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Due to undesirable hazardous interactions with biological systems, this investigation was undertaken to
evaluate the effect of chronic exposure to silver on certain biochemical and some oxidative stress parame-
ters with histopathological examination of brain, as well as the possible protective role of selenium and/or
vitamin E as nutritional supplements. Thirty six male rats were divided into six groups of six each: the first
group used as a control group. Group II given both vitamin E (400 mg/kg) of diet and selenium (Se)
(1 mg/L) in their drinking water. Group III given silver as silver nitrate (AgNO;) (20 mg/L). Group IV
given vitamin E and AgNO;. Group V given both AgNO; and selenium. Group VI given AgNO;, vitamin
E and Se. The animals were in the same exposure conditions for 3 months. According to the results which
have been obtained; there was an increase in serum lactate dehydrogenase (LDH), lipase activities and
cholesterol level, a decrease in serum total protein, calcium and alkaline phosphatase (ALP) activity in Ag-
intoxicated rats. Moreover, the findings showed that Ag' ions affected antioxidant defense system by
decreasing superoxide dismutase (SOD) activity and increasing vitamin E concentration with a high level
of malondialdehyde (MDA) in brain tissue. The histological examination also exhibited some nervous tis-
sue alterations including hemorrhage and cytoplasm vacuolization. However, the co-administration of
selenium and/or vitamin E ameliorated the biochemical parameters and restored the histological alter-
ations. In conclusion, this study indicated that silver could cause harmful effects in animal body and these
effects can be more toxic in high concentrations or prolonged time exposure to this metal. However, sele-
nium and vitamin E act as powerful antioxidants which may exercise adverse effect against the toxicity of

this metal.
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INTRODUCTION

Each year, thousands of new chemicals are released into
the environment, a substantial proportion of which are likely
to elicit developmental neurotoxicity. Recently, there has
been an explosive increase in the use of silver (Ag) in medi-
cal and consumer products, largely in the form of silver
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nanoparticles, leading to a corresponding increase in human
and ecosystem exposures (1,2). Silver is considered toxic
for humans, aquatic and terrestrial animals (3,4). The cellu-
lar pathology and the molecular mechanisms involved in
their toxicity in mammalian cells are largely unknown. The
recommendations of the World Health Organization (WHO)
permit maximal concentrations of 0.1 mg/L of silver ions in
drinking water disinfection (5) and it is known that chronic
exposure leads to argyria, a clinical entity characterized by
gray-blue pigmentation of the skin and other body viscera
(6). In addition some studies have examined the neurotoxic-
ity effects of silver in experimental animal studies and
human clinical reports. Ohbo et al. (7) have concluded that
the seizures observed in an argyric patient were likely to be
due to the presence of silver in the patient’s central nervous
system (CNS). Landas et al. (8) have observed the deposi-
tion of silver nitrate (AgNO,) in circumventricular organs
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(CVO) and in paraventricular and supraoptic nuclei of
hypothalamus, thus, Rungby and Danscher (9) have sug-
gested that the hypoactivity of mice treated by Ag is due to
an influence of silver upon the functional status of the CNS.
Rungby et al. (10) have found that a direct administration of
silver salts to neonatal rats results in damage to particularly
vulnerable areas of brain, such as the hippocampus. The
role of antioxidants like vitamin E and selenium (Se) is
known to alleviate harmful effects associated with heavy
metals (11). Moreover, Se is a component of several seleno-
proteins and selenoenzymes with essential biological func-
tions (12). It has been widely recognized as an essential
dietary component with numerous beneficial effects on
health, namely by its pharmacotherapeutic efficacy against
brain diseases (13). This trace element is known to antago-
nize the toxicity of silver ions (14).Vitamin E is a lipid-sol-
uble chain-breaking antioxidant which protects, especially,
biological membranes from lipid peroxidation (15). Defi-
ciency of dietary vitamin E and selenium has been showed
to induce a number of lesions in rats depending upon the
degree of depletion (16). The functional interrelation ship
between vitamin E and selenium has long been recognized
(17). In view of the above considerations, the present study
was carried out to estimate the toxicity of silver on animal
body and to evaluate the efficacy of vitamin E and sele-
nium to alleviate this toxicity by measuring some biologi-
cal serum markers and oxidative stress markers including
brain lipid peroxidation (LPO) and antioxidants parameters
with brain histopathology examination.

