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The present study was performed to evaluate the effect of 28 days 
subchronic oral administration of AgNPs in normal and irradiated (4 Gy) 
rats on the distribution of certain trace elements (silver (Ag), zinc (Zn), 
copper (Cu), iron (Fe), calcium (Ca), magnesium (Mg) and manganese 
(Mn) contents in various organs tissues including liver, kidney, lung and 
testes. AgNPs were orally administered daily for 28 days continuously 
and the vehicle as well in the vehicle group. The study was performed 
to investigate the effect of AgNPs on trace elements in different organs 
and as compared with irradiated treated AgNPs group. Results of the 
present study demonstrated that subchronic oral administration of Ag-
NPs (26.878 mg/kg b. wt.) induced changed in the concentration of the 
estimated essential elements in the various tissues examined of normal 
rats. The recorded changes in the tested trace elements pointed to (Zn), 
(Fe) and (Ca) content in liver, kidney, lung and testes tissues. Radiation 
exposure (4Gy) of rats produced marked alterations in the distribution 
of tested trace elements in all tissues investigated of irradiated rats, con-
cerned with (Zn), (Cu), (Fe), (Ca), (Mg) and (Mn) in liver, kidney, lung 
and testes tissues. Combined exposure to γ-radiation (4Gy) and AgNPs 
(42.599 mg/kg b. wt.) treatment showed marked variation in trace ele-
ments content of (Zn), (Cu), (Fe), (Ca), (Mg) and (Mn) of the selected 
tissues examined. Such variations were more or less pronounced than 
the individual effects of either AgNPs treatments or γ-radiation expo-
sure. The detected variation in the concentrations of the estimated trace 
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The present study aims to improve the antioxidant and antimicrobial 
properties of cake and produce low calorie cake through substitution of  
wheat flour (WF) by irradiated broccoli (Brassica oleracea L.var italica) 
powder. In this study broccoli heads powder and broccoli leaves pow-
der were gamma irradiated at dose levels of 0, 3, 5 and 7 kGy. Results 
showed that ethanolic (70%) extract of irradiated broccoli heads powder 
(IBHP) and irradiated broccoli leaves powder (IBLP) at a dose level of 5 
kGy had higher total phenolic compounds (TPC) and antioxidant activ-
ity (AOA) compared to control and other doses. Thus, IBHP and IBLP 
at dose level of 5 kGy were selected for fortification of cake. IBHP was 
used to substitute (0, 1.5, 3, and 4.5 %) of WF in making cake, as well, 
replacement of WF (0, 1, 2 and 3%) by IBLP. The results showed that the 
cake processed from IBHP and IBLP had pronounced improvement (%) 
in its chemical composition (protein, lipids, ash and fiber content) while, 
the energy value and carbohydrate content decreased with increasing the 
replacement level. Also, the results showed that the TPC content, AOA, 
volume and specific volume were increased by increasing substitution 
level of IBHP and IBLP compared to control samples. On the other hand, 
total intensity, L*and a* values of the crust and crumb were decreased, 
whereas Chroma and b* values were increased for crumb and decreased 
for crust for all cake treatments by the addition of IBHP and IBLP com-
pared to control sample. For microbiological properties, the results 
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elements of various tested organs might be attrib-
uted to the selective responsiveness of each tissue 
to the combined effect of both AgNPs treatment and 
γ-radiation. In conclusion, AgNPs administration af-
ter γ-radiation has considerate effect on the levels of 
metals in liver and lung tissues which give attention 
that these organs more sensitive to AgNPs.

INTRODUCTION

The novel characters of nanoparticles 
(NPs) have been introduced in a wide 
range of applications in medicine, cos-
metics, renewable energies, environ-
mental remediation and biomedical 

apparatus (De et al., 2008; Ghosh Chaudhuri and 
Paria, 2012). Silver nanoparticles (AgNPs) have 
unique physical, chemical and biological properties 
compared to their macro-scaled counterparts (Shar-
ma et al., 2009). Thus, AgNPs were used as anti-
microbial coatings in medical devices as catheters 
to reduce infections at hospitals (Roe et al., 2008). 
AgNPs were also used in therapeutics, especially for 
treating burn wounds which it can suppresses both 
local and systemic inflammation in wound healing 
model. Moreover, AgNPs have been demonstrated 
as an effective biocide against broad-spectrum bac-
teria including many highly pathogenic bacterial 
strains as gram-negative and gram-positive bacteria 
(Marambio-Jones and Hoek 2010, Morones et 
al., 2005). Also AgNPs have been reported to have 
inhibitory effects on H1N1 influenza A virus, HIV-
1 virus and on hepatitis B virus (Lu et al., 2008). 
Consequently, the increasing usage of AgNPs in a 
wide range of medical applications has need for as-
sessment its toxic effects on health (Christensen et 
al., 2010). AgNPs ability to penetrate through bio-
logical barriers (Van der Zande et al., 2012) lead to 
accumulation and release high concentrations of the 
univalent silver ions in the cells under the action of 
oxidizers (Lubick, 2008, Xiu et al., 2012), which is 
called “the Trojan horse effect” (Choi et al., 2008). 
On the other hand, Ag salts form can interact with 

