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| Abstract: Silver (Ag) nanoparticles (nano-Ag) are widely used because of their distinctive antimicrobial properties, but this widespread use increases Ag release

into the environment along with many other pollutants such as heavy metals. Therefore, this study was undertaken to study the modulatory effect of cadmium
chloride (CdCl,) on the genotoxicity and mutagenicity of nano-Ag in mice liver, kidney and brain tissues. Co-injections of CdCl, (1.5 mg/kg) with nano-Ag (20,
41, or 82 mg/kg) resulted in significant elevations in both single and double DNA strand breaks that triggered higher apoptotic DNA damage, as revealed by the
more fragmented appearance of genomic DNA and the significant increase in apoptotic fractions. Concurrent higher mutation incidence in the presenilin-1 and
p53 genes was observed after CdCl, co-treatment than in nano-Ag-treated groups. Immuno-histochemical localization of p53 protein revealed the overexpression
of the p53 gene and the histological examination showed diffusely degenerated, congested blood vessels and the infiltration of leukocytes in the liver, kidney, and
brain tissues of the groups co-treated with nano-Ag and CdCl,. Moreover, CdCl, co-injection with nano-Ag increased reactive oxygen species (ROS) generation,
as revealed by increased malondialdehyde levels, decreased glutathione levels, and decreased superoxide dismutase and glutathione peroxidase activity, compared
with those induced by nano-Ag particles alone. We concluded that CdCl, enhanced the nano-Ag-induced genotoxicity via increasing mutation incidence in p53
and presenilin-1 gene.
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Introduction brain causing hepatotoxicity, renal toxicity and neuro-
toxicity when administered orally, subcutaneously or
The remarkable evolution of nanoparticles appli- via inhalation (14-17). However, contrasting results
cations due to their characteristic properties including were obtained on the nano-Ag induced clastogenicity.
small surface area, small size and high catalytic activity, No change were observed in the frequencies of micro-
increases the human exposure to nanoparticles as well nuclei in the bone marrow cells of Sprague-Dawley rat
as many pollutants. Therefore, the study of the effect which were treated with uncapped nano-Ag particles
of these pollutants on the genetic toxicity of nanopar- (18, 19) and in the bone marrow and liver cells of mice
ticles is inevitable to understand the toxic interactions and zebra fish treated with the nano-Ag capped with
between nanoparticles and pollutants. starch, bovine serum albumin, polyvinyl alcohol and
Because of the potent antibacterial, antifungal and poly vinyl pyrrolidone (PVP) (20-22). Despite, no DNA
antiviral properties, nano-Ag particles widely used in strand breaks were observed using a standard Comet
a wide range of products including cosmetics, clothes, assay, a modified enzyme Comet assay showing DNA
air- freshener sprays, surgical instruments, wound dres- strand breaks in the liver cells of mice treated with PVP
sings and bone prostheses in addition to their uses in or silicon coated nano-Ag (23).
food packing to increase product shelf life (1,2). Nano- The nano-Ag particles have been shown to increase
Ag particles are also extensively used in the environ- structural chromosomal aberrations and micronuclei
ment, for example in the disinfection of drinking water, frequencies in bone marrow cells of rats either injected
anti-fouling of swimming pool (3-6) and in water-based intraperitoneally with doses of nano-Ag 1.2 and 4 mg/
paints as an antibacterial additive, as well as their uses kg daily for 28 days (24) or orally administered nano-
in medicine as antitumor, anti-inflammatory antiviral Ag at 5, 25, 50 or 100, mg/kg body weight once daily
and antibacterial (7-12) agent and also in the promotion for five consecutive days (25). In fact, DNA damage in-
the wound healing (13). All these uses and applications duction by nano-Ag has been shown by increasing both
have therefore increased their human exposure and the DNA single- and double-strand breaks levels in rats
risks, which require the understanding of the genotoxi- and mice (26-28) and the y-H2AX (a marker for DNA
city in the presence of other pollutants. double-strand breaks) levels in zebra fish orally admi-
It has been shown that nano-Ag particles are trans- nistrated nano-Ag particles (29). A study of Ahamed et
located by blood circulation and accumulate in several al., (30) also showed the nano-Ag induced genotoxicity
organs including liver, spleen, testis, kidney and even as revealed by the significant elevations in p53 and p38
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proteins in Drosophila melanogaster treated with nano-
Ag coated with polysaccharide.

Nano-Ag induced teratogenicity was also reported
in several studies by the observed congenital malfor-
mations, decreased fetus viability, apoptotic damage
in mouse embryos at the blastocyst stage, decreased
implantation frequency, and delays in post-implanta-
tion development of embryos (20,31-33). Furthermore,
nano-Ag particles caused significant reductions in the
sperm counts and elevated the sperm abnormalities inci-
dence in mice (28,34) and rats Gromadzka-Ostrowska
et al. (395).

With increasing the nanoparticles usage in a variety
of industrial, food and medical products human subjec-
ted to nano-Ag particles as well as many pollutants in
food, water, air etc. Cadmium (Cd) is one of the most
toxic heavy metals as released from minerals refining,
cigarette smoking and smelting that increasing its level
and causing pollution of water, air, and soil thereby ac-
cumulated in human body through food chain or direct
exposure to Cd contaminated environment causing ac-
cumulations of Cd in various organs and tissues (36-38).

This Cd exposure has many adverse effects on hu-
man health, including respiratory tract irritation, pul-
monary edema, renal dysfunction, osteoporosis, ane-
mia and cancer (37,39) in addition to the neurological
disorders e.g. learning disabilities and hyperactivity in
children (40) and olfactory dysfunction and neurobe-
havioral defects in attention, psychomotor speed, and
memory in workers exposed to Cd (37). Moreover, Cd
induced genotoxicity has been shown in several studies
by the reported significant elevations in micro-nuclea-
ted polychromatic erythrocytes in both tibia bone mar-
row cells and rats peripheral blood cells (41) and the
elevated chromosomal aberrations and sister chromatid
exchanges levels in Cd-exposed cells (42,43).

