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ABSTRACT

Background: Silver nanoparticles (Ag-Nps) and Titanium dioxide nanoparticles (TiO2-Nps) are well-known nanoproducts.
Both of them have many industrial applications. Lung is one of the major target organs for prolonged nanoparticles exposure.
Objective: This study was designed to investigate and compare the possible histopathological toxic effect of Ag-Nps & TiO2-
Nps on lung and which of them is safer for future using.

Materials & methods: 54 adult male albino rats were divided into 3 equal groups; Groupl (control group), Group II that
subdivided into two subgroups; Subgroup Ila: Ag-Nps group with (100 mg/kg/day) daily for 4 successive weeks and Subgroup
1Ib recovery group left for 4 weeks without injection, Group III that subdivided into two subgroups; Subgroup Illa: TiO2-Nps
group with (150 mg/kg/day) for 4 successive weeks and Subgroup I1Ib recovery group left for 4 weeks without injection.
Lung specimens were processed for light and electron microscope and immunohistochemical expression of caspase-3 and
CD-68. Morphometric and statistical analysis were performed.

Results: Group Ila showed collapsed alveoli, others showed ballooned distension and marked thickening of inter-alveolar
septa. Extensive cellular infiltration was detected. Group Illa showed focal areas of collapsed alveoli and thick inter-alveolar
septa. Mild cellular infiltrations were observed. Areas of extravasation were detected in the interstitium. Group I1Ib showed
signs of improvement which is more than group IIb.

Conclusion: exposure to Ag-Nps showed marked alterations on histological structure of lung, which is more than the
alteration caused by TiO2-Nps; in addition, recovery period was proved to ameliorate these changes better in TiO2-Nps.
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INTRODUCTION There are capped and uncapped Ag-Nps. Capped Ag-

Nps is achieved by adding capping agents, which bind to

Nanoparticles (Nps) have been known from centuries. the nanoparticle surface via covalent bonds or by chemical

The main characteristic of Nps is their size, which is interaction. These capping agents are essential to prevent

between | and 100 nm in atleast one dimension. This can nanoparticle aggregation and increase the solubility of the

modify the physicochemical properties of the material as nanosystem, and also can be used as a site for bioconjugation
well as create the opportunity for increased uptake and of the nanoparticle with important molecules!”*#..

interaction with biological tissues!'.
Silver nanoparticles have wide range of applications:

Nanoparticles have many advantages such as longer air sanitizer sprays, face masks, wet wipes, detergent, soap,
shelf-stability, high carrier capacity, and ability to shampoo, toothpaste, air filters, vacuum cleaners, washing
incorporate hydrophilic and hydrophobic drug molecules machines, food storage containers, catheters, orthopedic
increase the bioavailability of drugs®. bone cement, antiseptic sprays, wound dressings, liquid

condoms, contraceptive devices and surgical instruments.

Silver nanoparticles (Ag-Nps) are dark brown to gray Other important medical applications of Ag-Nps are drug
particles®. They have unique physicochemical properties delivery, antiviral, antimicrobial, and anticancer agentst®*'%,
including a high electrical and thermal conductivity. Ag-

Nps are engineered in various size and shape, it could be Titanium dioxide nanoparticles (TiO2-Nps) occur in
spheres, platelets, cubes and rods. Formulations of Ag- different sizes, shapes, chemical compositions and four
Nps with various carrier molecules increase their stability, crystalline polymorphic forms. Naturally exists in anatase,
biocompatibility and versatilityt* ¢l rutile, and brookite!''l.
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Titanium dioxide nanoparticles are capable of a wide
variety of applications in life science and industry, such
as in the productions of paints, coatings, plastics, skin care
products, foods as well as in air and water filters. Other
important medical applications of TiO2-Nps are excellent
antibacterial tools and cytotoxic effects on cancer. TiO2-
Nps also share in formation of articulating prosthetic
implantst!!-¢],

The size of TiO2-Nps is critical in its toxic effect,
the smaller the particles size of TiO2, the more reactivity
and toxicity. These nanoparticles can be absorbed into
the body by inhalation, ingestion and dermal penetration
due to their small size. The heavy usage of TiO2-Nps in
industry increases the possible risk association with their
environmental exposurel'”-'®],

According to previous authors!'! silver (Ag) and
titanium dioxide (TiO2) nanoparticles are well-known
nanoproducts. Both have common manufacturing
applications such as in cosmetics, water filters, air
conditioning filters and food industry. Medically they are
both used as antifungal, antimicrobial and in treatment of
cancer.