the protein thiol groups that are responsible on trans-
port and metabolism of trace elements, which can 
cause their imbalance and lead to the development of 
toxic effects (Benetti et al., 2014). However, there is 
no sufficient information in the literature about the 
influence of AgNPs introduced through the gastroin-
testinal tract on the homeostasis of the main essential 
and toxic trace elements (Gmoshinski et al., 2016).

Essential trace elements are minerals found in 
the organism nutriment which they cannot produce 
by itself. These elements play a vital role in the body 
to perform the functions properly. These elements 
should present in the body in specific amounts to be 
available for reacting with other elements as well as 
to participate in various chemical reactions in the 
cell. Deficiency of the essential elements can lead to 
problems. The action of all these mineral ions natu-
rally restores optimum performance to the cell (Sha-
zia et al., 2012). Essential trace elements comprise 
Fe, Cu, Zn, Mg, Ca and Mn. While the non-essential 
trace elements are not usually found in the human 
organism and have no natural physiological role but 
they do have pharmacological properties as alumini-
um, silver, bismuth, lithium and gold.

Radiation is known to produce noticeable dam-
age to living tissues. Free radicals are generated 
when biological systems are exposed to ionizing 
radiation. The generation of radiation-induced free 
radicals is considered to be the primary cause of the 
radiation induced damage to biological systems. The 
deleterious effects of ionizing radiation could be re-
lated to free radicals propagation. Radiation injury to 
living biological tissues is usually characterizes by 
changes in membranes permeability which accom-
panied with corresponding alteration in the essential 
trace elements contents of Fe, Cu, Zn and Mg in var-
ious organs including liver, spleen, kidney, heart and 
lung (Hassan et al., 2005). 

The effect of silver nanoparticles (AgNPs) on the 
vital role of trace elements in the body to perform 
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its function properly remains a controversial point of 
research concerning the risk/benefit ratio of their use 
alone and in combination with a gamma irradiation. 
Given that the AgNPs and γ-radiation have medical 
applications on the organism, the present study con-
ducted to evaluate the alone or combined effect of 
them on the distribution of essential trace elements, 
Zn, Cu, Fe, Ca, Mg, Mn as well as Ag in various 
organs including: liver, kidney, lung and testes in re-
sponse to AgNPs treatment in normal and irradiated 
rats.

MATERIAL AND METHODS

Material 

Animals: Wistar male albino rats weighing 
150-180 g were used. Animals were obtained from 
National Research Center, Cairo, Egypt. Rats were 
housed in plastic cages and were maintained under 
conventional laboratory conditions throughout the 
study. They were fed standard pellet chow (El-Nasr 
chemical Co., Abu Zaabal, Cairo and Egypt) and 
water ad libitum. The animal treatment protocol has 
been approved by Research Ethics committee (REC) 
(S.N.: 8A/17) of the National Center for Radiation 
Research and Technology (NCRRT), Cairo, Egypt. 

Drugs and chemicals: 

AgNPs were synthesized by chemical method at 
the national center for radiation research and tech-
nology (NCRRT). AgNPs were administered orally 
for 28 days. The selected doses of AgNPs were car-
ried out according to the preliminary experimental 
trials. According to the previous work (Amin et al., 
2015) LD50 of AgNPs in normal mice was 268.787 
mg/kg b. wt. however LD50 of AgNPs was 429.55 
mg/kg in irradiated rats. The chosen doses of 26.878 
mg/kg and 42.599 mg/kg b. wt. corresponds to 1/10 
LD50 in normal and irradiated animals respectively 
(Amin et al., 2015). Polyvinylepyrrolidone was pur-
chased from Sigma-Aldrich chemical co. (U.S.A), to 
be orally administered as the vehicle control group 

in equivalent volume to the AgNPs and irradiated 
treated AgNPs groups.

Preparation of silver nanoparticles:

AgNPs were synthesized at Drug Radiation Re-
search Dep. labs, at the national center for radiation 
research and technology (NCRRT) according to a 
modified method of Mao et al., (2012); El-Batal et 
al. (2013a) and El-Batal et al. (2013b).