MATERIALS AND METHODS

Chemicals. Silver nitrate (AgNO,), sodium selenite
(Na,Se0,), vitamin E (a-tocopherol), CDNB (1-chloro-2.4
dinitrobenzene), DTNB (5,5 ‘dithio-bis-(2-nitrobenzoic acid)),
GSH (reduced glutathione), GSSG (oxidized glutathione)
and epinephrine bathophenanthroline and NADPH (nicotin-
amide adenine dinucleotidephosphate reduced form) were
obtained from sigma Chemical Co. (St Louis, Saint-Quen-
tin Fallavier, France) and all other chemicals used in the
experiment were of analytical grade.

Experiment animals. All experiments were performed
with “Wistar’ male rats weighing about 260~280 g, which
were purchased from Pasteur Institute, Algiers, Algeria. The ani-
mals 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 hr light/dark
cycle and 40% humidity. All animal experiments were car-
ried out according to the National Institute of Health Guide-
line for animal care and approved by the Ethics Committee
of our institution. After two weeks of adaptation, thirty six
rats were randomly divided into six groups of six each.
Group I fed standard diet and used as control group. Group

II received vitamin E at a dose of 400 mg/Kg diet and sele-
nium (1 mg/L) in their drinking water. Group III received
AgNO; in their drinking water (20 mg/L). Group IV given
both AgNO; (20 mg/L) and standard diet enriched with
vitamin E (400 mg/kg). Group V received AgNO; (20 mg/
L) and selenium (1 mg/L). Group VI given AgNO,, vita-
min E and Selenium. During the course of treatment, body
weight gain, food intake and water consumption were
recorded regularly. The doses of AgNO; and the period of
treatment were basically selected on previous study of
Environmental Protection Agency (EPA) (18). Vitamin E and
selenium doses were also chosen on the clinical application
and on results from previous investigations of Kim et al.
(19) and Qingzhi ef al. (20) respectively. The treatments of
rats continued for a period of three months. At the end of
the experiment, animals were sacrificed by cervical decapi-
tation without anesthesia to avoid animals stress, 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. Brain samples
were rapidly excised, rinsed in ice cold saline [0.9% (W/v)
NacCl]. Then, one lobe of brain was homogenized in a twice
volume of ice cold TBS (50 mM TRIS, 150 mM NaCl, pH
7.4), the homogenates were centrifuged at 10.000 g for
15 min at 4°C, and the resultant supernatant was frozen at
—20°C for oxidative parameters analysis. The other lobe of
brain was fixed in formol solution and used for histological
examination.

Biochemical analysis. Serum biochemical markers:
glucose, transaminases (glutamic pyruvic transaminase: GPT,
glutamic oxaloacetic transaminase: GOT), alkaline phos-
phatase (ALP), lactate dehydrogenase (LDH), direct biliru-
bin, total proteins, albumin, cholesterol, triglycerides, total
lipids, creatinine, urea, uric acid, lipase, a-Amylase, cal-
cium, phosphor were assessed using Spinreact Laboratory
Spain diagnostic kits using spectrophotometer (Jenway
6505, Jenway LTD, Essex, UK). The references were as fol-
low: glucose-41011, GOT-1001161, GPT-1001171, ALP-
1001131, LDH-1001260, direct bilirubin-1001044, total pro-
teins-100129, albumin-1001020, cholesterol-1001091, tri-
glycerides-100131, total lipids-1001270, creatinine-1001110,
urea-1001331, uric acid-1001010, lipase-1001275, a-Amy-
lase-41201, calcium-1001061, phosphor-1001150.

Determination of oxidative parameters.

Lipid peroxidation level: Lipid peroxidation as evi-
denced by formation of thiobarbituric acid reacting sub-
stances (TBARS), were measured by the method of Esterbauer
and Cheeseman (21). 250 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 the samples was
cooled to room temperature and MDA (malondialdehyde)-
TBA was extracted with 2.5 mL of butanol. Organic phase



Vitamin E and Selenium Attenuate Silver Neurotoxicity 303

was separated by centrifugation for 5 min at 2000 g and
measured at 532 nm. A 99% TBARS are MDA, so TBARS
concentration of the samples were calculated using the
extinction coefficient of MDA is 1.56 x 10° M 'em™. Lipid
peroxidation is expressed as nmol TBARS/mg prot.