All these illustrate the need to study the effect of
CdCl, co-administration on the genotoxicity and mu-
tagenicity of nano-Ag and elucidating the possible
molecular mechanisms for effect in this study. Alkaline
comet assay was done to detect both single and double
strand breaks. Apoptotic DNA damage was assessed
using neutral comet and laddered DNA fragmentation
assays. On the other hand single strand conformational
polymorphism (SSCP) analysis was done to screen mu-
tations in both p53 and presenilin-1 genes while immu-
no-histochemical localization of p53 protein was done
using immunohistochemistry technique. Finally histo-
logical examination and biochemical measurements of
oxidative stress markers were carried out to shed more
light on their mechanisms.

Materials and Methods

Animals

The purchased male mice from the animal house of
National Organization for Drug Control and Research
(NODCAR) were Swiss webster strain (30-35 gram)
and aging 10-12 weeks. For acclimatization mice were
kept in our animal house for seven days under standard
dark/light cycle and supplied with standard diet pellets
and water that were given ad libitum.

Chemicals

Both of nano-Ag particles and CdCl, were obtained
from the sigma chemical company (Sigma chemical
Co., St. Louis, MO, USA). First CdCl, was obtained in
the form of white CdCl, powder and dissolved in deio-
nized water to prepare the selected injected dose (1.5
mg/kg) in this study and represented 25% fraction of the
computed 24 hours LD50 (5.98 mg/kg) in mice by the
study of Ali (44). On the other hand, nano-Ag particles
were purchased in the form of grey powder with size
<100 nm, its purity 99.5% and contains polyvinylpyr-
rolidone (PVP) as a dispersant. nano-Ag particles were
suspended in deionized distilled water to prepare the
doses required to inject mice in both preliminary test to
detect its LD50 and the remaining experiments.

Nano Ag particles characterizations
X-Ray Diffraction (XRD)

Using a charge coupled device diffractometer
(XPERT-PRO, PANalytical, The Netherlands) the XRD
patterns of Nano-Agwere detected and the Scherrer’s
relationship (D = 0.9 k/Bcosh) was used to calculate
their particle size, where £ is the wavelength of Xray, B
is the broadening of diffraction line measured as half of
its maximum intensity in radians, and / is the Bragg’s
diffraction angle. The particle size of sample has been
estimated from the line width of XRD peak.

Dynamics Laser Scattering (DLS)

Malvern Instrument Zetasizer Nano Series (Malvern
Instruments, Westborough, MA) equipped with a He-
Ne laser (4 = 633 nm, max 5 mW) was used to detect
the agglomeration size and Zeta potential of Ag nano-
particles.

Transmission Electron Spectroscopy (TEM)

To detect the particles size and morphology in
aqueous suspensions, nano Ag suspensions in Milli-Q
water were ultra-sonicated at 40 W for about 25 min
and placed a drop of this suspension on carbon-coated
copper TEM grids, dried, and finally operated TEM (a
Tecnai G20, Super twin, double tilt) at an accelerating
voltage of 200 kV.

Determination of Ag LD50

In order to determine the starting acute dose, mice
were injected intraperitoneally (i.p) with each of the
nano Ag different doses 500, 1500, 2500, 3500, 4000 or
5000 mg/kg b.w and observed for the clinical signs of
toxicity, body weight effects, mortality and monitoring
the dead mice number during the first 24 hours. Using
the computer software EPA probit analysis by aid of
NCSS package software, version 10, the nano Ag lethal
dose causing the death of 50% of the animals (LD50)
was calculated and the three fractions (1/100, 1/50 and
1/25) of the calculated LD50 dose were estimated.

Treatment Schedule

In this study forty male mice were used and randomly
dived into eight groups, five per each, as follow: nega-
tive control group injected i.p with dist. water (group 1)
and treated groups injected i.p with either CdCl, at the
dose level 1.5 mg/kg b.w (group 2) or each of the nano-
Ag different fractions (1/100, 1/50 or 1/25) of the cal-
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culated LD50 (groups 3, 4 and 5) separately or both of
CdCl, and nano-Ag (groups 6, 7, and 8) then all groups
were sacrificed after 24 hours of the last treatment and
dissected to expose the desired organs in accordance
with the Guidelines of the National Institute of Health
(NTH).

Alkaline comet Assay

Both of single and double DNA strand breaks were
detected in the liver, kidney and brain tissues using
the alkaline comet assay (45). In brief; homogenized a
small piece of tissue weighting about 50 mg gently into
mincing solution, mixed 10 pl of suspension containing
about 10,000 cells with 75 pl of 0.5% low melting point
agarose (Sigma) and spread on slides coated with nor-
mal melting agarose (1%). Cells were lysed after soli-
dification in cold lysis buffer (2.5-M NaCl, 100-mM
EDTA, and 10-mM Tris, pH 10) with freshly added
10% DMSO and 1% Triton X-100 for 24 hours at 4°C
in dark. To unwind DNA the slides were incubated in
fresh alkaline buffer (300-mM NaOH and 1-mM EDTA,
pH _ 13) for 25 min that electrophoresed for 25 min at
300 mA and 25 V (0.90 V/cm) and neutralized in 0.4-M
Trizma base (pH 7.5). Finally, slides were fixed in 100%
cold ethanol, air dried, and stored at room temperature
until they were scored. Slides were imaged by simul-
taneous image capture and 50 cells stained with ethi-
dium bromide at x400 magnification were scored using
Komet 5 image analysis software developed by Kinetic
Imaging, Ltd (Liverpool, UK). Tail length, %tail DNA
and tail moment were used as DNA damage endpoints.