Irradiation

Rat’s whole body gamma irradiation was per-
formed at the national center for radiation research 
and technology (NCRRT), Cairo, Egypt, using an 
AECL Gamma cell-40 biological indicator. Animals 
were irradiated at an acute single dose level of 4 Gy 
delivered at a dose rate of 0.758 rad/sec.

Experimental design:

Rats were classified into 5 groups, each consists 
of 8 rats. The examined groups were: normal con-
trol received saline, vehicle control group received 
polyvinylpyrrolidone (PVP), silver nanoparticles 
(AgNPs) normal group in which rats were received 
26.878 mg/kg body wt., irradiated group in which 
rats exposed to 4 Gy gamma radiations, irradiated 
treated group where rats were exposed to 4 Gy 
gamma irradiation followed by oral administration 
of 42.599 mg/kg body wt. AgNPs. Saline, PVP, Ag-
NPs were administered orally for 28 consecutive 
days (Van der Zande et al., 2012 and Loeschner et 
al., 2011) and were fasted overnight. On the day 29, 
all groups of the rats were anaesthetized by diethyl 
ether. Rats from the previously mentioned groups 
were sacrificed, and the selected organs (liver, kid-
ney, lung and testes) were isolated.

Sample preparation:

Tissue samples (liver, kidney, lung and testes) 
were washed thoroughly by deionized water. Ap-
proximately 0.5 g of tissues were put in special ves-
sels with 4 ml concentrated pure nitric acid (65%) 



( 136 ) Amin, Y.M. et al.J. Nucl. Tech. Appl. Sci., Vol.7, 2019

and 1 ml hydrogen peroxide (IAEA, 1980 and Ha-
was, 2013) for the digestion process using Milestone 
MLS 1200 Mega, High Performance Microwave 
Digestor Unit. The sample was converted to soluble 
matter then diluted with deionized water to appro-
priate concentration level. Trace elements were de-
tected quantitatively using standard curve method 
(Kingston and Jassie, 1988). 

Trace elements assessment:

Assessments of trace element levels in the vari-
ous tissues of rats were carried out using Thermo 
Scientific ICE 3000 Series Atomic Absorption Spec-
trometry, equipped with deuterium background cor-
rection. Estimation of the tested trace elements (Ag, 
Zn, Cu, Fe, Ca, Mg and Mn,) of the selected tissues 
under investigations was carried out using hollow 
cathode lambs for each element. Each element con-
centration was calculated via applying the method 
of calibration curve using standard stock solutions 
1000 microgram/ml for each studied element.

The element concentration in the original sample 
could be determined from the following equation:

C2 microgram/gram = C1 microgram X D/sample 
weight

Where:

C1 = metal concentration in solution 
C2 = metal concentration in sample 
D = dilution factor

The concentrations of the different studied ele-
ments were calculated through solar data station.

Statistical analysis: 

The values of the measured parameters were 
presented as mean ± SE. Comparisons between dif-
ferent treatments were carried out using one way 
analysis of Variance (ANOVA) followed by Tukey-
Kramer as post ANOVA multiple comparisons test. 
Differences were considered statistically significant 
at p<0.05.

RESULTS

Characteriztion of silver nanoparticles

UV-VIS spectral analysis: Preliminary char-
acterization of the silver nanoparticles was carried 
out using UV–visible spectroscopy (JASCOJapan-
model V- 560) at a resolution of 1 nm. Noble metals, 
especially gold (Au) and silver nanoparticles exhibit 
unique and tunable optical properties on account of 
their surface Plasmon resonance (SPR), dependent 
on shape, size and size distribution of the nanopar-
ticles (Tripathy et al., 2010).The decrease of silver 
ions was monitored by measuring the UV–visible 
spectra of the solutions from 300 to 800 nm. Fig.1.

Dynamic light scattering (DLS):Average parti-
cle size and size distribution were determined by the 
dynamic light scattering (DLS). (Loeschner et al., 
2011). technique (PSS-NICOMP 380-ZLS, USA) to 
both in situ and ex situ irradiated samples. Before 
measurements, the samples were diluted 10times 
with deionized water. 250μl of suspension were 
transferred to a disposable low volume cuvette. Af-
ter equilibration to a temperature of 25°C for 2 min, 
five measurements were performed using 12 runs of 
10 s each. Fig.2.