The smaller sized nanoparticles were found to be more
toxic, compared with bigger nanoparticles size. However,
the particle size is not the only factor that determines
particle toxicity. Other important factors are the synthesis
procedure, and the presence or not of capping agents?*!,

With the increasing utilization of Nps, the general
population has a greater risk of exposure through
occupational environment and consumer products in daily
life. This exposure may occur over several phases of the
lifespan of the Ag-Nps, from synthesis and manufacturing,
distribution, end-product use and end-of-life disposal of
everyday consumer products?>24,

According to previous authors!**! reported that Ag-NPs
accumulate within several targeted organs including liver,
lung, spleen and brain.

Many in vitro studies revealed that Ag-Nps induce
apoptosis, which is associated principally with caspase-3
activity. TiO2-Nps has shown to cross the cell membrane,
produce oxidative stress, cause inflammation, damage
DNA, and cause apoptosis!!!-2627-28],

The aim of the present study is to investigate and
compare the possible histopathological toxic effect of two
metal engineered Nps (Ag-Nps& TiO2-Nps) on lung and
which of them supposed to be safer for future using.

MATERIALS AND METHODS

Chemicals

1. Silver nanoparticles (Ag-Nps):

Silver nanopowder (Chemical Abstracts Service
number “CAS-No. 7440-22-4” in poly vinyl pyrrolidone
[PVP] as dispersant) with a particle size less than 100 nm
contain 99.9% trace metals basis. It was purchased from
Sigma-Aldrich Chemicals, Cairo, Egypt.

2. Titanium dioxide nanoparticles:

Titanium dioxide nanoparticles were synthesized at the
laboratory of Faculty of Science Zagazig University.

Synthesis of TiO2-Nps:

Titanium dioxide nanoparticles were synthesized using
a Sol-gel method™!. The used procedure was as following:

* Solution A: 15 ml of titanium isopropoxide added
to 45 ml of absolute ethanol at volume ratio (1:3)
under continuous stirring for 30 minute until a
homogenous white yellow solution produced.

* Solution B: 15 ml of doubly distilled water added to
60 ml of absolute ethanol at volume (1:4), Nitric acid
(HNO3) was added drop wise until adjacentment of
the solution pH to be (1) “acidic solution" to restrict
the hydrolysis process of the solution.

* The gel preparation process started when both
solutions A&B were mixed together under vigorous
stirring for 2 h.

» The gel dried at 80- in water path for 1 h until most
ethanol evaporated after that the produced mixture
dried overnight at an oven at 80-.

* Then the dry gel was calcinated at 500°C for Shrs
were subsequently carried out to obtain desired
Ti02 nano-powder.

Animals

This study was carried out on 54 adult male albino rats
with average weight of 180-200 gm. They were obtained
from the Animal House at Faculty of Medicine, Zagazig
University. Throughout the duration of the experiment,
rats were housed in room temperature with normal light/
dark cycles. They were allowed ad-libitum access to food
and water. Rats were acclimatized to their environment for
one week before starting the experiment. All experimental
procedures were performed in accordance with the
guidelines of the Institutional Animal Care and Use
Committee and accepted by Faculty of Medicine, Zagazig
University.

Nanoparticle characterization

182



Gawish et al

To study the particles size and morphology, the
aqueous dispersion of the nanoparticles was drop-cast onto
a carbon- coated copper grid*®3!,

The grid was air dried at room temperature and
visualized using JEOL JEM 2100 Transmission Electron
Microscope (Jeol Ltd, Tokyo, Japan) at Electron
Microscope Research Laboratory (EMRL) of Faculty of
Agricultural EI Mansoura University, Egypt. (Fig. 1:Ag-
Nps & 2:TiO2-Nps)

Experimental procedure
The rats were divided into 3 equal groups as following:

Group I (control group): included 18 rats, further
subdivided into two equal subgroups (9 rats each):

e Subgroup Ia (negative control group):
Rats received no treatment for 4 weeks.
o Subgroup Ib (positive control group):

Rats received intraperitoneal injection of 1 ml saline
solution daily for4 successive weeks. The saline represented
both silver and titanium dioxide nanoparticles’s solvent.

