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Investigation on Silver Retention in Different Organs and Oxidative Stress
Enzymes in Male Broiler Fed Diet Supplemented with Powder of Nano Silver
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Abstract: This research was carried out to investigation of retention silver (Ag) in different organs and faeces
of broiler chicks. A total of 160 one-day-old male broiler allocated in a randomized completely design (CRD) with
four group (60 birds), four replicates and 10 broiler in each experimental pens. Experimental diets were included:
A) Control (without nano-silver), B) control+5ppm nano-Ag/kg, C) control+10ppm nano-Ag/kg and D)
control+15ppm nano-Ag/kg and nano-Ag added to basal diet of broilers throughout research (21-42 days). At
the end of study, from any treatments one bird with means’s treatment selected and take sampling blood from
wing vein and then slaughtered. Immediately after slaughtered, Visceral organs such as: Liver, heart, gizzard,
spleen, pancreas, thymus, lungs and tight and breast muscle. Also, to determine rate of Ag in bird’s faeces,
samples were weekly taken during study and then dried, stored until analysis. Silver concentration mn different
tissues by using gamma radioactivity method has measured and Ag of rate expressed as ppb (Parts per billion)
mto different organs and feces. Results showed no sigmificant difference among treatment point of view time
saturation of tissues with silver and seem to be quickly distributed by blood circulation. Examination of different
organs showed that Ag was accumulated in different tissues of broiler. The highest concentrations Ag were
found 1n breast and leg muscles, spleen, pancreas, faeces, thymus and heart of muscles in the ranking order.
We had significantly observed increasing trend concentration of Ag in different tissues corresponding to

mcrease level of nano-silver among control and other group (p<0.01).

Key words: Broiler - Oxidative stress enzyme -

Silver retention - Different organs

INTRODUCTION

Nanotechnology is an enabling technology that deals
with structures ranging from approximately 1-100 nm in at
least one dimension [1]; Scientific Committee on Emerging
and Newly Identified Health Risks [2]. The nanosize
results in specific physicochemical characteristics that
may differ from those of the bulk substance or particles of
larger size. This effect is mainly attributed to high surface
area to volume ratio, which potentially results in high
reactivity. One of the substances used in nanoformulation
is silver (nano-silver). Tt has been used since ancient times
for jewellery, utensils, monetary currency, dental alloy,
photography, explosives, etc. [3]. Nanoparticles are used
in bicapplications as therapeutics, transfection vectors
and fluorescent labels [4-7]. Despite their widespread use,
there is a serious lack of information concerning the
toxicity of Ag-NPs to humans and their underlying cellular
reactions. Recent studies have shown that Ag-NPs
accumulation 1n the liver could mduce cytotoxicity via

oxidative cell damage [8-10]. Nano-silver 1s also used in
washing machines because of its antimicrobial activity
[11]. Elementary silver or silver ions are used as active
compounds in many different household water filters
advertised for instance by Internet for catastrophe areas.
Silver 1s and the
recommendations of the World Health Organization

considered toxic for humans
(WHO) permit maximal concentrations of 0.1 mg of silver
lons in drinking water disinfection [12] but EPA [13]
recommends maximally 0.05 mg/l. Silver is known to
accumulate from water in many orgamsms such as brown
algae [14], shell fish [15-17] and fish (18,19]. Silver nitrate
15 absorbed through the lung and mucous membranes
[12]. Silver ion is transported in blood and bound into
globulins [13]. Most accumulation has been reported to
occur 1 mammalian liver and skin [20-22]. The systemic
toxicity of silver is not well documented when silver
compounds are used m wound repair treatments [23]. A
major part of original animal tests used for the toxicity
evaluation for WHO Guidelines for drinking water

Corresponding Author: Farhad Ahmadi, Islamic Azad University, Sanandaj Branch, Kurdistan, Iran.
Tel: +98-871-638-7112-3, Fax: +98-871-638-71100, E-mail: k_al83{@ymail.com.