Transmission Electron Microscopy (TEM) 
The particle size and shape were observed by TEM 
nanoparticles (Tripathy et al., 2010) (JEOL elec-
tron microscope JEM-100 CX) operating at 80 kV 
accelerating voltage. The prepared Ag-NPS formed 
by in situ and ex situ radiation was diluted 10 times 
with deionized water. A drop of the suspension was 
dripped into coated copper grid and allowed to dry at 
room temperature. Fig.3.

Fig. (1): UV-VIS spectral analysis of AgNPs.



( 137 )Effect of Silver Nanoparticles on distribution of Certain Trace Elements in Various Organs of Normal and Gamma Irradiated 
Rats

Silver (Ag) content in various tissues of normal and 
irradiated (4Gy) rats treated with AgNPs:

It has been found that concentrations of Ag in 
liver, kidney, lung and testes tissues in the vehicle 
control, normal control and irradiated groups were 
below the detection limit. Accumulation of Ag was 
observed in liver, kidney and lung tissues due to Ag-
NPs (26.878 mg/kg) administration but irradiated 
treated group with AgNPs (42.599 mg/kg) exhibited 
significant increase of Ag in kidney and testes tissues 
compared with AgNPs group (Fig.4).

Zinc (Zn) content in various tissues of normal and 
irradiated (4Gy) rats treated with AgNPs:

Treatment of normal rats with AgNPs (26.878 
mg/kg), showed significant increasing in lung Zn 
content as compared to both vehicle and normal 
control. They showed significant decrease in testes 
Zn content as compared to both vehicle and normal 
control. Irradiation treatment (4Gy) significantly in-
creased Zn content in liver, lung and testes as com-
pared to vehicle as well as normal controls. Kidney 
content of Zn level showed significant increase as 
compared to vehicle control only. Combined treat-
ment with irradiation (4Gy) and AgNPs (42.599 mg/
kg) significantly increased Zn content in liver, kid-
ney and testes as compared to vehicle control.  Ag-
NPs and irradiation have synergistic effect on liver, 
kidney. AgNPs attenuate the effect of Irradiation on 
testes while irradiation antagonized the AgNPs ef-
fect on Zn lung content. (Fig.5 A, B, C&D).

Fig. (2): Dynamic light scattering (DLS) of AgNPs showing 
the particle size diameter of AgNPs mean value is 23.1 ± 3.3 
nm.

Fig. (3): Transmission Electron Microscopy (TEM) 
examination of AgNPs showed spherical shape of silver 
nanoparticles and good particle dispersion with average size 
at 30.92 ± 2.56 nm.

Fig. (4): Effect of AgNPs administration (successive equal 
doses for 28 days) to normal and irradiated rats on silver 
contents of liver, kidney, lung and testis.
•	 n=8 rats per group. Data was expressed as mean ± SE.
•	 *Significantly different from silver nanoparticles value at 

P<0.05.
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Copper (Cu) content in various tissues of normal 
and irradiated (4Gy) rats treated with AgNPs:

AgNPs (26.878 mg/kg) administration to normal 
rats showed significant decrease of Cu content in 
lung tissue as compared to vehicle control.  Irradia-
tion (4Gy) significantly decreased lung Cu content as 
compared to vehicle control. Testes Cu content of the 
irradiated (4Gy) group showed significant increase as 
compared to vehicle and normal controls.  Treatment 
with AgNPs decreased Cu content in lung as com-

pared to vehicle control. Irradiation (4 Gy) of animals 
decreased Cu content in lung and increases its con-
tent in testes compared to vehicle control. Combined 
treatments of irradiation (4Gy) and silver nanopar-
ticles (42.599 mg/kg) significantly increased Cu 
content in liver tissue however, lung tissue showed 
significant decrease as compared to vehicle control. 
AgNPs and irradiation have synergestic effect on 
liver and lung tissue. AgNPs attenuated the effect of 
irradiation on testes cu content. (Fig.6 A, B, C&D).

Fig. (5): shows subchronic effect of oral administration of AgNPs for 28 days in normal and irradiated (4Gy) rats on zinc 
(Zn) contents in liver (A), kidney (B), lung (C) and testis (D) tissues.
•	 n=8 rats per group. Data was expressed as mean ± SE. P<0.05.
•	 *Significantly different from the normal control value.
•	 a Significantly different from the vehicle control value.
•	 b Significantly different from silver nanoparticles value.
•	 c Significantly different from the irradiated control value.
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Fig. (6): shows subchronic effect of oral administration of AgNPs for 28 days  in normal and irradiated (4Gy) rats on cupper 
(Cu) contents in liver (A), kidney (B), lung (C) and testis (D) tissues.
•	 n=8 rats per group. Data was expressed as mean ± SE. P<0.05.
•	 *Significantly different from the normal control value.
•	 a Significantly different from the vehicle control value.
•	 b Significantly different from silver nanoparticles value.
•	 c Significantly different from the irradiated control value.