Neutral comet assay

Apoptotic DNA damage in liver, kidney and brain
tissues were estimated using the neutral comet assay
(46,47) as follow: spread cell suspensions on slides,
lysed and electrophoresed for 30 min at 24 V in 1x
TAE buffer (90 mM Tris, 2 mM EDTA, 90 mM boric
acid, pH 8.4) at 4 °C. finally slides were stained with
ethidium bromide and scored one thousands cells per
animal included non-apoptotic (cells have no or little
DNA migration), apoptotic (cells form structures with
large fan-like tails and small heads) and necrotic or hea-
vily damaged (cells have a long, thin tail of fragmented
DNA) cells numbers were scored in one thousands cells
per animal. Apoptotic fraction (AF) was calculated by
dividing the number of apoptotic cells (apoptotic or ne-
crotic cells) on the total number of cells examined and
results were expressed as percentage of fragmentation
observed in the control group.

Laddered DNA fragmentation assay

Apoptotic DNA damage was further studied using
laddered DNA fragmentation because DNA fragmenta-
tion is considered as one of the later steps in the apopto-
tic process. Using Sriram et al. (48) method: cells were
lysed in TE lysis buffer containing 0.5% sodium dode-
cyl sulfate then added 0.5 mg/mL RNase A and incu-
bated at 37°C for 1 h. Proteinase K (0.2 mg/mL) was
finally added and incubated the samples at 50°C over-
night. After that, electrophoresed the extracted DNA
using Phenol extraction method and precipitation by 7.5
M ammonium acetate and isopropanol in 1% agarose
gel at 70 V and visualized using a UV transiluminator

and photographed.

Single strand conformational polymorphism analy-
sis

Mutations in Presenilin-1 (exon 5) and p53 (exon
7) genes were screened in liver, kidney and brain tis-
sues using highly sensitive single strand conformatio-
nal polymorphism (SSCP) technique. The extracted
genomic DNA using Gene JET Genomic DNA Purifi-
cation kit (Thermo Scientific #K0721, #K0722) were
amplified by polymerase chain (PCR) using the pri-
mer sequences sense S-aatctacaccccattcacag-3 and an-
tisense S-gcccccaactctcccace-3 to amplify presenilin-1
gene (20) and sense 5-GCCGGCTCTGAGTATAC-
CACC-3; and antisense 5-CTGGAGTCTTCCAGTG-
TGATG-3 to amplify exon 7 of p53 gene (49,50) in a
PCR reaction mixture containing the genomic DNA (50
ng), forward and reverse primers (30 pmol) and master
mix. Thermal Cycler (Programmable Thermal Cycler,
PTC-100TM thermal cycler, Model 96; MJ Research,
Inc.,Watertown,MA, USA) were used to perform PCR
reaction by initial denaturation at 94oC for 3mins fol-
lowed by 35 cycles of denaturation at 94oC for 30 s,
annealing at 60oC for presenilin-1 and 62oC for p53
genes for Imin, extension at 720C for 1min and final
extension at 720C for 10 mins to complete amplifica-
tion. To ensure the amplification of desired genes, PCR
products were electrophoresed on a 1.5% ethidium bro-
mide-treated agarose gel (Sigma, UK) and visualized
using UV trans-illuminator. Finally purified PCR pro-
ducts were mixed with denaturing-loading dye (95%
formamide, 0.1% bromophenol blue, 0.1% Xylene cya-
nol FF and 0.5 ml 15% Ficoll) and TE buffer, then dena-
turated them by heating at 94 C for 7 min and chilled
on ice for 10 min to prevent re-annealing (Gasser et al.,
2006). Electrophoresed samples at 90 V for ~45 minute
then stained with ethidium bromide and examined using
a UV transilluminator and photograph.

Histopathological examination

To see the effect of nano-Ag induced toxicity in the
presence of CdCl, on the histological architecture, histo-
pathological examination of the liver, kidney and brain
tissues of mice treated with the highest nano Ag dose
(1/25 of the LD50) either alone or simultaneously with
CdCl, (1.5 mg/kg) was done by fixing, dehydrating, and
clearing tissues that subsequently infiltrated with molten
paraffin wax, embedded, trimmed, and finally sectioned
into thin slices (4-5 mm thickness) using microtome and
stained with hematoxylin and eosin.

Immuno-histochemical analysis

Effect of CdCl, on the expression of p53 genes was
investigated using immune-histochemical localization
of p53 protein in liver, kidney and brain of mice treated
only with the highest nano Ag dose (1/25 of the LD50)
either alone or simultaneously with CdCl, (1.5 mg/kg).
Briefly; rehydrated the paraffin sections in graded alco-
hols series after dewaxing them in xylene then antigen
retrieval in Tris-EDTA buffer was heat induced and
blocked the non-specific binding using 10% non-im-
mune serum. Incubated the tissue sections for 2 hours
in p53 antibody diluted 1:50 with TBS and in TBS wit-
hout primary antibody for negative control. Hydrogen
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peroxide (3%) were used to block the endogenous pe-
roxidase activity of tissues (BioGenex, San Ramon, CA,
USA). Finally, incubated the tissue sections with 100
ul horse radish peroxidase (HRP) labeled mouse secon-
dary antibody with DAB chromogen, stained them with
hematoxylin for counterstain and examined using light
microscope for p53 accumulation that stained brown.

Oxidative stress markers measurements

The malondialdehyde (MDA) and reduced gluta-
thione (GSH) levels and activities of superoxide dismu-
tase (SOD) and glutathione peroxidase (Gpx) enzymes
were biochemically estimated in the liver, kidney and
brain tissues of all groups as markers of oxidative stress.