Estimation of enzymatic antioxidants: The specific
activity of brain superoxide dismutase (SOD) was deter-
mined according to the method described by Misra and
Fridonich (22). 10 pL of tissue homogenate were added to
970 pL of ethylene diamine tetraacetic acid (EDTA) -
Sodium carbonate buffer (0.05 M) at pH10.2. The reaction
was started by adding 20 pL 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 Ul/mg protein.

Glutathione peroxidase (GSH-Px) catalyzes the reduc-
tion 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 (23). The
reaction mixture contained 0.2 mL of TBS (Tris 50 mM,
NaCl 150 mM, pH 7.4); 0.4 mL of GSH (0.1 mM), 0.2 mL
of homogenate was added and allowed to equilibrate for
5 min at 25°C. The reaction was initiated by adding 0.2 mL
of H,0, (1.3 mM); reaction was terminated by addition of
1 mL of 1% Trichloroacetic acid (TCA). Tubes were centri-
fuged at 1500 g for 5 min 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 (1.0 mM) were added. After mixing,
absorbance was recorded at 412 nm and the specific activ-
ity of this enzyme is expressed as umol GSH/mg protein.

Glutathione-S-transferase (GST) activity of tissues was
measured spectrophotometrically by the method of Habig et
al. (24) using CDNB as electrophilic substrate that binds to
GSH with the participation of the enzyme and forms a col-
ored GSH-substrate complex, detected at 340 nm. The
activity of GST was expressed in terms of pmol CDNB-
GSH conjugate formed/min/mg protein.

Glutathione reductase (GR) activity was based on the
method of Goldberg and Spooner (25). The enzymatic activ-
ity was assayed photometrically by measuring, NADPH con-
sumption. In the presence of oxidized glutathione (GSSG)
and NADPH, GR reduces GSSG and oxidizes NADPH,
resulting in a decrease of absorbance at 340 nm. Quantifica-
tion was based on the molar extinction ccefficient of 6.22
mM'em™ of NADPH, 1 unit of GR was defined as the
amount of enzyme that reduced 1 pmol GSSG (correspond-
ing to the consumption of 1 umol of NADPH) per minute at
25°C. The GR activities were expressed as 1 unit per milli-
gram protein.

Catalase activity (CAT) measured using the method of
Sinha (26). It is based on the fact that dichromate in acetic
acid is reduced to chromic acetate when heated in the pres-
ence of H,O,, with the formation of perchromic acid as an

unstable intermediate. The chromic acetate thus produced is
measured calorimetrically at 570~610 nm. Since dichro-
mate has no absorbance in this region, the presence of the
compound in the assay mixture does not interfere at all with
the colorimetric determination of chromic acetate. The cata-
lase preparation is allowed to split H,O, for different peri-
ods of time. The reaction is stopped at a particular time by
the addition of dichromate/acetic acid mixture and the
remaining H,0, is determined by measuring chromic ace-
tate calorimetrically after heating the reaction mixture.

Non-enzymatic antioxidants measurement. GSH
concentration was performed with the method described by
Ellman (27) based on the development of a yellow color
when DTNB is added to compounds containing sulthydryl
groups. In brief, 0.8 mL of tissue homogenate was added to
0.2 mL of 0.25% sulphosalylic acid and tubes were centri-
fuged at 2500 g for 15 min. Supernatant (0.5 mL) was
mixed with 0.025 mL of 0.01 M DTNB and 1 mL 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 (28), to
1 mL 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 evapo-
rated to dryness at 80°C, to that added 0.2 mL of batho-
phenanthroline, 0.2 mL of ferric chloride and 0.2 mL 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 Bradford (29)
using bovine serum albumin as a standard.

Histological studies. For histological examination, brain
was dissected and immediately fixed in formalin solution
for 24 hr, processed by using a graded ethanol series, and
then embedded in paraffin. The paraffin sections were cut
into 5 um thick slices and stained with hematoxylin and
eosin for light microscopic examination (30). 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 #-
test. Differences were considered significant at p < 0.05.