Iron (Fe) content in various tissues of normal and 
irradiated (4Gy) rats treated with AgNPs:

Treatment with AgNPs (26.878 mg/kg) showed 
significant increase of Fe content in liver, kidney and 
lung tissues as compared to vehicle control as well 
as, a significant increase in liver and lung tissues as 
compared to normal control. Irradiation (4Gy) sig-
nificantly increase liver, lung ,kidney and testes Fe 
contents as compared to vehicle control and signifi-

cantly increased Fe content in liver, lung and testes as 
compared to normal control. Combination of irradia-
tion (4Gy) and silver nanoparticles (42.599 mg/kg) 
treatments significantly increased Fe contents in liver 
and testes as compared to both vehicle control and 
normal control, AgNPs antagonized irradiation effect 
on kidney and lung. AgNPs attenuated the effect of 
irradiation on testes Fe content. Combined treatment 
with AgNPs and irradiation showed a synergistic ef-
fect on liver Fe content. (Fig.7 A, B, C&D).
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Calcium (Ca) contents in various tissues of normal 
and irradiated (4Gy) rats treated with AgNPs:

Treatment with AgNPs (26.878 mg/kg) showed 
a significant decrease in Ca contents in liver and 
testes as compared to both vehicle and normal con-
trols.  AgNPs showed decrease in lung Ca content 
as compared to normal control value accompanied 
by a significant increase in Ca content in kidney 
as compared to normal control. Irradiation (4Gy) 

Fig. (7): shows subchronic effect of oral administration of AgNPs for 28 days  in normal and irradiated (4Gy) rats on iron 
(Fe) contents in liver (A), kidney (B), lung (C) and testis (D) tissues.
•	 n=8 rats per group. Data was expressed as mean ± SE. P<0.05.
•	 *Significantly different from the normal control value.
•	 a Significantly different from the vehicle control value.
•	 b Significantly different from silver nanoparticles value.
•	 c Significantly different from the irradiated control value.

of rats significantly decreased liver Ca content as 
compared to vehicle control, while lung Ca content 
showed significant decrease as compared to normal 
control. Kidney Ca content of irradiated (4Gy) group 
showed a significant increase as compared to normal 
control. Combined treatment with irradiation (4Gy) 
and silver nanoparticles (42.599 mg/kg) significantly 
increased Ca content in kidney tissue, while Ca level 
in lung showed a significant decrease as compared 
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to normal control.  Irradiation (4Gy) antagonized the 
effect of AgNPs on liver. AgNPs potentiated the ef-
fects of both irradiation on lung Ca and the effect on 

Fig. (8): shows subchronic effect of oral administration of AgNPs for 28 days  in normal and irradiated (4Gy) rats on calcium 
(Ca) contents in liver (A), kidney (B), lung (C) and testis (D) tissues.
•	 n=8 rats per group. Data was expressed as mean ± SE. P<0.05.
•	 *Significantly different from the normal control value. 
•	 a Significantly different from the vehicle control value.
•	 b Significantly different from silver nanoparticles value.
•	 c Significantly different from the irradiated control value.

kidney as compared to normal control. (Fig.8 A, B, 
C&D).

Magnesium (Mg) content in various tissues of nor-
mal and irradiated (4Gy) rats treated with AgNPs:

Treatment with AgNPs (26.878 mg/kg) pro-
duced significant increase in Mg content in kidney 
as compared to vehicle and normal control groups. 
Irradiation (4Gy) significantly increased liver and 

testes Mg contents as compared to vehicle and nor-
mal control groups. It also significantly increased 
Mg content in kidney as compared to normal con-
trol group. Irradiation caused significant decrease in 
lung Mg content as compared to both vehicle and 
control groups. Although vehicle (PVP), AgNPs and 
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irradiation exposure increased Mg content in kid-
ney as compared to normal control, combined treat-
ment of irradiation and AgNPs restored its value to 
the control level.  Combined treatment with irradia-
tion (4Gy) and AgNPs (42.599 mg/kg) significantly 

increased Mg content in lung as compared to all 
groups. AgNPs antagonize irradiation effect on liver 
and testes. Irradiation and AgNPs have a synergestic 
effect on lung Mg content. (Fig.9 A, B, C&D).