Group II (Silver nanoparticles injected group):
included 18 rats that further subdivided into two equal
subgroups (9 rats each):

e Subgroup Ila: received Ag-Nps intraperitoneally
(100 mg/kg/day) suspended in 1 ml saline solution
daily for 4 successive weeks. 100 mg Ag-Nps
dispersed in 5 ml saline and each rat received 20 mg
Ag-Nps in 1 ml saline everyday according to their
weight2,

¢ Subgroup IIb (recovery group): received Ag-Nps
as group II a, then left for further 4 weeks after Ag-
Nps injection without any further injection*.

Group III (Titanium dioxide nanoparticles injected
group): included 18 rats that further subdivided into two
equal subgroups (9 rats each):

e Subgroup IIIa: will receive intraperitoneal injection
of TiO2-Nps (150 mg/kg/day) suspended in 1 ml
saline solution daily for 4 successive weeks.150
mg TiO2-Nps dispersed in 5 ml saline and each rat
received 30 mg TiO2-Nps in 1 ml saline every day
according to their weightB4.

e Subgroup IIIb (recovery group): received
intraperitoneal injection of TiO2-Nps as group III a,
then left for further 4 weeks after TiO2-Nps injection
without any further injectiont*!.

After 4 weeks rats of injected groups (Subgroup Ila
and IIla) and control group were anaesthetized with 50mg/
kg body weight of sodium phenobarbital through intra-
peritoneal injection. After 8 weeks rats of recovery groups
were anaesthetized as beforel*®l. The thoracic cages were
opened; and their lungs were dissected out and processed
for light and electron microscopic examination.

Light microscope study

Specimens for light microscopy were fixed in 10%
saline formalin (buffered) and processed to prepareS-pum-
thick paraffin sections for:

(1) Haematoxylin&Eosin (H&E) stain®”!.
(2) Immunohistochemical stain:

Immunostaining was performed using the avidin-
biotin-peroxidase technique for detection of caspase-3
(Rabbit monoclonal antibody purchased from Lab Vision
Laboratories (Cat#: 1475-1) at dilution of 1:100) as a
marker for apoptosis and CD-68 (Mouse monoclonal
antibody purchased from Novocastra labs, UK, at a dilution
of 1: 20) as a marker for alveolar macrophages.

Paraffin sections of the lung were incubated with
biotinylated antimouse antibody (diluted 1 : 200) and the
avidin biotin-conjugated peroxidase complex (VectorLab.
Inc., USA). The reaction was developed with 0.05%
diaminobenzidine (DakopattsGlostrup, Denmark) as
the substrate for peroxidase; finally, the slides were
counterstained with Meyer’s hematoxylin)®. The
cytoplasmic site of the reaction stained brown whereas the
nuclei appeared blue. The specificity of the immunereaction
was tested by replacing the primary antiserum with
phosphate-buffered saline as a negative control*?.

Electron microscope study

Specimens for electron microscopy were immediately
fixed in 2.5% phosphate-buffered glutaraldehyde (pH
7.4), post fixed in 1% osmium tetroxide in the same
buffer at 4°C,dehydrated and embedded in epoxy resin.
Ultrathin sections were obtained (Leica ultracut UCT),
stained with uranyl acetate and lead citrate!*”, examined
and photographed using (JEOL JEM 2100 transmission
electron microscope; Jeol Ltd, Tokyo, Japan) at Electron
Microscope Research Laboratory (EMRL) of Faculty of
Agricultural El Mansoura University, Egypt.

Morphomertic study:

Serial sections with H&E and immunohistochemical
staining were morphometrically analyzed at department of
Histology, Faculty of medicine- Zagazig University, using
Fiji image J(1.51n, NIH, USA) program for measurement
thickness of inter-alveolar septa and optical density of both
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caspase-3 and CD-68 immune reactions.
Statistical analysis:

The obtained data from morphometrical analysis (
thickness of interalveolar septa and optical density of
immunohistochemical-stained sections,) were expressed
as mean £ SD (standard deviation) and subjected to one-
way analysis of variance (ANOVA) using Statistical
Package for the Social Sciences (SPSS) version 16.0
(Chicago,USA).

ANOVA was used for comparison between different
groups (more than two groups), with P value less than
0.05 (the level of significance). Least significant difference
(LSD) was used to find the statistical difference between
the groups when ANOVA was statistically significant
(P value <0.05).