MDA Level

According to the method described by Ohkawa et al.
(51) MDA level was estimated by reacting the thiobar-
bituric acid (TBA) with MDA at temperature of 95°C in
acidic medium for 45 min forming TBA reactive product
reading the resultant pink product absorbance spectro-
photometrically at 534 nm. Results were expressed as
nmol/g tissue used.

Reduced GSH Level

The GSH level was measured using Beut-
ler et al. (52) method by reducing Ellman's reagent (5, 5
dithio bis-(2-nitrbenzoic acid)) with GSH to form 1 mol
of 2-nitro-5-mercaptobenzoic acid (yellow compound)
per mol of GSH. The reduced chromogen is directly
proportional to GSH concentration and its absorbance
was determined at 405 nm. Results were expressed as
mmol/g tissue used.

SOD Activity

Using Nishikimi et al. (5§3) method SOD activity was
measured based on its ability to inhibit the phenazine
methosulfate-mediated reduction of nitroblue tetrazo-
lium dye and results were expressed as p/g tissue used.

GPx Activity

The GPx activity was assessed using Paglia and
Valentine (54) based on a reaction in which oxidized
glutathione (GSSG) is produced upon reduction of
peroxides, and is recycled to its reduced state by the
enzyme GSH reductase. The oxidation of NADPH to
NADP* is accompanied by a decrease in absorbance at
340 nm (A,, ) providing a spectrophotometric means for
monitoring GPx enzyme activity. The rate of decrease
in the A, is directly proportional to the GPx activity in

340
the sample. Results were expressed as p/g tissue.

Statistical analysis

All data were expressed as mean = S.D. and were
analyzed using the statistical software package (SPSS
21) software at the significance level <0.05. First inde-
pendent sample t-test was done to test the differences
between each treated group and the control group. Se-
cond One way analysis of variance (ANOVA) was also
performed to test the effect of nano-Ag different doses
on the tested parameters with or without CdClL,.

Results

Characterization of nano-Ag particles

According to the published data in Mohamed (28)
study, results of XRD analysis proved the crystallite
properties of bought nano-Ag by the appearance of three
characteristic peaks in the 440, 64.40, and 77¢ in the
XRD analysis curve and their size has been found to be
ranged from 21.3 to 27.7 nm by Debye Scherrer's for-
mula. However, dynamic laser scattering (DLS) revea-
led the high agglomeration and aggregation capacity of
nano-Ag particles in deionized dist. water by the repor-
ted zeta potential mean 9.35mV and the polydispersity
index (PdI) 1 values. As a result, it has been conducting
ultra-sonication of nano-Ag suspension and confirmed
using TEM imaging the dispersed form of nano-Ag sus-
pension with averaged size 57.4567 £ 9.77 nm and also
the cubic morphology of nano-Ag particles.

Lethality of nano-Ag particles

Fatalities marks were observed on the mice injected
i.p. with nano-Ag particles at different dose levels of
500, 1500, 2500, 3500, 4000 or 5000 mg/kg b.w. inclu-
ding weakness, decreased locomotor activity, convul-
sions, flatulence, and Hind limb paralysis. 24 hours, half
of the lethal dose (LD50) of it was found to be 2056 mg/
kg b.w. by the Probit analysis software. The three doses
of nano-Ag 20, 41 and 82 mg / kg represents 1/100, 1/50
and 1/25 of the calculated LD50, respectively, were
tested in this study.

Alkaline comet assay

Examples for the scored nuclei with various degrees
of DNA damage were shown in Fig. 1. As shown in
Table 1 a single i.p. injection of either CdCl, (1.5 mg
/ kg bw) or nano-Ag particles (20, 41 or 82 mg / kg
bw) alone resulted in statistical significant elevations
in the tail length, %DNA in tail and tail moment com-
pared with the negative control values. Co-injection of
CdCl, with nano-Ag particles caused a dramatic DNA
damage revealed by the high statistically significant
increases in tail length, %DNA in tail and tail moment
compared with negative control (p<0.001) and compa-

.
-

Figure 1. Representative photos for the comet nuclei observed

in the negative control and different treated groups with different
grades of DNA damage ranging from zero (a) to fourth grades (b-
d).
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Table 1. DNA damage level in mice groups injected i.p with nano-Ag particles different doses or CdCl, either separately or

together simultaneously in liver (a), kidney (b) and brain (c) tissues.

Group Treatment (mg/kg) Tail length (px) %DNA in tail Tail moment
1 Negative control 4.95+0.50 17.18 £ 1.70 1.08 £0.14
2 Cd(l_s) 13.31 £ 1.81=" 2531 £2.88*™ 3.82+0.97+
3 800, 14.73 £2.92* 24.04 £ 1.57+ 3.64 +0.88+"
4 Ag,, 17.34 + 3,82 26.55+£2.04+™ 4.72 £0.68"
5 82 2228 £1.38+ 33.30 +£2.03* 7.43+£0.71+
6 Ag(20)+Cd 18.51 £0.70*"%* 27.21 £ 1.34 0% 5.29 £0.560
7 Ag(41)+Cd 23.36 £ 3. 11« 30.23 £2.56b" 7.06 +0.94 b
8 Ag,+Cd 29.85 £ 1.57¥™0™ 42,15 +£3.14+0 12,60 +£ (.79 0

Groups (3, 4 and 5)
Groups (6, 7 and 8)

F=8.81 p<0.01
F=38.48 p<0.001

F=38.05 p<0.001
F=52.12 p<0.001

F=28.17 p<0.001
F=119.57 p<0.001

Results were expressed as mean + S.D. # statistically significantly different from the negative control group and > statistically

significantly different from the comparable nano-Ag treated group at p<0.05 @, p<0.01 " and p<0.001""" using student t-test.

One way ANOVA was used to test the effect of different doses of nano-Ag particles on the tested parameters.