Fig. (9): shows subchronic effect of oral administration of AgNPs for 28 days  in normal and irradiated (4Gy) rats on 
magnesium (Mg) contents in liver (A), kidney (B), lung (C) and testis (D) tissues.
•	 n=8 rats per group. Data was expressed as mean ± SE. P<0.05.
•	 *Significantly different from the normal control value.
•	 a Significantly different from the vehicle control value.
•	 b Significantly different from silver nanoparticles value.
•	 c Significantly different from the irradiated control value.
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Fig. (10): shows subchronic effect of oral administration of AgNPs for 28 days  in normal and irradiated (4Gy) rats on 
manganese (Mn) contents in liver (A), kidney (B), lung (C) and testis (D) tissues.
•	 n=8 rats per group. Data was expressed as mean ± SE. P<0.05.
•	 *Significantly different from the normal control value. 
•	 a Significantly different from the vehicle control value.
•	 b Significantly different from silver nanoparticles value.
•	 c Significantly different from the irradiated control value.

Manganese (Mn) content in various tissues of nor-
mal and irradiated (4Gy) rats treated with AgNPs:

Treatment with AgNPs (26.878 mg/kg) showed 
a significant decrease in Mn content in lung as com-
pared to vehicle control. Irradiation (4Gy) signifi-
cantly increased testes Mn content as compared to 
vehicle control, normal control and AgNPs (26.878 
mg/kg). Irradiation significantly increased lung Mn 
content as compared to normal control. Vehicle treat-
ment increased Mn lung content. AgNPs administra-
tion decreased Mn content in lung as compared to 

vehicle control. Irradiation increased Mn content in 
testes as compared to vehicle and normal controls. 
Combined treatment with irradiation (4Gy) and sil-
ver nanoparticles (42.599 mg/kg) significantly in-
creased Mn content in lung as compared to normal 
control. Testes Mn content in the irradiated treated 
group showed significant increase as compared to 
vehicle control and normal control.  Irradiation an-
tagonized the effect of AgNPs effect on Mn content 
in lung whereas, AgNPs attenuate irradiation effect 
on Mn content in testes. (Fig.10 A, B, C&D).
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Discussion

In the present study, trace elements Fe, Cu, Zn, 
Mg, Ca and Mn as well as Ag were estimated in the 
examined four organs (liver, kidney, lung and testes) 
of rats after 28 days subchronic oral administration 
of AgNPs to normal and to irradiated rats (4 Gy) at 
a dose level of 26.878 mg/kg and 42.599 mg/kg re-
spectively (Amin et al., 2015). Results of the present 
study indicated that, accumulation of Ag due to oral 
administration of AgNPs (26.878 mg/kg) in the stud-
ied organs is in the ascending order of lung>liver> 
kidney>testes. Whereas, rats treated with AgNPs 
(42.599 mg/kg) after exposure to γ-irradiation (4Gy) 
led to different rank as kidney > testes > lung > liver. 
According to Gmoshinski et al. (2016), oral treat-
ment of rats with AgNPs resulted in a dose-depen-
dent Ag accumulation in liver tissue at a dose of 
0.1–10 mg/kg whereas in kidney tissue at a dose of 
0.1–1 mg/kg. Data of the present study revealed that, 
orally administration of AgNPs showed significant 
increase of Zn, Cu and Fe contents in lung tissue as 
compared to untreated control rats whereas AgNPs 
administration after γ-radiation led to significant in-
crease in liver and lung Zn, Cu, Fe. The uptake of 
NPs occurs by the mononuclear phagocyte system 
(MPS) (Van Furth et al., 1972). The MPS comprises 
phagocytic cells, which are located in reticular con-
nective tissue, as Kupffer cells in liver, alveolar and 
splenic macrophages. MPS has an important role in 
defense against bacteria, mycobacteria, viruses, pro-
tozoa, and fungi, also macrophages remove senes-
cent erythrocytes, leukocytes, and megakaryocytes 
by phagocytosis and digestion (Das et al., 2015), 
also MPS can store Fe in liver, which resulted from 
heme catabolism after the breakdown of red blood 
cells (Hull et al., 2014). AgNPs uptakes depend on 
NPs ability to cross the capillary wall of the organs 
and phagocytosed in MPS (Brandenberger et al., 
2010). It was recorded that the uptake/accumula-
tion of AgNPs by the MPS increases with its higher 
concentration in the blood (Kim et al., 2008). Our 
data further indicated that, accumulation of Ag in 

kidney and testis tissues accompanied with elevation 
of Zn and Fe levels due to combined exposure with 
γ-radiation and AgNPs. It is not completely clear that 
the dissolved AgNPs interact with cell components, 
although it is suspected that AgNPs has physico-
chemical properties lead to unknown adverse health 
effects (Chen and Schluesener, 2008), such as the 
“Trojan Horse” effect (Kreuter, 2004). In “Trojan-
horse” mechanism, NPs are internalized within cells 
and then release many of toxic ions (Hsiao et al., 
2015). On the other hand, AgNPs may cause adverse 
effects by the generation of reactive oxygen species 
(ROS) and through the interaction with the thiol 
groups of proteins (Chen and Schluesener, 2008). 
In a study on the metabolism of AgNPs, detect that 
accumulation of NPs in the organs of rats exposed to 
NPs consist of sulfur and selenium (Kim et al., 2008 
and Loeschner et al., 2011). 