RESULTS

Effect of treatments on body weight, food intake,
water consumption and relative brain weight. AgNO,
dose (20 mg/L) did not affect clinical appearance, all ani-
mals survived until the termination of the study. It was
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Table 1. Body weight gain, relative brain weight, food intake and water consumption of control and experimental rats

Treatments Control vit E + Se AgNO; AgNO;+vVvitE  AgNO;+ Se AgNO; + vit E + Se
(n=06) (n=16) (n=6) (n=6) (n=6) (n=16)

Body weight gain' 88.57+32.63 80.71+20.34 97.14+5721 75.72+51.12 97.14 £ 18.42 66.71 £47.97

Relative brain weight’ 0.33 £0.05 0.31 +£0.06 0.33 £0.07 0.35+0.04 0.33£0.01 0.38 £ 0.06

Food intake’ 21.22+£2.02 23.45+4.07 23.5+4.21 24.58+£3.12 2547 +1.69 22.5+3.55

Water consumption® 32.46 +4.02 30.06 +5.10 32.92+6.46 3238+£4.05"  31.66+5.45 30.05 + 4.62*

Values are means + SEM, n: number of animals in each group.

*p < 0.05: significantly different from AgNO,, **p < 0.01: statistical difference between AgNO; + vit E and AgNO; + vit E + Se, Units: 'g; *%; *g/

rat/day; *mL/rat/day.

observed that AgNO; had no effect on body weight gain
and relative brain weight, food intake and water consump-
tion (Table 1), except AgNO, + vit E + Se treated group
showed significant decrease (p < 0.05) in water consump-
tion as compared to AgNO; exposed animals.

Effect of treatments on biochemical parameters. As
seen from Table 2, AgNO; induced a significant increase
(» <0.05) in LDH and lipase activities, a significant de-
crease (p <0.05) in ALP activity and calcium content, a
highly significant increase (p <0.01) in cholesterol and a
highly significant decrease (p <0.01) in total proteins com-
pared to the corresponding control values. Supplementation
of vitamin E and/or Se to AgNOs-treated group restored the
levels of ALP, total protein, LDH and cholesterol, the two
later parameters presented a remarkable decreases (LDH:
p<0.01, AgNO; +vit E+ Se and cholesterol: p <0.001,

AgNO; + vit E, AgNO; + vit E + Se, p <0.01, AgNO; + Se)
compared to metal exposed animals, while an amelioration
in ALP activity (p <0.01, AgNO; + Se), and total protein
concentration (p < 0.05, AgNO; + vit E, p <0.01, AgNO; +
Se) compared to AgNO; group. In addition, total serum lip-
ids were decreased in AgNO; + vit E + Se group compared to
AgNO; (p<0.001), AgNO; +vit E (p<0.01) and AgNO; +
Se (p < 0.05).

Effect of treatments on oxidative stress parameters.
As shown in Fig. 1, exposure to AgNO; produced a highly
significant rise (p <0.01) in TBARS levels in brain com-
pared to control group. However, this parameter was reduced
by vitamin E (p <0.05) or selenium (p <0.01) supplemen-
tation compared to Ag-intoxicated group. Brain GSH con-
tent was not affected in Ag-exposure, while a very highly
significant decrease (p <0.001) in Se supplemented group

Table 2. Variation biochemical parameters in serum of control group and experimental rats