RESULTS

Histopathological results:
(1) Light microscope results:

Examination of the H&E-stained sections of the control
group revealed normal histological structure of the lung.
Rounded or polygonal alveoli and alveolar sacs separated
with thin interalveolar septa. Alveoli were lined by type
I pnemocytes with flat nuclei and type II pneumocytes
with rounded nuclei. Apparent small bronchiole and thin
walled blood vessel were also seen Terminal bronchioles
were lined by simple cuboidal ciliated epithelium with
underlying few layers of smooth muscles and thin walled
blood vessels were also demonstrated (Figure 3 A-C).
Immunohistochemical-stained sections of caspase-3
showed weak positive cytoplasmic immunoreaction in few
alveolarepithelial cells (Figure 3D) .Immunohistochemical-
stained sections of CD-68 showed few cells with weak
positive cytoplasmic immunoreaction in cells of inter
alveolar septa (Figure 3E).

Examination of the Ag-Nps injected group showed
marked histological changes; most of alveoli were collapsed
with marked thickening of their inter-alveolar septa,
others showed ballooned distension. Extensive cellular
infiltration was detected peri-bronchiolar, around thickened
blood vessel and in the interstitium. Exudation in the
interstisium was observed. Terminal bronchioles exhibited
vacuolated epithelium, detached cells in their lumina
and were surrounded by cellular infiltration. Thickened
wall blood vessels were surrounded by a heavily cellular
infiltration (Figure 4 A—C). Immunohistochemical-stained
sections of caspase-3 showed strong positive cytoplasmic
immunoreaction in many alveolar epithelial cells those of
inter alveolar septa (Figure 4D) .Immunohistochemical-
stained sections of CD-68 showed many cells with strong
positive cytoplasmic immunoreaction in between alveolar

cells and inter alveolar septa (Figure 4E).

The specimens of H&E-stained sections of the Ag-
Nps recovery group revealed slight improvement. They
revealed focal areas of collapsed alveoli separated by
thick inter-alveolar septa and others were patent with
thin inter-alveolar septa. Bronchioles appeared with
detached epithelial cells. Also, thick wall blood vessels
were clarified. Cellular infiltrations around both blood
vessels and bronchioles were still observed (Figure 5A).
Immunohistochemical-stained sections revealed moderate
positive caspase-3 cytoplasmic immunoreaction in some
alveolar epithelium and cells of inter alveolar septa
(Figure 5 B) and moderate positive CD-68 cytoplasmic
immunoreaction in cells of the inter-alveolar septa and in-
between alveolar cells (Figure 5 C).

On the other hand, examination of the TiO2-Nps
injected group showed moderate focal histological changes
when compared with control one. H&E-stained sections
revealed most of alveoli were apparently normal with
thin septa and few areas with thick septa were detected.
Areas of extravasation were detected in the interstitium
Mild cellular infiltrations were observed around both
blood vessels and bronchioles .Bronchioles lined with
simple cuboidal epithelium with no detachment. (Figure
6A&B). Immunohistochemical stained sections revealed
mild positive cytoplasmic immunoreaction for caspase-3
in some alveolar cells and interstitial cells (Figure 6C)
and Mild positive cytoplasmic immunoreaction for CD-68
in some alveolar cells and in cells of inter alveolar septa
(Figure 6D).

Examination of the TiO2-Nps recovery group showed
apparently normal histological architecture. H&E-stained
sections revealed that most of alveoli were normal with
thin inter-alveolar septa. Minimal cellular infiltration
around blood vessels and bronchioles was demonstrated
(Figure 7A). Immunohistochemical-stained sections
revealed minimal positive cytoplasmic immunoreaction
for caspase-3 in few alveolar epithelial cells and in few
cells of interstitium (Figure 7B) and minimal positive
cytoplasmic immunoreaction for CD-68 in few alveolar
epithelial cells and in few cells of inter alveolar septa were
seen (Figure 7C).

(2) Electron microscope results

Ultrathin sections of the control group revealed
Alveoli lined by pneumocytes type I with flat nucleus
with attenuated cytoplasm and pneumocytes type Il with
lamellar bodies were seen. Thin inter-alveolar septum
containing interstitial cells was detected .pneumocytes type
II appeared with euchromatic nuclei, numerous membrane
bounded lamellar bodies in their cytoplasm and obvious
microvilli on their surfaces (Figure 8A & B). The blood air
barrier with attenuated cytoplasm of type I pneumocytes,
fused basal lamina and the cytoplasm of the capillary
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endothelial cells were clarified (Figure 8C).