Results of the present study revealed that irradia-
tion (4Gy) significantly increased Zn and Fe content 
in liver, lung and testes tissues as compared to normal 
control. These results are in agreement with previous 
investigators Beregovskaia et al., (1988), Nada et 
al., (2008) and Ashry et al. (2010) who found that 
whole body γ-irradiation induced an elevation of Zn 
in different organs. The increase of Fe level may be 
due to oxidative stress inducing proteolytic modifi-
cation of ferritin and transferrtin Garcia-Fernander 
et al. (2005). In addition Nada et al., (2008) reported 
an increase of Fe content in liver after whole body 
irradiation. In the study of Crowe and Morgan 
(1996), Fe is required in oxidative metabolism to 
DNA synthesis and cell division. For resisting cell 
damage and inflammation, liver cells deliver more 
Zn to synthesize nucleic acids, proteins and enzymes 
related to zinc (Shiraishi et al., 1986). Combina-
tion treatment with irradiation (4Gy) and AgNPs 
(42.599 mg/kg) in the present study significantly in-
creased Zn content in liver, kidney and testes tissues 
as compared to vehicle control, where significantly 
increased Fe content in liver and testes as compared 
to both vehicle control and normal control. Thus, ir-
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radiation and combined exposure of irradiation with 
AgNPs treatment led to accumulation of Zn and Fe in 
liver and lung organs. AgNPs potentiated the effect 
of irradiation on liver and kidney tissue content of 
trace elements. Zn is known as a free radical scaven-
ger which affects the body’s immune system through 
its essential role in the synthesis of nucleic acid as 
well as protein. The antioxidant role of Zn could be 
related to its ability to induce metalothioneins (Wi-
num et al., 2007). There is increasing evidence that 
metalothioneins can reduce several types of free 
radical including superoxides, hydroxyl and peroxyl 
radicals (Pierrel et al., 2007). On the other hand, 
the present data revealed that AgNPs attenuated the 
effect of irradiation on testes. The redistribution of 
Zn after irradiation may be a biological protection 
behavior against irradiation Sorenson, (2002); these 
may include DNA repair, protein synthesis and scav-
enging the toxic free radicals. As essential metal, Zn 
is required for many cellular functions (Micheletti et 
al., 2001). Also Zn protects various membrane sys-
tems from peroxidation damages induced by irradia-
tion (Shiraishi et al., 1983; Matsubara et al., 1987) 
and stabilizes the membrane perturbation (Markant 
and Pallauf 1996 and Morcillo et al., 2000). Com-
bined treatment with AgNPs and irradiation has syn-
ergistic effect on liver and kidney tissues content of 
the tested trace elements. AgNPs attenuated the ef-
fect of irradiation on testes tissues Zn content while 
irradiation antagonized AgNPs effect on lung tissue 
Zn content. Moreover, the high accumulation of Fe 
in liver due to radiation is closely correlated with the 
inhibition of ceruloplasmin which is essential for Fe 
metabolism and distribution (Osman et al., 2003 
and Harris, 1995). The loss of feroxidase activity 
of ceruloplasmin resulted in systemic Fe deposition 
and tissue damage (Okamoto et al., 1996). Accord-
ing to Underwood, (1977), there is inverse correla-
tion between hepatic Fe and Cu concentration in rats. 
Fe is an essential trace element that is vital for the 
function of Fe dependent enzymes as peroxidases, 
ribonucleuotide reductase, catalase and cytochrome. 

Fe is also necessary for the function of hemoglobin. 
It is also associated with Cu in several functions as 
it is involved in the constituent of other oxidative 
system for amino acid. According to Papanikolaou 
and Pantopoulos (2005) Fe homeostasis has to be 
tightly controlled. Free Fe has been catalyzing the 
generation of ROS which attack and damage cellular 
macromolecules and promote tissue injury and cell 
death. The present study indicated that Cu content of 
testes and liver tissue, in the irradiated group showed 
significant increase compared to normal control, 
where whole body X-ray irradiation increased Cu 
concentration Tamanoi et al. (1995).