Treatments Control vit E + Se AgNO; AgNO; + Vit E AgNO; + Se AgNO; + vit E + Se
(n=6) (n=6) (n=6) (n=6) (n=6) (n=6)
Glucose' 0.13£0.02 0.14+0.013 0.13+0.01 0.14+0.03 0.15+0.022 0.14+0.01
GOT? 56.99+12.94  76.05+12.05 72.01 +16.86 66.20 +21.50 64.17 +18.34 72.92 £ 10.24
GPT? 342241657 2727+1039  36.70+16.74 43.07 + 14.59 36.55+9.12 4528+ 11.15
LDH? 4812+ 1143 411.23+113.8  654.9 £141.9* 436.9 + 156.1 443.8 + 160.7 370.2 + 141*
APL? 93.06+£28.65 116.78+£29.65  58.85+17.73* 77+5.16 101.7 + 34.85% 83.6 +28.14
Direct bilirubin' 2.08 +0.68 207406 2.08+0.87 1224025 2.12+0.53 2.3240.59
Total proteins' 7.28 +1.68 6.46 + 0.87 478 + 1.06** 5.86 + 0.66" 7.80 + 1.01% 52+0.41
Albumin' 3.27+0.84 2.94+0.97 3.49 +0.65 3.14+ 033 3.75+0.52 3.14+0.9
Cholesterol® 1.86+0.62 1.66 +0.76 3.12 +0.62%* 1.26 + 0.46" 1.64 + 0.65" 1.32+0.31%
Triglycerides® 1.11+0.35 1.20+0.48 1.18 £ 0.65 1.23+0.13 1.52+04 126+04
Total lipids* 262.59+71.2  32626+131.9 341.67+554 323.07+68.5"  323.77+29.4" 219.6 £ 61.9"%
Creatinine’ 0.69 + 0.29 1.03+0.14 1.015+0.24 1.052+0.52 0.86 +0.23 0.95+0.37
Urea® 352+ 11.53 32.41+8.69 33.33+5.42 36.61 +5.35 37.21+6.42 36.08 + 5.00
Uric acid’ 4.05+0.88 473+0.89 4.02+1.52 445+126 4.86+0.82 422+ 144
Lipase’ 17943 £ 464  123.41+£3547  247.7+39.5% 2241 +63.3 221.43 +64.8 170.16 + 73.5
a-Amylase? 531.6+£93.5  622.62+9593  548.7+90.5 537.1+£49.7 605.4 +152.5 635.8+95.5
Calcium® 11.95+1.24 11.48£2.84 9.73 +2.46* 1020 £2.91 11.56 £2.94 11.69 +2.06
Phosphor’ 7.73+1.81 6.22+0.73 6.25+0.80 6.15+1.11 6.28+1.19 6.48+0.7

Values are means + SEM, n: number of animals in each group.

*p < 0.05, **p < 0.01: significantly different from control group, *p < 0.05, *p < 0.01, **p < 0.001: significantly different from AgNO,, *p < 0.05,
*p < 0.01: statistical difference between AgNO; + vit E, AgNO; + Se and AgNO; + vit E + Se.

Units: 'g/dL; *U/L; *mmol/L; *mg/dL.
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Fig. 1. Lipid peroxidation levels in brain tissue of control and
experimental rats. **p < 0.01: significantly different from control
group, *p < 0.05, *¥*p < 0.01: significantly different from AgNO;.
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Fig. 2. Brain non-enzymatic antioxidant levels of control and
experimental rats. (A) Reduced glutathione (GSH); (B) vitamin E.
*p < 0.01: significantly different from control group, *p < 0.05:
significantly different from AgNO,;, ™'p < 0.001: statistical differ-
ence between AgNO, + vit E, AGNO; + Se and AgNO, + vit E + Se.

was observed in comparison to AgNO; + vit E + Se treated
animals. Meanwhile, the latter group presented a signifi-
cant increase (p < 0.05) in GSH concentration compared to
metal exposed rats (Fig. 2A). Furthermore, AgNO; was
found to increase brain vitamin E quantity (p <0.01) (Fig.
2B). Data on GSH-Px, GST, GR, CAT and SOD activities
are presented in Fig. 3 and 4. Brain GSH-Px, GR, GST and
CAT activities were not altered under AgNO;. However, it
was noted that silver caused a significant decline (p < 0.05)
in SOD activity. Moreover, vitamin E treatment revealed a
highly significant elevation (p <0.01: AgNO,, p<0.01:
AgNO; +vit E+Se) in GSH-Px activity. Similarly this
activity was increased by selenium treatment (p <0.01:
AgNO;, p <0.05: AgNO; + vit E + Se). It was also observed
that Se increased significantly (p < 0.05: AgNO;, AgNO; +
vit E + Se) SOD activity and decreased significantly (p <
0.05: AgNO;) CAT activity.