Examination of the ultrathin sections of the Ag-Nps
injected group revealed multiple pneumocytes type II
with irregular and heterochromatic nuclei. Most of their
lamellar bodies appeared distorted and irregular variable
sized vacuoles were also seen. Thick interstitium appeared
with different inflammatory cells, one of them has large
kidney shaped nucleus, another with large nucleus
surrounded by thin rim of cytoplasm. Cells with lobulated
nuclei within blood capillary were also noticed (Figure 9
A&B). Deformed blood air barrier was formed of irregular
cytoplasm of pneumocytes type I, fused basal lamina of
pneumocte type I and endothelial cell and cytoplasm of the
capillary endothelial cell (Figure 9 C).

Ultrastructural examination of the lung of the Ag-Nps
recovery group revealed some improvement. Thick septa
containing few interstisial cells and blood capillaries.
Pneumocyte type II appeared with heterochromatic
nucleus and distorted lamellar bodies. Microvilli appeared
on its surfaces (Figure A&B). Blood air barrier with some
irregularity of cytoplasm of type I pneumocytes, fused
basal lamina and the cytoplasm of the capillary endothelial
cells were clarified (Figure 10 C).

On the other hand, examination of the ultrathin sections
of the TiO2-Nps injected group showed moderate changes
when compared with control one. The sections showed

Pneumocyte type II appeared with empty lamellar bodies
and microvilli on its surface. Intra-alveolar extravasation
of red blood cells was seen (Figure 11 A). nearly normal
blood air barrier was observed formed of attenuated
cytoplasm of type I pneumocyte, fused basal lamina of
both cells and cytoplasm of endothelial cell of alveolar
capillaries (Figure 11 B).

Examination of the ultrathin sections of the TiO2-
Nps recovery group showed nearly normal structures.
Apparently normal patent alveoli with relatively thin
inter-alveolar septa containing interstitial cells and blood
capillaries. Pneumocyte type Il appeared with euchromatic
nucleus, prominent nucleolus, lamellar bodies and
microvilli on its surface (Figure 12 A&B). A nearly normal
blood air barrier was observed with type I pneumocyte
attenuated cytoplasm, fused basal lamina of both cells
(type I & endothelium) and cytoplasm of endothelial cell of
alveolar capillaries. Also, type I pneumocyte was observed
with euchromatic nucleus (Figure 12 C).

Morphometric results:

Our Statistical analysis of the mean values of thickness
of the inter-alveolar septa, optical density of caspase-3
immunoreactionand and optical density of CD-68
immunoreaction using ANOVA test were summarized in
Tables 1, 2 &3. Comparisons between all studied groups
using LSD statistically were summarized in Tables 4, 5&6.

Table 1: Thickness of the interalveolar septa (um) in different groups by one-way ANOVA test:

Silver injected

Silver recovery Titanium injected Titanium recovery

Parameter Control Subgroup Ila Subgroup IIb  Subgroup Illa Subgroup II1b F P
Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD

Thickness of

the interalveolar 5.07+1.4 26.4+8.12 20.23+6 15.9243.2 7.6+1.1 40.76  <0.001%**

septum (pm)

Values are expressed as mean + standard deviation (SD); the ranges are demonstrated; **: highly significant difference P value (P<0.001).

Table 2: Optical density to caspase-3 immuno-reaction in different groups by one-way ANOVA test:

Silver injected

Silver recovery Titanium injected Titanium recovery

Parameter Control Subgroup Ila Subgroup IIb  Subgroup Illa Subgroup II1b F P
Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD

Optical density of

immune reaction 1.11+0.33 9.1£1.6 7.45+1.3 6.954+0.99 1.49+0.46 1542  <0.001**

to caspase-3

Values are expressed as mean + standard deviation (SD); the ranges are demonstrated; **: highly significant difference P value (P<0.001).