Am-Euras. J Toxicol. Sci., 3 (1): 28-35, 2011

disinfection by silver has been made between]940s and
1970s [12]. Because analysis technique and toxicology
have developed and got new tools since those days, there
1s a need to revaluate those ammal tests. Silver 1ons are
able to pass the blood-brain barrier and cerebrospinal
fluid-brain barrier [24]. For example, m rats silver 1s found,
e.g. 1 the hypothalamic neurons [25] disturbing
hippocampus (area of the brain) development [24]. Silver
has been reported to affect lipid per oxidation in rat liver,
but not in kidney and brain [24]. Cardiac necroses and
decrease of blood glutathione per oxidase has been
reported in silver treated swine [26]. Tt was reported that
silver retention in active myofibrils of cats [27]. Due to its
microbicidal effects in water per oral silver also affects
intestinal microbes [28] and potentially provokes
gastromtestinal disorders. Silver compounds are known
to decrease the creatine clearance which may be due to its
potential nephrotoxicity [29]. The aims of current research
were;

*  To measure the possible silver retention mto tissues
and different organs of broiler chicks,

* To find relevance between different levels nano-Ag
and retention rate its in tissues and different organs
and 3) to investigate bioenvironmental effect by
excretion of silver due to faeces.

MATERIALS AND METHODS

Experimental Design and Diets: The broilers were
randomly assigned to 4 experimental diets in a completely
randomized design (CRD). There were 10 birds per
replicate and each treatment had 4 replicates. Feeding of
the experimental animals was ad libitum and all animals
had free access to fresh cool water and nano-silver with
different levels added in basal diet throughout research.
All diets were formulated to meet nutrients requirements
on the recommendations of NRC [30], basal diet showed
in tablel . Experimental treatments were included:

A. Control (without nano-silver),
B. control+5ppm nano-Ag/kg,

C. control+1 Oppm nano-Ag/kg and
D. control+1 5ppm nano-Ag/kg

Birds Housing: Birds were housed randomly in pens with
1x1.2x1 m floor space. Per bird, one runming mch drinking
space per bird and two running inch-feeding spaces per
bird were given to each group. Round drinkers and round
feeders were used for dnnking and feeding the birds.

20

Table 1:  Ingredients and composition of diets in different stage of study (1-
21dy
Ingredients % (21-42)
Maize 59.38
Soyabean meal 33.61
Maize oil 5.89
Dicalcium phosphate 1.03
Limestone 0.65
Salt 0.20
DL-Methionine 0.19
pre mixturel 0.50
Total 100
Nutrient composition
ME (kcal’kg) 3000
Crude protein (%) 20118
Lys (%0) 1.20
Met (%) 053
Met + Cys (%0) 0.81
Ca (%) 1.00
Available P (%) 0.45

8upplied the following per kilogram of diet: vitamin A, 25,000 IU; vitamin
D, 5,000 TU; vitamin E, 12.5 TU; vitamin K, 2.5 TU; vitamin B1, 1.0 mg;
vitamin B2, 8.0 mg; vitamin B6, 3.0 mg; vitamin B12, 15 pg; folic acid,
250 pg; nicotinic acid, 17.5 mg; calcium Pantothenate, 12.5 mg; Fe, 80
mg; Cu, 10 mg; Mn, 80 mg; Se, 0.15 mg; I, 0.35 mg.

The lighting regime was supplied continues in the shed
(23L-1D). Temperature of brooding was started from 33°C
and decreased every week 3°C and then 18-21°C constant
until final study.

Litter: Wood shaving was used as the litter for rearing
the  chicks
permanganate at the ratio of 2:1 was used for fumigation
of the shed.

and formaldehyde and Potassium

Faeces Sampling: To determine of concentration of Ag
excreted by amimal faeces, were sampled as randomly
twice (21 and 42 d) during the experiment, then was mixed,
dried and stored until analysis.