Group Treatment (mg/kg) Tail length (px) %DNA in tail Tail moment
1 Negative control 7.67+1.09 19.62+£2.10 1.68 £0.42
2 Cd, 19.14 £ 2.80** 32.67 £3.83+" 6.46+ 143
3 &) 11.54 £1.52%" 25.79+£2.61*" 3.04 £ 0.66"
4 Ag, 21.01 £2.70* 35.68 £2.02+ 7.80+0.70***
5 Agq, 27.77 £1.90+* 4221+ 5.06% 12.19 + 1.45
6 Ag,,+Cd 20.41 £ 1.00*0™ 31,58 +4.15+" 6.49+ (.96 b
7 Ag,,,tCd 26.56 + 1.730™ 4399 £3.162  11.74 + 1.430
8 Ag(82)+Cd 3474 £ 5,16 55.31 £3.780 19.41+ 4,11 %0

Groups (3,4 and 5)
Groups (6, 7 and &)

F=75.69 p<0.001
F= 23.04p<0.001

F=28.10 p< 0.001

F=50.85p<0.001

F=102.98p<0.001
F=31.82p<0.001

Results were expressed as mean + S.D. “ statistically significantly different from the negative control group and ¥ statistically
significantly different from the comparable nano-Ag treated group at p<0.5 > p<0.01 “?and p<0.001®"" using student t-test. One

way ANOVA was used to test the effect of different doses of nano-Ag particles on the tested parameters.

Group Treatment (mg/kg) Tail length (px) %DNA in tail Tail moment
1 Negative control 6.45+ 1.99 17.34+ 1.64 1.50+0.43
2 Cd(m 16.37£2.10=* 30.96+ 3.90 5.42+2.03*"
3 80) 13.00+ 0.76 27.11 £ 4.54> 3.71 £0.66%"
4 Ag(4]) 20.50+ 4,19 36.21+3.03*™ 7.44+1.74
5 ) 25.70+0.90** 42.02 £4.332" 10.79+ 0.81*
6 Ag(20)+Cd 18.06+ 2.96 0™ 33.56 £2.90 0" 6.14+ 1.44>0
7 Ag(41)+Cd 27.704 1.21 @b 42724 2 3470 11.86 + 1.00¥">*
8 Ag(82)+Cd 36.99+ 5.54 @b 5436+ 2,950 20.16£ 2,52 &b

Groups (3, 4 and 5)
Groups (6, 7 and 8)

F=32.23 p<0.001
F=58.99p<0.001

F=17.45p<0.001
F=72.13 p<0.001

F=45.09p<0.001
F=78.82p<0.001

Results were expressed as mean + S.D. ® statistically significantly different from the negative control group and " statistically

significantly different from the comparable nano-Ag treated group at p<0.5 ©» p<0.01 “and p<0.001"*" using student t-test. One

way ANOVA was used to test the effect of different doses of nano-Ag particles on the tested parameters.

rable nano-Ag (p<0.05) treated groups. Moreover, one
way ANOVA analysis confirmed the strong statistical
dependence (p<0.001) of DNA damage parameters on
nano-Ag doses in both groups treated with either nano-
Ag particles alone or with CdCl, (Table 1a-c).

Neutral comet assay

Scoring of apoptotic and necrotic nuclei reflected the
induction of apoptotic DNA damage in groups treated
with CdCl, or nano-Ag either alone or simultaneously
at the same time by the statistical significant eleva-
tions (p<0.001) in apoptotic fractions when compared
with the negative control group (Table 2). Surprising,
the apoptotic fraction was statistically significantly in-
creased (p<0.05) in groups co-injected with CdCl, and
nano-Ag particles compared with the comparable nano-
Ag alone treated groups. Apoptotic fraction is heavily
dependent on the dose of nano-Ag particles (p <0.001)

as shown by analysis of one way ANOVA in all groups
treated with nano-Ag either alone or with CdCl, (Table
2).

Laddered DNA fragmentation

Apoptotic DNA fragmentation was increased ob-
viously in the genomic DNA of groups injected simulta-
neously with both CdCl, (1.5 mg/kg) and each of nano-
Ag three doses (20, 41 or 82 mg/kg) revealed by the
fragmentized and smeared appearance compared with
induced apoptotic DNA damage in nano-Ag treated
groups liver, kidney and brain tissues (Fig. 2). Howe-
ver, lowest degree of apoptotic DNA was observed in
the genomic DNA of brain tissues of all nano-Ag treated
groups either alone or with CdCl,. Also, CdCl, alone
was induced apoptotic DNA damage in the genomic
DNA of three tested tissues (Fig. 2).
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Table 2. Apoptotic fraction in liver, kidney and brain tissues of mice injected i.p. with nano-Ag particles different doses and

CdCl, either separately or together simultaneously.

Apoptotic fraction (%)

Group Treatment (mg/kg) Liver Kidney Brain

1 Negative control 3.50+0.79 3.90 £0.65 3.80 £1.20

2 Cd(l_s) 9.10+ 0.89*"" 9.90 & 1.74>* 15.00 £ 2,55+

3 80 6.80+0.91+" 10.90 £ 1.56>*" 10.30 £ 1.79**

4 8un) 11.80 £ 1.52+ 18.70+ 1.60** 18.10 £ 1.60***

5 ) 17.10 = 1.88+" 23.30+2.51+" 22.90 & 3.89+"*

6 Ag(ZO)Jer 10.90 £ 1.08 4™ 15,10 £ 2.07 "™ 14.50 + 2,240

7 Ag(4l)+Cd 16.10 £ 1.78 0™ 23,50 £ 2.457*"* 22.20 £ 3,570

8 Ag(82)+Cd 20.60+ 2.58 @ 0" 27.40 + 2,430 26.80 +£3.01 0
Groups (3, 4 and 5) F=59.40 p<0.001 F=47.34p<0.001 F=28.99p<0.001
Groups (6, 7 and 8) F=32.06p<0.001 F=36.53 p<0.001 F=21.94p<0.001