In the study of AshaRani et al. (2009), cells 
treated with AgNPs for 4 hours showed a drop in 
Ca2+ concentration, as well as Moutin et al. (1989) 
provided evidence that Ag+ ions act on the same site 
as Ca2+ ions, regulating the release of Ca2+ from sar-
coplasmic reticulum. On the other hand Orrenius 
et al., (1992) showed that higher concentration of 
Ag+ ion inhibited Ca2+ release from the intracellular 
stores. AgNPs could release Ag+ ions through sur-
face oxidation which lead to fluctuations of Ca2+ in a 
similar way AshaRani et al. (2009); it may explain 
the increase of Ca content in kidney tissue of irradi-
ated rats. Disruption of calcium homeostasis is an 
early sign of cell injury which plays a major role in 
pathological and toxicological conditions. Repeated 
calcium influx and efflux in mitochondria could re-
sult in mitochondrial membrane damage, resulting 
in ROS production and inhibition of ATP synthesis 
Orrenius et al. (1992). Whole body γ-radiation ex-
posure caused disturbance and alteration of Ca level 
in the blood Fauxcheux et al., (1976). El Nimr and 
Abdel-Rahim (1998) found that exposure of rats 
to γ-radiation (5Gy) increase levels of Ca in lung, 
liver and kidney tissues. The disturbances of calcium 
metabolism after irradiation may be attributed to the 
insufficient renal function Kotb et al. (1990). On 
the other hand, results of the present study revealed 
that AgNPs (26.878 mg/kg), irradiated and irradiat-
ed rats treated with AgNPs (42.599 mg/kg) showed 
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increased Ca content in kidney tissue as compared 
to normal control. The increase of Ca content may 
be attributed to hypoxia induced by oxidative stress 
this explanation is in accordance with the results of 
Berna et al. (2001).  

Irradiation (4Gy) significantly increased Mg 
content in liver, kidney and testes tissue as compared 
to normal control. Irradiation caused significant de-
crease in lung tissue Mg content as compared to both 
vehicle and control groups. The present results are 
in accordance with the results Yukawa et al. (1980) 
and Symthe et al. (1982). Combination of irradia-
tion (4Gy) and AgNPs (42.599 mg/kg) significantly 
increased Mg content in lung tissue as compared to 
vehicle control and normal control. AgNPs antago-
nized irradiation effect on liver, kidney and testes. Ir-
radiation and AgNPs have synergestic effect on lung 
Mg content. Furthermore, Nada et al. (2008) report-
ed that the redistribution of Ca and Mg in tissue or-
gan may respond in recovery from radiation-induced 
pathology or in repairable damage in biomemebrane 
and to prevent irreversible cell damage. 

Results of the present study demonstrated that 
Mn and Fe content in lung and testes tissues in-
creased in irradiated and the irradiated group treated 
with AgNPs. Fe and Mn can share common absorp-
tion and transport pathways Fitsanakis et al. (2010). 
Liver content of Mn in AgNPs, irradiated (4Gy) and 
irradiated treated group with AgNPs did not change. 
Mn is eliminated from the body mainly in the bile, 
thus the impaired liver function may lead to de-
creased Mn secretion Keen et al. (1999). However 
irradiation induced decrease of Mn in liver and other 
organ tissues Nada and Azab (2005).

In conclusion, radiation damage to living biolog-
ical tissues is associated with membrane permeabil-
ity which accompanied with corresponding altera-
tions in the essential trace element content of Zn, Cu, 
Fe, Ca, Mg, and Mn in the various examined organs 
tissue, liver, kidney, lung and testes. Subchronic oral 
administration of AgNPs induced marked changes in 

the concentration of the estimated essential elements 
in the various examined organs tissue of normal rats. 
Combined treatment with irradiation and AgNPs 
showed alterations in the elements content of the 
various organs tissue investigated. The demonstrated 
variation of the essential elements in the various or-
gans examined might be attributed to the selective 
responsiveness of each tissue to the AgNPs and/or 
γ-irradiation treatments. AgNPs administration to 
normal rats or γ-irradiated rats has considerate effect 
on the levels of trace elements especially Zn, Cu and 
Fe in liver and lung tissues which give attention that 
these organs more sensitive to AgNPs. 

Additional studies however, several studies are 
needed to gain further insight into the underlying 
mechanisms of the observed disturbances of essen-
tial trace element contents in the various examined 
organs (liver, kidney, lung, testes) in response to Ag-
NPs treatment in normal and irradiated rats.
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