Blood Sampling: At the end of research, from any
treatment one bird as randomly selected and before
slaughtering, takes about 5ml as blood sample that were
drawn by vein of wing. The samples were inmediately
frozen on dry ice and stored at -20°C for subsequent
measurement assay blood of parameters by gamma-
radicactivity. After slaughtering bird’s sample, the heart,
spleen, liver, pancreas, lungs, kidneys, brain, muscles
of leg (thigh muscle), and gastronomies
(M. gastrocnemeus) were collected and weights express

breast
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as percentage of body weight. Ag-retention in tissues
were measured by using 658 kV Ag-peak and Ge-detector
connected to an ORTEC Multichannel Analyzer (EG & B
Ortec, Oak Ridge, USA) using a known concentration of
110m AgNo3 in aqueous solution as reference.

Stastical Analysis: Data collected were subjected to the
Analysis of Variance (ANOVA) method of SAS [31].
Significant values were compared using the Duncan's
multiple range tests. The model was used the following:

Yij = u+Ti+ eij (D
Where:
Yij = Observation,
p = Population mean,
Ti = Nano-Ag effect (T=1 to 4),

£1) Experimental error

RESULTS

The results related to silver retention in different
broiler tissues and oxidative stress activity has been
given in tables 2 and 3 respectively. Data showed that
different levels of nano-Ag had significantly effected
silver deposit in different tissues n comparison to
treatment (P<0.01). In addition, a trend of increasing silver

retention was simultaneity observed to increase nano-Ag
levels. Therefore, with attention to the result we can
present silver retention had ascending titer as the
following (on the basis ppb) DBreast muscle >
gastrocnemius muscle > muscle femur > spleen > liver >
pancreas > heart > kidney > lungs > faeces > bursa
fabricius. But, silver retention in different muscles was
significantly higher than other tissues (P<<0.01).

Results related to concentration of oxidative stress
enzymes were displayed in table3. This data had showed
that silver-Ag with any level had sigmificantly effect on
total of oxidative stress enzymes in comparison to control
treatment (p<0.01). Also,
incrassating enzyme concurrently with incrassating levels
of nano-silver.

we observed a linear

DISCUSSION

The researches about investigating silver deposition
in live organs are continuous. Silver accumulated and
deposit in different broiler tissues, especially mto different
body muscles. The results of research showed that the
silver of deposit in the human body has been found to
follow the descending order: skin, liver, adrenals, brain,
thyroid, ovary and trachea [32]
concentrations n different human tissues including brain
tissues showed, any how, a great (more than 100-fold)

caeca, Silver

Table 2: Mean of silver retention (ppb/g of tissue) in organ and tissues of broiler chicks during study 1

Different organs Control+3ppm nano-Ag'kg

Control+10ppm nano-Ag'kg Control+1 Sppmnanc-Agkg

Spleen 5.87+0.33b 6.37+0.33b 7.57+0.33a
Heart 4.92+0.78¢ 5.1940.78b 6.72+0.78a
Lungs 3.42+0.81b 3.92+0.81a 4.32+0.81a

M. gastrocnemius 9.28+0.24b 10.18+0.24a 10.88+0.24a

M. breast 10.2140.21¢ 12.01+0.21b 13.51+0.21a

M. femur 9.21£0.18¢ 11.21+0.18b 14.21+0.18a

Liver 5.9240.78b 6.32+0.78b 6.81+0.78a
Kidney 4.52+0.81c 5.02+0.81b 5.72+0.81a
Spleen 6.09+0.31b 7.09+0.31a 7.49+0.31a
Pancreas 5.22+0.78b 6.02+0.78a 6.62+0.78a
Bursa 2.1740.65b 2.57+0.65b 3.17+0.65a
Faeces 3.49+0.15b 4.4140.15a 4.89+0.15a
Blood 7.63+2.29¢ 9.63+£2.19b 2.33+£2.21a

1a-c: Means within a row with different subscripts differ significantly (p<<0.01).

Table 3: Effect of nano-particle silver on erythrocytes CAT, SOD, GSH and MDA enzymes in broiler chicks (mean+SEM)!