Results were expressed as mean + S.D. “ statistically significantly different from the negative control group and ¥ statistically
significantly different from the comparable nano-Ag treated group at p<0.5 > p<0.01 " and p<0.001**" using student t-test.
One way ANOVA was used to test the effect of different doses of nano-Ag particles on the tested parameters.
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Single strand conformational polymorphism (SSCP)
analysis

Examination of mutations in the p53 and preseni-
lin-1 genes using SSCP analysis demonstrated increased
incidence of mutation in each of exon 7 of p53 gene
and exon 5 of presenilin-1 gene after CdCl, co-injection
with each of nano-Ag different doses compared to those
resulting from the injection of each of the nano-Agthree

different doses in the liver, kidney and brain testing
organs (Fig. 3A &3B). Mutations have been observed
in p53 and presenilin-1 gene also in mice injected with
CdCl, alone and pointed to the different pattern of PCR
products compared with the pattern of the negative
control groups as shown in Fig. 3A & 3B. And the offe-
red examples for mutations that have been observed in
each of the p53 and presenilin genes are in Fig. 3.
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(A)Liver treated with Ag nanoparticles showing focal area of (B)Liver treated with nano- As and Cd showing diffusely ﬂesenemeﬂ
necrotic hepatocytes (arrow) (H&E x 400). hepatocytes (arrow head) with thick walled blood vessel (arrow)
(H&E x 400).
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vessel (arrow) (H&E x 400). vessel and pericellular edema (arrow) (H&E x 400).

Figure 4. Histopathological examination of mice injected only
with the highest dose of nano-Ag particles (82 mg/kg) either alone
or simultaneously with CdCl,

J

Histopathological examination

Histological examination showed focal area of ne-
crotic hepatocytes in liver tissues, hemorrhage area in
kidney tissues and congested blood vessel in both kid-
ney and brain tissues of the group treated with nano-Ag
particles (82 mg/kg) alone as shown in Fig. 4. In fact,
CdCl, co-injection increased and multiplied these his-
tological injuries as reflected by the observed diffusely
degenerated hepatocytes with thick walled blood ves-
sel, areas of degenerated renal tubules infiltrated with
leucocytic cells and finally congested blood vessel and
peri-cellular edema in the brain tissues (Fig. 4).

Immuno-histochemical localization of p53
Immuno-histochemical localization of p53 protein
showed overexpression of p53 protein in group co-
treated with CdCl, at 1.5 mg/kg and nano-Ag particles
at 82 mg/kg by the emergence of a more intense and
distribution of reddish brown color in the liver, kidney
and brain tissues compared with that group that received

Ag nanoparticles alone Nano-ag + Cd
—

Liver

Figure 5. Immuno-histochemical localization of p53 protein using
Horse radish peroxidase labelled antibody: degree of expression is
\indicated by the symbol +.

treatment with nano-Ag alone (Fig. 5).

Oxidative stress biochemical markers

Single i.p. injections of either CdCl, at the dose level
1.5 mg/kg or each of the different nano-Ag 20, 41 or 82
mg/kg separately or even together simultaneously resul-
ted in statistical significant elevations in the MDA level
compared with that of the negative control (p<0.001)
and comparable nano-Ag groups (p<0.05), respectively
as shown in table 2. Dependence of MDA level on the
doses nano-Ag doses in the nano-Ag treated groups
either alone or with CdCl, was reflected by one way
ANOVA analysis (p<0. 001) (Table 3).

On contrary, the level of GSH protein and activities
of Gpx and SOD enzymes were statistically significant-
ly decreased in the groups that were injected i.p. either
with CdCl, or each of the nano-Ag different doses com-
pared with the negative control group. These antioxi-
dants also were significantly dropped after CdCl, co-in-
jection with each of the three different nano-Ag doses
compared with the comparable nano-Ag treated group
(Table 4-6). Moreover, the GSH level and Gpx and SOD

Table 3. Malondialdehyde (MDA) level in the liver, kidney and brain tissues of mice injected i.p. with nano-Ag particles different doses

and CdCl, either separately or simultaneously.

MDA level (nmol/g tissue)

Group Treatment (mg/kg) Liver Kidney Brain
1 Negative control 38.45+4.07 4220+ 8.17 32.40 +£5.32
2 Cd, 126.20 + 11.19+* 163.50 + 17.42=* 151.60 £ 10.97*™
3 8.0 95.40 + 8.44+ 88.00 £ 7.11%"" 80.84 £ 7.02+*
4 8an 140.40 + 8.50+" 124.20 + 10.89 ™ 123.60 + 12,72
5 ) 164.80 + 6,72+ 159.40 + 10.45+" 160.20 = 11.17=
6 Ag,,tCd 14.20 £9.28 0™ 135.27 + 4,840 117.80 £ 4.7127%0%
7 Ag,,+Cd 155.00 £ 18.56*™ 167.40 + 13.16*"" 141.20 + 9.36"""%*
8 Ag,tCd 191.60 + 15.44 0™ 203.00 & 11.85«""0** 180.80 & 11.05 "

Groups (3, 4 and 5)
Groups (6, 7 and 8)

F=98.74 p<0.001
F=33.61p<0.001

F=68.64p< 0.001
F=51.05 p<0.001

F=70.45p<0.001
F=65.54p<0.001

Results were expressed as mean + S.D.

* statistically significantly different from the negative control group and  statistically signi-

ficantly different from the comparable nano-Ag treated group at p<0.5 - p<0.01 “and p<0.001"*" using student t-test. One way
ANOVA was used to test the effect of different doses of nano-Ag particles on the tested parameters.
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Table 4. Reduced glutathione (GSH) level in the liver, kidney and brain tissues of mice injected i.p. with nano-Ag particles different

doses and CdCl, either separately or simultaneously.