Histological results. Upon histological examination of
control rats and vitamin E + Se treated rats, tissue presented
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Fig. 3. Brain enzymatic antioxidant levels of control and experi-
mental rats. (A) GSH-Px; (B) GST, C: GR. *p < 0.01: statistical dif-
ference from AgNO,, “p<0.05, *p<0.01: statistical difference
between AgNO, + vit E, AgNO; + Se and AgNO; + vit E + Se.

i |

AgN03 + Vlt AgNO3 + Se AgN03 + Vit

E +Se

Control Vit E+ Se AgNO3 AgN03 + Vlt AgNO3 + Se AgN03 + Vit
E +Se
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Fig. 4. Brain enzymatic antioxidant levels of control and experi-
mental rats. (A) SOD, (B) CAT. *p < 0.05: significantly different from
control group, *p < 0.05: statistical difference from AgNO;, *p <
0.05: statistical difference between AgNO;+vit E, AgNO; + Se
and AgNO; + vit E + Se.

normal histoarchitecture (Fig. 5A, 5B). In the Ag-treated rats,
histological sections showed abnormalities (Fig. 5C) when
compared to controls. Histopathological changes were alle-
viated in the administration of vitamin E (Fig. 5D) or Se
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® ®

Fig. 5. Photographs showing histological changes in cerebral
tissue in different groups; Control group (A); (Vit E + Se)-treated
group (B), histological picture showed normal brain tissue; Ag-
treated group (C) showed some abnormalities; nervous tissue
exhibited hemorrhage, and vacuolated spaces in the affected
area; (Ag + Vit E)-treated group (D), (Ag + Se)-treated group (E)
and (Ag + Vit E + Se)-treated group (F) ameliorated brain tissue
histological pictures with less vacuolated cytoplasm especially
in vitamin E supplementation, histological damages signifi-
cantly decreased. Optic microscopy section were stained using
the haematoxylin-eosin method, 40x. neurons; glial cells; a net
work of finely branching small blood vessels; hemorrhage; vacu-
olated cytoplasm.

(Fig. SE), or both Se and vitamin E (Fig. 5F).
DISCUSSION

During three months of experiment, no clinical appear-
ance or body weight loss have been observed after silver
exposure. Also, relative brain weight, food intake and water
consumption were not affected following oral administra-
tion of metal, these results were accentuated by some other

reports (31). Simultaneously, the treatment with selenium
and/or vitamin E did not resulted any variations in body
weight gain, relative brain weight and food intake except
for a lower consumption of water in AgNO; + vit E + Se
treated-group which could be a spurious finding and not an
indication of toxicity effects. This study explored the influ-
ences of silver on some biochemical serum markers and
oxidative stress status in brain. So that the findings showed
an increases in LDH and lipase activities, cholesterol con-
centration and a decrease in ALP activity, total proteins and
calcium in serum of AgNO; rats. Increased levels of LDH
could be attributed to liver disease, myocardial infarction,
muscular dystrophy or augmentation of anaerobic respira-
tion (32), 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, mal-
nutrition and/or gastrointestinal disease (33). Similarly to
these results, some reports found an alteration in blood
serum enzymes activities following oral administration of
ionic silver or silver nanoparticles (34). Hypercholesterol-
emia might be resulted from hypothyroidism, hyperlipopro-
teinemia and/or liver toxicity (35). According to the later
parameter, the rise in lipase activity may be due to adyslip-
idemia. However, the decrease in serum total protein of Ag-
treated rats might be due to changes in proteins synthesis
and/or metabolism (36) and for the hypocalcaemia may be
due to mal absorption or hypoparathyroidism (37). Corre-
sponding to these findings, we could not discuss about hepatic
damage without alterations in transaminase activity and direct
bilirubin level, some studies have proven the toxic effects of
silver on different organs including intestine, bone, thyroid
and heart (38,39). Meanwhile, animals treated with vitamin
E and/or selenium presented lower blood LDH and choles-
terol and higher ALP and total protein values than those of
metal exposed animals, Calcium level and lipase activity
are too normalized in these treatments, a findings which
have also been observed by other reports (40). In the other
side, data showed an increase in brain TBARS levels as
biomarkers of lipid peroxidation, vitamin E content and a
decrease in SOD activity. These results are correlated with
our previous study which indicated a decline in SOD activ-
ity and an augmentation in vitamin E concentration in liver
of AgNO; intoxicated animals (41). Powers et al. (1) were
also found that the longer exposure of neuronotypic PC12
cells to AgNO; led to oxidative stress, loss of viability and
reduced numbers of cells. Similarly, Hadrup et al. (42) was
suggested that Ag” affected brain noradrenalin and dopa-
mine in vivo and caused apoptotic death mechanisms in
vitro. Moreover, under normal conditions, the brain is sus-
ceptible to oxidative damage due to its high oxygen con-
sumption rate (in humans, the brain uses ~20% of the
circulating glucose, 20% of blood’s oxygen and occupies
2% of the body weight), to high levels of polyunsaturated
fatty acids (PUFA), and to a progressive accumulation of
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iron levels with aging (13,43,44) and paradoxically its defi-
cient oxidant defense mechanisms and its diminished cellu-
lar turn over (45). The antioxidant system (AOS) spans over
a wide range of mechanisms such as enzymatic antioxidant
system including SOD, GSH-Px and CAT to small molecu-
lar weight compounds such as vitamin E and GSH though
in relatively low concentrations (44). The function of anti-
oxidant systems is to modify the highly reactive oxygen
species (ROS) to form less reactive intermediate which no
longer pose a threat to the cell. These species can attack and
damage all types of macromolecules (46); they are the main
culprit for development of oxidative stress contributing to
the development of cytotoxicity (47,48). However, there
must be a balance between oxidation and antioxidant’s level
in the system for healthy biological integrity to be main-
tained. Oxidants such as superoxide anions (0,’"), hydroxyl
radical (OH®), hydrogen peroxide (H,0,), and singlet oxy-
gen ('0,) may contribute to neuronal loss in cerebral isch-
emia and hemorrhage, and may be involved in the degeneration
of neurons during normal aging and also in various dis-
eases (49-51). In addition, the decrease in brain SOD activ-
ity could be explained by the investigation of Park et al.
(51) who found that the major form of ROS generated by
silver ions was the O,”", H,0, was not induced. Cortese -
Krott et al. (52) showed that AgNO; increased the produc-
tion of O,” within mitochondria. Thus, it might be due to
the reaction with SH groups of enzymes belonging to the
respiratory chain (51-53). Whereas, the augmentation of
brain vitamin E levels is corresponding to some transition
metal as cadmium (Cd) which increases the concentration
of vitamin E in rat tissue (54). Van Der Zande et al. (55)
have indicated that the silver content in blood was 2~3
times lower than the silver content in brain; the authors
have noticed the persistent of metal in this organ after two
months of treatment. Evidence of silver transfer across the
blood brain-barrier is alarming, but more researches are
necessary.