Treatment Cat(U/mgHb) SOD(U/gHb) GSH(U/gHb) MDA (umol/gHb)
A. Control (without nano-Ag) 2.45+0.58b 2278.50+424.59 43.69+8.04b 1.92+0.15¢
B. Control+5ppm nano-g'kg 2.28+0.42b 2195.31+M6.80a 44.21+7.81b 2.01+0.11¢
C. Control+10ppm nano-g/kg 2.94+0.19a 1925.21+346.07b A8.30+9.28a 2.61+0.09a
D. control+15ppm nano-g/kg 2.62+0.27a 1925.51+336.25b 47.73+3.87a 2.13+0.08b

'a-c: Means within a column with different subscripts differ significantly (p<0.05).
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deep cerebella nuclei [24]. Kai et al. [34] reported that Ag
accumulated in mice, especially mto cerebellum (lower
back portion of the brain) and M. soleus (bottom of a
shoe) also, high concentrations of silver exist m the
slow-twitch oxidative. Ahmadi, ez al. [35] reported that
different levels of nano particle silver had sigmificantly
effect on retention of Ag in breast and femur muscle and
faeces (P<<0.01). This result were agreement with the
findmng data Kai et af. [34] who observed that
concentrations of silver in muscles gastrocnemius (M.
gastrocnemius) were found to negatively correlate with
cerebrum and positively with blood and kidneys.

Another research has been reported that the material
used to fill a cavity in a tooth release of silver mn rats, with
relatively low concentrations of silver in the cerebellum in
comparison to kidney and liver Hultmant, ef al. [36].
Nan particles have shown biological functions such as
killimg pathogenic bacteria and viruses (e.g. flu), but
research has also shown that nanoparticles may produce
adverse effects (dose related) in human cells on contact.
Human neural cells, such as hippocampus cells in the
CNS, are the most sensitive and delicate cells in bio
organisms and are responsible for bramn functions and
emotions. They are vulnerable to ischemia, oxygen
deficiency and external factors. One of the great concerns
1 science and technological development in the twenty-
first century is that nanoparticles may produce potential
functional and toxicity effects on human neural cells
owing to their ability to pass through biclogical
membranes [37]. Exposure to nanoparticles (such as Ag)
m the body 1s also becoming increasingly widespread
through antibacterial fabrics and coatings. However,
effects from the presence (or even accumulation) of metal
nanoparticles in the brain and through the BBB have not
vet been fully studied. Small-sized particles have better
mobility and it is expected that the transportation of
nanoparticles across the Brain-border- blood (BBB) is
possible either by passive diffusion or by carrier-mediated
endocytosis [38]. In addition, nanoparticles may be taken
up directly into the brain by trans-synaptic transport
[39]. For example, Ag nanoparticles can enter via the BBB
and accumulate in different regions of the brain [40] and
thus may be beneficial for drug delivery, but may also pose
a risk to the patient [41, 42]. Tt has also been reported that
nanoparticle exposure can mduce 1mpairments to normal
neurons [43], microglia, [44] and even aggravate the
process of brain pathology [45].

Beresford et al. [46] has mentioned accumulation of
radicactive silver from the Chernobyl accident in a ewe
brain, but he could investigate only one ammal and the
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distribution of silver between cerebellum and other brain
tissue was not reported. Silver concentration m human
brain was found to be dependent on age and on the
number of dental amalgam fillimgs [47] and this chronic
release of silver alters monocyte metabolism [48]. The
mechamsms of the silver by Saeki et al. [22] considered
hair molting to be the principal excretion in seals and they
also found silver in amniotic fluid Hanson et al [49]
found that the removal of silver was slow and some silver
from lactating rats was transferred to mille. The cerebellum
has a major role in the adjustment of coordinated muscle
activity. The silver accumulation in cerebellum and
cerebrum may vary between mammals as the size ratio also
varies between these organs among different mammalian
species. Absorption of nano-silver into the human body
may occur via mhalator, oral and dermal routes of
exposure. In kinetic terms, absorption represents the
process by which unchanged compounds (e.g., nano-
silver) proceed from the site of admimstration to the
central blood circulation and subsequently to the organs.
The respiratory system represents a major port of
entrance for nano-silver. The distribution and disposition
of nano-silver in the respiratory tract depends on various
factors including particle size and breathing force. In
addition, due to the small diameter of the nano-silver,
Brownian diffusion also determines deposition, resulting
in a deep penetration of nano-silver in the lungs and
diffusion to the high lung surface area presented in the
alveolar region. An additional absorption route for inhaled
nano-silver could be from the olfactory mucosa of the
respiratory tract into the central nerve system via the
olfactory nerve [50]. Indeed, inhaled 15 nm nano-silver
has been demonstrated to be present in the olfactory
nerve and brain of rats after inhalation [51]. This suggests
that for mhaled nano-silver, the olfactory
represents an additional port of entry into the brain,
circumventing the restricted blood-brain barrier [50, 52].