GSH level (umol/g tissue)

Group Treatment (mg/kg) Liver Kidney Srain
1 Negative control 0.506 +0.001 0.288 +0.003 0.257 +0.005
2 Cd, 0.271+0.007*" 0.216 + 0.009*" 0.177 +0.003*""
3 200) 0.275 + 0.009 = 0.178 £ 0.007*" 0.186 + 0.004
4 Agy, 0.193 + 0.004* 0.128 +0.005 " 0.137 + 0.006*"
5 22 0.135 £ 0.004** 0.095 £ 0.007 = 0.100 + 0.007+**
6 Ag,,tCd 0.176 + 0.008 "> 0.147 + 0.006*"">" 0.149 + 0.008>"""
7 Agy,tCd 0.120 £ 0.009 > 0,099 £ 0.007*">"* 0.113 + 0.004+" "
8 Ag,+Cd 0.081 + 0.007 &b 0.057 + 0.006*"">" 0.079 + 0.006 ™

Groups (3, 4 and 5)
Groups (6, 7 and 8)

F=632.20 p<0.001
F=169.18 p<0.001

F=191.52p<0.001
F=255.52 p<0.001

F=288.73 p<0.001
F=147.05 p<0.001

Results were expressed as mean + S.D. ® statistically significantly different from the negative control group and “ statistically
significantly different from the comparable nano-Ag treated group at p<0.01 ” and p<0.001“"" using student t-test. One way ANOVA

was used to test the effect of different doses of nano-Ag particles on the tested parameters.

Table 5. Superoxide dismutase (SOD) activity in liver, kidney and brain tissues of mice injected i.p. with nano-Ag particles different

doses and CdCI2 either separately or together simultaneously.

SOD activity (U/g tissue)

Group Treatment (mg/kg) Liver Kidney Brain

1 Negative control 7.61+1.07 4.60+0.97 10.34 +1.58

2 Cd(u) 3.83 £0.99* 2.71 £0.82 7.77 £1.29*
3 Ag o 5.51+£0.79+ 3.20 £ 0.90* 7.00 £ 0.83+"*
4 8un) 4.06 = 0.72¢ 2.32+£0.38%" 5.40 £ 0.96"
5 ) 3.90 + 0.74"* 1.91 £0.46° 3.82 +£0.54
6 Ag(20)+Cd 3.58 £0.68 0" 2.68 £ 0.69*"Y* 6.08 £ .75
7 Ag,, tCd 3.00 £ 0.79 b 1.72 £0.38+""%* 4.46 £ 0.69*""b
8 Ag g, tCd 1.73 £ 0.58 "0 1.07 £0.28+""b™ 2.66 £ (.59 «"b*

Groups (3, 4 and 5)
Groups (6, 7 and 8)

F=6.99 p<0.05
F=9.50 p<0.01

F=5.53 p<0.05
F=13.98 p<0.001

F=12.61 p<0.001
F=31.72 p<0.001

Results were expressed as mean + S.D. ® statistically significantly different from the negative control group and  statistically
significantly different from the comparable nano-Ag treated group at p<0.05®), p<0.01 “and p<0.001""" using student t-test. One way
ANOVA was used to test the effect of different doses of nano-Ag particles on the tested parameters.

Table 6. Glutathione peroxidase (Gpx) activity in the liver, kidney and brain tissues of mice injected i.p. with nano-Ag particles dif-
ferent doses and CdCl, either separately or simultaneously.

Gpx activity (U/g tissue)

Group Treatment (mg/kg) Liver Kidaey —
1 Negative control 173.60 + 5.59 307.94 + 16.80 206.80 £ 906
2 Cdu,s) 81.36 = 8.07*""" 89.16 £ 10.13+" 98.80 + 7.85*"""
3 8eo) 120.20 + 8.50 " 199.60 + 12.50"* 140.00 + 24.07
4 Agy, 77.16 + 791 103.20 + 1.9+ 80.80 + 8.23+""
5 82 57.87 + 5.94=" 66.40 + 7.44 59.00 + 4.36™*
6 Agy, tCd 90.05 & 3.84 o™ 84.80 + 5,89+ 78.40 % 6,657
7 Ag,,tCd 58.60 £ 9.02* 54.80 + 8.40°"" 50.00 + 7.90% "
8 Ag(gz)Jer 40.98 + 6.37 & **b* 36.00 + 6,362 2340 + 5.59 a***b*

Groups (3, 4 and 5)
Groups (6, 7 and 8)

F=89.79 p<0.001
F=67.82 p<0.001

F=199.76 p< 0.001
F=62.28 p<0.001

F=39.56 p<0.001
F=82.17 p<0.001

Results were expressed as mean + S.D. ® statistically significantly different from the negative control group and  statistically
significantly different from the comparable nano-Ag treated group at p<0.05™, p<0.01 “”and p<0.001""" using student t-test. One way

ANOVA was used to test the effect of different doses of nano-Ag particles on the tested parameters.

activities were significantly altered by changing the na-
no-Ag doses.

Discussion

Human exposure to a lot of pollutants in addition to
a wide range of heavily used nanoparticles in the air,
water, and food requires the study of toxic effects of na-
noparticles in the presence of other pollutants. Serious
impact of heavy metal Cd on life as industrial and agri-

cultural practices increasing its level in the environment
and deposition in various organs, for example through
food containing dietary Cd intake (55,56), making the
study of the effect of CdCl, on the toxic effects of the
extensively used nano-Ag essential.

Because liver and kidney are target organs for accu-
mulation of nano-Ag and also brain due to its ability
to cross blood brain barrier reaching brain (57,58). The
genotoxic effects of nano-Ag particles in the presence of
CdCl, were studied in the liver, kidney and brain tissues
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of mice in the current study.