Treatment with vitamin E and/or Se has appeared to
reduce harmful effects in nervous tissue as demonstrated by
our previous study (41) and by other investigators (13-15,
44). Therefore, vitamin E has appeared to diminish free rad-
icals in brain tissue. In contrast, it has ameliorated GSH-Px
activity, the supplementation have also increased the cere-
bral content of this vitamin. Vitamin E may attenuate the
toxic effects of ROS (13). It may also be a regulatory agent
in intermediary metabolism, act synergistically as an antiox-
idant with GSH and ascorbate, and promote humoral anti-
body formation, because, it is not synthesized in the body
and its concentration is dependent on the uptake (43). Its
deficiency results mainly in neurological symptoms includ-
ing impaired balance and coordination, injury to the sen-
sory nerves, muscle weakness and damage to the retina of
eye (13-43). In fact, selenium has diminished lipid peroxi-
dation levels in brain, decreased CAT activity and increased

SOD and GSH-Px activities, this micronutrient accessed the
central nervous system via cerebral capillary seleno-protein
receptors and could be incorporated in newly synthesized
selenoproteins. Se supplementation increased the activities
of selenoproteins, by the high incorporation of selenocyste-
ine in selenoproteins which may decrease free radical-medi-
ated LPO and regenerate glutathione. This trace element
reduces oxidative stress in cerebral ischemia, Alzheimer’s
and Parkinson’s diseases (13-49). Under microscopic exam-
ination, distortions in cellular architecture were observed in
brain tissue of Ag-treated rats. Neurodegenerative changes
can be due to ROS (56). Vitamin E and selenium are able to
restore or repair brain damages against the harmful effects
of Ag, but this restoration is clearer in vitamin E treated rats
which is also supported by Yin et al. (57).

In conclusion, this study revealed that the contamination
by silver is responsible for certain cellular disorders disturb-
ing some blood and brain parameters, like xenobiotics, tox-
icity is depending on the dose and time of exposure. For that,
an equilibrate diet rich in antioxidants is always requested.
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