Nnerve

When nano-silver has passed the bamriers (1e., lung
epithelia, intestinal lining and dermis) at the site of entry,
the systemic circulation may be reached. Further
distribution throughout the entire body may take place via
the systemic circulation. In principle, the binding of
plasma protems influences the ability of a particle to
traverse cell membranes and other kinetic parameters
(e.g., its distribution and half-life), half life plasma-protein
binding. In general for compounds in the blood (e.g.,
pharmaceuticals), the unbound fraction exiubits the
observed effect. Therefore, when nano-silver reaches the
systemic circulation, the particles can, potentially, interact
with plasma proteins, coagulation factors, platelets and
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red and white blood cells. An effect of plasma-proteins on
the distribution, elimmation and toxic potency of nano-
silver particles can be expected, similar to described
protemn (serum albumin) effects on quantum dots [53]. The
previously discussed inhalation studies with 15 nm nano-
silver particles in rats revealed low, but detectable,
concentrations of silver m bloed and subsequent
distribution to organs including liver, kidney, heart, lymph
nodes and brain [51, 54]. Kim et al. [10], found a dose-
dependent accumulation of silver content in a broad range
of tissues mcluding blood, liver, lungs, kidneys, stomach,
testes and brain in a recent oral toxicity study of 60 nm
silver nonmaterials in rats.

The results m table3 show that Silver has
significantly effect on total of oxidative stress enzymes in
comparison to centrol treatment (p<0.01). Erythrocyte
MDA level was incrassating at control treatment in
comparison to other groups, 5, 10 and 15 ppm (p<0.01).
CAT, GSH and SOD activities were significantly
difference in comparison to control group (p<0.01) and
among other treatment. After absorption nano-silver from
GIT and entered to blood systemic circulation, the
particles can, potentially, interact with different
metabolites like plasma proteins, coagulation factors,
platelets and red and white blood cells [53]. Silver
nanoparticles in most studies are suggested to be non-
toxic. But due to their small size and variable properties
they are suggested to be hazardous to the environment
[55]. Studied the toxicity of different sizes of silver nano-
particles onrat liver cell line (BRL 3A) (ATCC, CRL-1442
immortalized rat liver cells) was previously studied [8].
The authors found that after an exposure of 24h the
mitochondrial cells displayed abnormal size, cellular
shrinkage and irregular shape Braydich -Stoll et al. [55]
reported the toxicity of silver nano-particles on C18 - 4
cells, a cell line with spermatogonial
characteristics. From the study, it was concluded that the