Nano-Ag induced single and double strand breaks
were dramatically enhanced by CdCl co-injection
as evidenced by the by the significant increase in tail
length, %DNA in tail and tail moment compared with
those resulting from the injection of nano-Ag particles
alone in the three examined organs liver, kidney and
brain. Moreover, DNA damage inductions by either
CdCl, or nano-Ag injected separately has been shown
in several previous studies using alkaline comet assay
(26-28,59-61) in a line with the significant increase ob-
served in the DNA damage levels in liver, kidney and
brain tissues.

Oxidative stress is considered as a main mechanism
of DNA damage induction via generation of reactive
oxygen species (ROS) that interact with lipid, protein
and even with DNA producing single and double DNA
strand breaks (62). Our finding of significant elevations
in the MDA level and significant decreases in the an-
tioxidant GSH level and the activities of Gpx and SOD
enzymes after CdCl, co-injection first confirmed oxida-
tive stress inductions by either nano-Ag different doses
or CdCl, and also explained the enhancement of nano-
Ag induced single and double strand DNA breaks by
CdCl, co-treatment. Oxidative stress induction by CdCl,
due to the release of Cd ions which replace copper and
iron in various cytoplasmic and membrane proteins in-
cluding ferritin and apoferritin resulting in elevations in
the amount of free copper and iron ions thereby weake-
ned cells, decreased their resistance, and increased their
sensitivity to nano-Ag induced DNA damage (63,64).

As aresult, CdCl, co-treatment reinforced the nano-
Ag induced apoptotic DNA damage as shown by the
significant elevations observed in apoptotic fraction
and increased fragmentation of genomic DNA compa-
red with those observed in groups treated with nano-Ag
alone in agreement with the previous studies that have
proven that single DNA strand breaks act as signals to
induce apoptosis and double strand breaks trigger the
apoptotic DNA damage (65-67). Double strand DNA
breaks are one of the most serious and lethal types of
DNA damage because a single DSB is sufficient to kill
a cell or disturb its genomic integrity (68) and also these
breaks resulting in chromosomal aberration, mitotic ho-
mologous recombination and mutation (69,70).

Almost all previous studies were focused on the
role of presenilin-1 gene in the Alzheimer's disease pa-
thogenesis since its discovery in 1995 but recently pre-
senilin-1 mRNA has been shown to found abundantly
in the peripheral tissues including liver, kidney, testis
and spleen that are not affected in Alzheimer's disease
(71,72). Therefore, mutations were screened in this
study as an attempt to understand whether presenilin-1
gene has role in the toxic interaction between CdCl, and
nano-Ag or not.

Surprising, mutations have been observed in the gene
presenilin-1 in the tissues of liver, kidney and brain of
animals treated with any nano-Ag doses or CdCl, sepa-
rately and the high incidence of mutations in the gene
presenilin-1 in the groups co-injected with each of dif-
ferent nano-Ag doses and CdCl, at one time compared
with those observed in the nano-Ag treated groups. Pre-
senilin-1 gene encoded Presenilin-1 protein, a ubiqui-
tously expressed multi-transmembrane domain protein,

which is located primarily on the endoplasmic reticu-
lum (ER), the Golgi apparatus, and plasma membrane
function as a basic catalytic subunit for the y-secretase
complex involved in in the splitting of many of the
first type transmembrane proteins, including B-amyloid
B-amyloid precursor protein, Notch, CD44, Vascular
Endothelial Growth Factor Receptor, E-cadherin and
N-cadherin (73-76). Thus, the mutant presenilin-1 gene
disrupted beta amyloid processing from its precursor
and causing high rates of accumulation of beta-amy-
loid in the liver, kidney and brain of groups injected
simultaneously with CdCl, and nano-Ag as presenilin-1
mutations caused perturbing the relative ratio between
beta amyloid species and impairing developmental and
cellular signaling pathways controlled by c-secretase
substrates (77).

This accumulation of beta amyloid protein as re-
cently shown not only give rise to Alzheimer's disease
but also activate the p53 dependent apoptosis via p53
promotor (78,79). The findings of a high mutation inci-
dence in exon 7 of p53 gene after CdCl, co-injection
evidenced the influence of presenilin-1 gene mutations
in the toxic interaction between nano-Ag and CdCl,
via increased beta amyloid protein that caused distur-
bance in p53 sequence thereby alter its expression and
increased p53 dependent apoptosis.

Histochemical localization of p53 protein in our stu-
dy revealed its overexpression by CdCl, co-treatment
in liver, kidney and brain in consistence with the pre-
vious study of Dorszewska and his colleagues (80) that
showed that mutations in p53 exon 7 led to overexpres-
sion of p53 protein thereby increasing degenerative pro-
cess. This increase in the degenerative process by CdCl,
co-injection with nano-Ag is evident from the increase
in histological injuries observed including: diffusely
degenerated hepatocytes with thick walled blood ves-
sel, areas of degenerated renal tubules infiltrated with
leucocytic cells and finally congested blood vessel and
pericellular edema in the brain tissues after CdCl, co-in-
jection compared with the focal area of necrotic hepato-
cytes, hemorrhage area in kidney tissues and congested
blood vessel in both kidney and brain tissues from the
group that received treatment with nano-Ag particles
(82 mg / kg) alone.

Hence co-administration of the heavy metal CdC-
1,with nano-Ag increasing nano-Ag induced single and
double DNA strand breaks that triggered and enhanced
the induced apoptotic DNA damage via increasing MDA
production and declined the antioxidants efficacy there-
by weakened cells and increased mutation incidence in
presenilin-1 and p53 genes. Therefore, more studies are
recommended for further understanding of the effects of
other pollutants on nano-Ag induced toxicity.
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