly different from control group, 
ap ≤ 0.05, bp ≤ 0.01, cp ≤ 0.001: significantly different from AgNO3,.; 

kp ≤ 0.01: statistical difference between AgNO3 + Se and AgNO3 + vit E + Se 
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Effect of treatments on biochemical parameters 

As seen from table 2, AgNO3induced a significant increase 
(p ≤ 0.05) in LDH activity, a significant decrease (p ≤ 0.05) 
in ALP activity, a highly significant increase (p ≤ 0.01) in 
cholesterol and a highly significant decrease (p ≤ 0.01) in 
total proteins compared to the corresponding control 
values. Supplementation of vitamin E and/or Se to 
AgNO3-treated group restored the levels of ALP, total 
protein, LDH and cholesterol, the two later parameters 
presented a notable decreases(LDH: p ≤ 0.01, AgNO3 + vit 
E+ Se and cholesterol: p ≤ 0.001, AgNO3+ vit E, AgNO3+ vit 
E + Se, p ≤ 0.01, AgNO3+ Se) compared to metal exposed 
animals, while an amelioration in ALP activity (p ≤ 0.01, 
AgNO3+ Se), and total protein concentration (p ≤ 0.05, 
AgNO3 + vit E, p ≤ 0.01, AgNO3 + Se) compared to AgNO3 
group. 

Effect of treatments on oxidative stress parameters 

 
Figure 1: Reduced glutathione (GSH), vitamin E and lipid 
peroxidation levels in liver tissue of control and 
experimental rats 

Each value is a mean ± SEM; n = 6;  **p ≤ 0.01: significantly different 
from control group; bp ≤ 0.01, cp ≤ 0.001: significantly different from 
AgNO3,; µp ≤ 0.05, kp ≤ 0.01: statistical difference between AgNO3 + vit E, 
AgNO3 + Se and AgNO3 + vit E + Se 

Exposure to AgNO3 did not result significant variation in 
TBARS level in liver tissue compared to control group. 

However, AgNO3+ vit E treated group caused a highly 
significant decrease (p ≤ 0.01) in hepatic TBARS 
concentrations when compared to AgNO3 animals (Figure 
1). 

Liver GSH content was not affected in Ag-exposure, while, 
a very highly significant increase(p ≤ 0.001) in Se 
supplemented group was observed in comparison with 
AgNO3 animals. 

Liver vitamin E concentration was increased in AgNO3 
treated group compared to controls (p ≤ 0.01), this 
concentration was highly significant decreased (p ≤ 0.01) 
in AgNO3 + Se and AgNO3 + vit E + Se treated groups 
compared to AgNO3 group. 

Data on GSH-Px, GST, GR and SOD activities are presented 
in figure 2 and figure 3. 

Liver GR, GSH-Px and GST activities were not altered 
under the pro-oxidant AgNO3. 

However, hepatic SOD activity was decreased (p ≤ 0.05) in 
AgNO3 group compared to the control group. 

 
Figure 2: Glutathione peroxidase (GSH-Px) and 
glutathione reductase (GR) activities in liver tissue of 
control and experimental rats 

 
Figure 3: Superoxide dismutase (SOD) and glutathione 
transferase (GST) activities in liver tissue of control and 
experimental rats 

Each value is a mean ± SEM; n = 6; *p ≤ 0.05: Significantly different from 
control group 

Histological results 

Microscopic examinations of the liver sections after 3 
months from the control group showed normal 
architecture (Figure 4.A1.A2). However, histopathological 
examination of liver from rats treated with silver revealed 
the absence of radial arrangement of hepatocytes with 
vascular congestion; sinusoidal dilatation was observed 
along with erythrocyte accumulation, congestion and 
enlargement in portal veins (Figure 4.B1.B2). 

In Vitamin E supplementation, the normal arrangement of 
hepatocytes was restored with normal sinusoidal spaces 
though congestion was seen in around central vein 
(Figure 5.C). In AgNO3 + Se treated group, no venal 
congestion was observed, but enlargement of sinusoids 
and irregular histological structures were still presented 
(Figure 5.D). The co-administered of vitamin E and Se 
showed that the lamellar pattern of hepatocytes was 
restored in comparison with metal exposed rats, though, 
venal erythrocytes accumulation and congestions were 
seen as shown in Fig 5.E1.E2. 
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DISCUSSION 

In the present study, bodyweight gain and relative liver 
weight of animals were not affected by AgNO3. Such an 
observation does not agree with some previous studies 
where growth rates were retarded or bodyweight gain 
was decreased following oral administration of silver 
ions,28,29 even though few studies reported that in a range 
of oral investigations, silver administration did not affect 
body weight.30,31 Also no appreciable changes were 
observed in diet and water consumption in rats exposed 
to AgNO3. Simultaneously, the treatment with selenium 
and/or vitamin E did not result any variations in body 
weight gain and food intake except for a lower 
consumption of water in AgNO3 + vit E + Se treated-group 
which could be a spurious finding and not an indication of 
toxicity effects. Liver plays a central role in the 
detoxification process faces the threat of maximum 
exposure to xenobiotics and their metabolic by product.32 
Serum enzymes including AST, ALT, LDH and ALP are used 
in the evaluation of hepatic damage. Silver exposure 
caused an increase in LDH and a decrease in ALP activities 
in serum of rats comparing to controls. Increased levels of 
LDH could be attributed to liver disease, myocardial 
infarction or muscular dystrophy,33 the ALP is an enzyme 
which is presented in rat with high proportion in 
intestine, a decreased serum ALP may be due to 
hypothyroidism, hypoparathyroidism, malnutrition 
and/or gastrointestinal disease.34 Thus, several studies 
demonstrated that silver ions had an effect on the 
gastrointestinal tract.35,36 Similarly to these results, some 
reports found an alteration in blood serum enzymes 
activities following oral administration of ionic silver or 
silver nanoparticles.7,37,38 Our investigation showed also 
that chronic silver administration led to an increase in 
blood cholesterol and a decline in serum total protein.28 
Hypercholesterolemia might be resulted from 
hypothyroidism, hyper lipoproteinemia and/or liver 
toxicty.39,40 However, the decrease in serum total protein 
of Ag-treated rats might be due to changes in proteins 
synthesis and/or metabolism.41 Meanwhile, the findings 
showed that animals treated with vitamin E and /or 
selenium presented lower blood LDH and cholesterol and 
higher ALP and total protein values than those of metal 
exposed animals, a findings which have also been 
observed by other researchers.13,14 