stem cell

cytotoxicity of silver nano-particles to the mitochondrial
activity increased with the increase in the concentration
of silver nano-particles. Recently, reported that nano-
particles and nano-materials such as manganese, copper
and silica generate free radicals and oxidative stress [56].
The results of researches showed that silver nano-
particles can damage to different organs and tissue such
as liver cells [55]. In general, the liver 15 able to actively
remove compounds from the blood and transform them to
chemical forms that can easily be excreted. It 1s a logical
assumption that ingested silver nano-particles might have
impact on the liver, since the liver serves as the first check
point for everything absorbed through GIT before
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becoming systemic. Researches showed function of
mitochondna [8, 55] that exposure to silver nano-prarticles
significantly decreased the mitochondria, seem to be
sensitive targets of cytotoxicity of silver nano-particles.
In the study with BRI, 3A liver cell line, depletion of GSH
level and mcreased ROS was found m association with
mitochondrial perturbation, suggesting that oxidative
stress might mediate the cytotoxicity of silver nano-
particles. Recently, it has been found that Ag+ seems to
perturb mitochondria through interactions with thiol
groups of the mitochondrial mner membrane. As these
effects of Ag+ could be completely blocked by sulthydryl
reagents, e.g. reduced glutathione (GSH), the endings
clearly suggest that mitochondria are under oxidative
stress when the cells are exposed to Ag+ [57]. In rat
models, copper toxicity has been seen to accompany
MDA generation [58]. Excessive copper accumulation in
the liver has also been shown to depress superoxide
dismutase (SOD) and Se-GSH peroxides activities and to
result in high MDA in the serum and liver homogenates
due to the lipid per oxidation induced by copper overload
[59]. Reactive oxygen species formation, GSH oxidation
and lipid per oxidation have also been seen to be induced
by copper [60]. Researchers were concluded that the
cytotoxicity of silver nano-particles to the mitochondrial
activity increased with the increase in the concentration
of silver nano-particles. Recently, reported that nano-
particles and nano-materials such as manganese, copper
and silica generate free radicals and oxidative stress [57].
The results of researches showed that silver nano-
particles can damage to different organs and tissue such
as liver cells [8].

In general, the liver 1s able to actively remove
compounds from the blood and transform them to
chemical forms that can easily be excreted. It s a logical
assumption that ingested silver nano-particles might have
impact on the liver, since the liver serves as the first check
point for everything absorbed through GIT before
becoming systemic. Researches showed function of
mitochondria [56], that exposure to silver nano-prarticles
significantly decreased the mitochondria, seem to be
sensitive targets of cytotoxicity of silver nano-particles.
In the study with BRL 3A liver cell line, depletion of GSH
level and increased ROS was found in association with
mitochondrial perturbation, suggesting that oxidative
stress might mediate the cytotoxicity of silver nano-
particles. Recently, it has been found that Ag+ seems to
perturb mitochondria through interactions with thiol
groups of the mitochondrial inner membrane. As these

effects of Ag+ could be completely blocked by sulthydryl
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reagents, e.g. reduced glutathione (GSH), the endings
clearly suggest that mitochondria are under oxidative
stress when the cells are exposed to Agt [57]. In rat
models, copper toxicity has been seen to accompany
MDA generation [9]. Excessive copper accumulation in
the liver has also been shown to depress superoxide
dismutase (SOD) and Se-GSH peroxidase activities and to
result in high MDA in the serum and liver homogenates
due to the lipid per oxidation mduced by copper overload
Reactive oxygen species formation, GSH oxidation and
lipid per oxidation have also been seen to be mduced by
copper [59]. Also, observed that the
concentrations of silver were relatively low in comparison

we liver
to muscle tissues, although liver 1s rich m various thiols
and phosphates. In sheep, humans and seals, the liver has
been reported to be the major site organ of silver
deposition [22, 46]. Because, the major portion of the
mcorporated silver was bound in rats m the basal
membrane of liver also, silver has a lugh affimty for SH
groups and it decreases GSH-px activity, it may cause
exhaustion of glutathione m Liver [24].

In conclusion, the results of current research were

indicated that:

¢+ Nano particle of silver can absorb systemic due to
GIT, which was m agreement with finding others
researchers.

*  Nano-silver could arrive to different organs and
tissues due to blood circulation and then retention
Ag in different tissue.

*  Accumulation of silver (Ag) mto muscles was further
in comparison other organs, therefore, this situation
has negative affected in the human healthy due to
consumption parts of edible carcasses broiler for
example: breast and femur muscle.

¢ The rate of silver retention not the same in different
organs, this situation may be related to activity,
blood flow rate in the organs.

¢ Excretion silver (Ag) due to faeces, may be caused
contamination of environment.

¢ Nanosilver had negative affected on oxidative stress
enzymes concentration.

+ In addition, to understand total effects of nanosilver
as nonmaterials, need to further research.
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