ROS are a group of short-lived reactive oxidants, including 
the superoxide radical(O2

°-), hydroxyl radical (OH°), 
hydrogen peroxide (H2O2), and singlet oxygen (1O2). ROS 
can be generated directly or indirectly inside cells, and 
oxidative stress results from an imbalance between ROS-
generation and cellular defensive functions, including 
those of antioxidant enzymes and antioxidants. Oxidative 
stress engenders many problems in cells, such as protein 
oxidation, DNA damage, and lipid peroxidation.42 Silver 
has been suggested to induce reactive oxygen species 
generation,10,42 in the current study, no significant 
variations in liver TBARS levels as biomarkers of lipid 
peroxidation were remarked in metal exposed group, a 

result which could be correlated with any significant 
changes in antioxidant enzymes activities such as GSH-Px, 
GR and GST, except a significant decrease in hepatic SOD 
activity. Moreover, estimation of non- enzymatic 
antioxidants showed an increase in hepatic vitamin E 
concentration. Thus, the unchangeable TBARS levels 
could be explained by the rapidly elimination of silver, 
whether administered orally or parenterally from liver 
into the bile (about 70% - 90% of administered dose 
within 24 hours).30,43 In addition Wijnhoven44 have 
hypothesized that the toxic effects of silver are 
proportional to free silver ions which could be associated 
with the dose of intoxicant used in experiment. The 
decrease of SOD activity in AgNO3 intoxicated animals 
may be owed to the consumption of this enzyme in 
converting the O2

°- to H2O. In other words, Park42 found 
that AgNO3 increased the production of superoxide anion 
radicals within mitochondria. Thus, it might be due to the 
reaction with SH groups of enzymes belonging to the 
respiratory chain. Whereas, the augmentation of hepatic 
vitamin E level might be induced by silver ions like some 
transition metal as cadmium which increases the 
concentration of vitamin E in the liver.45 Animals treated 
with vitamin E and/or Se presented important differences 
in cellular oxidative status by reduction of lipid 
peroxidation and an increase of GSH content. Thus, these 
results have been accentuated by some investigators who 
demonstrated the powerful antioxidant role of both 
vitamin E and Selenium.46 In other words, selenium is an 
essential constituent of glutathione peroxidase, which 
catalyzes the degradation of hydrogen peroxide and 
organic hydroperoxide and vitamin E is the major lipid-
soluble antioxidant which interacts directly with a variety 
of oxygen radicals, including superoxide. It is known to 
accumulate in the inner mitochondrial membranes, 
where it protects them against respiratory oxidative 
stress.46 Liver toxicity as also evaluated by histopathology 
included venal enlargement and congestion, venal 
erythrocytes accumulation, vascular congestion, 
sinusoidal dilatation and irregular hepatocytes 
arrangement, but neither inflammatory cell infiltration 
nor necrosis or apoptosis was observed.29 

 
Figure 4: Effect of silver (Ag) on histological damage in 
the liver. Control (A1×250, A2×400), treated with Ag 
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(B1×250, B2×400). Optic microscopy section were stained 
using the haematoxylin-eosin method 

H: hepatocytes,           congestion of veins, 

dilatation of veins,           vascular congestion,       
dilatation of sinusoids 

Presumably, silver cytotoxicity was not mediated by the 
concurrent lipid peroxidation,9 while treatment with 
antioxidants was seen to diminish hepatic parenchymal 
alterations compared to silver treated group. Therefore, 
these findings are consistent with some toxicological 
studies which reported that deficiency of dietary vitamin 
E and selenium induced a number of lesions including 
erythrocyte hemolysis, myodegeneration, liver necrosis 
and kidney degeneration in rats depending upon the 
degree of depletion.13,15 

 
Figure 5. Effect of vitamin E and/or selenium (Se) 
administered with silver (Ag) on histological damage in 
the liver. Ag-vit E (C×250), Ag-Se (D×250), and Ag-vit E-Se 
(E1×100, E2×250). Optic microscopy section were stained 
using the haematoxylin-eosin method. Optic microscopy 
section were stained using the haematoxylin-eosin 
method 

            Congestion of veins,  dilatation of sinusoids 

CONCLUSION 

The present data showed that silver intoxication altered 
serum blood enzymes such as LDH and ALP activities, 
induced a hypercholesterolemia, disturbed antioxidant 
system especially hepatic SOD activity and vitamin E 
content and caused parenchymal hepatic disorders, an 
effects which could be more toxic in high doses or in long 
term exposure. However oral administration of selenium 
or vitamin E attenuated the adverse effects of this metal, 
it interacts with selenium resulted in the formation of 
silver selenide deposits in the liver which may be 
considered a silver detoxification process; also vitamin E 
is characterized by preventing metal influences. 

In brief an equilibrate alimentation; rich in antioxidants 
can prevent silver toxicity. 
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