Table 3: Optical density to CD-68 immuno-reaction in different groups by one-way ANOVA test:

Silver injected

Silver recovery Titanium injected Titanium recovery

Parameter Control Subgroup Ila Subgroup IIb Subgroup Illa Subgroup II1b F P
Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD

Optical density of

immune reaction 1.2+0.4 8.08+1.98 6.8+1.6 5.9+1.4 1.77+0.36 36.35 <0.001**

to CD-68

Values are expressed as mean + standard deviation (SD); the ranges are demonstrated; **: highly significant difference P value (P<0.001).
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Table 4: The least significant difference of thickness of the interalveolar septum (um) between all studied groups:

Control Silver injected Silver recovery Titanium injected Titanium recovery
Subgroup Ila Subgroup IIb Subgroup Illa Subgroup I11b
Control <0.001** <0.001** <0.001** 0.764 ns
Silver injected <0.001%* 0.0464* <0.001%* <0.001%*
Subgroup Ila
Silver recovery <0.001%* 0.0464* 0.28 ns <0.001%*
Subgroup IIb
Titanium injected <0.001%* <0.001%* 0.28 ns 0.003*
Subgroup Illa
Titanium __recovery 0.764 ns <0.001%* <0.001%* 0.003*
Subgroup I11b
**: highly significant
* : Significant
ns: Nonsignificant
Table 5: The least significant difference of optical density of immune reaction to caspase-3 between all studied groups:
Control Silver injected Silver recovery Titanium injected Titanium recovery
Subgroup Ila Subgroup IIb Subgroup Illa Subgroup I11b
Control <0.001** <0.001** <0.001** 0.919ns
Silver injected <0.001%* 0.006* <0.001%* <0.001%*
Subgroup Ila
Silver recovery <0.001%* 0.006* 0.809 ns <0.001%*
Subgroup IIb
Titanium injected <0.001%* <0.001%* 0.809 ns <0.001%*
Subgroup I1la
Titanium __recovery 0.919 ns <0.001%* <0.001%* <0.001%*
Subgroup I11b
**: highly significant
* : Significant
ns: Nonsignificant
Table 6: The least significant difference of optical density of immune reaction to CD-68 between groups:
Control Silver injected Silver recovery Titanium injected Titanium recovery
Subgroup Ila Subgroup 1Ib Subgroup Illa Subgroup I11b
Control <0.001** <0.001** <0.001** 0.7853 ns
Silver injected <0.001%* 0.0119* <0.001%* <0.001%*
Subgroup Ila
Silver recovery <0.001%* 0.0119* 0.5495 ns <0.001%*
Subgroup IIb
Titanium injected <0.001%* <0.001%* 0.5495 ns <0.001%*
Subgroup I1la
Titanium _ recovery 0.7853 ns <0.001%* <0.001%* <0.001%*
Subgroup I11b

**: highly significant
* : Significant
ns: Nonsignificant
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Fig. 1: An electron micrograph showing average diameters of Fig. 2: An electron micrograph showing average diameters of
Ag-Nps used in the present study. TiO2-Nps used in the present study.
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Fig. 3: A photomicrograph of sections in the lung from control group. A) General architecture of the lung; rounded or polygonal alveoli (a),
alveolar sacs (S) and thin inter-alveolar septa (arrow).Apparent small bronchiole (B) and thin walled blood vessel (BV) are also seen (H&E,
100x, scale bar 50 um). B) Alveolar sacs (S) and alveoli (a) with thin inter-alveolar septa (arrow). Their lining epithelium is composed of
pneumocytes type I with flat nuclei (zigzag arrow) and pneumocytes type II with rounded nuclei (curved arrow) (H&E, x400, scale bar
40um).C) A terminal bronchiole (B)lined by simple cuboidal ciliated epithelium (double arrows) and surrounded by few layers of smooth
muscles (bifid arrow) are seen (H&E, x400, scale bar 40pum).D) Weak positive cytoplasmic immunoreaction for caspase-3 in few alveolar
epithelial cells (arrow) (Immune-staining for caspase-3 x400, Scale bar 40pm). E) Weak positive cytoplasmic immunoreaction for CD-68 in
few cells of inter-alveolar septa (arrow) (CD-68 immune-staining x400, Scale bar 40pm).
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Fig. 4: A photomicrograph of sections in the lung from Ag-Nps injected group. A) Collapsed alveoli (square) and thickening of inter-alveolar
septa (arrow). Ballooned distension in other alveoli (ellipsoid) is noticed. Extensive cellular infiltration (IF) is detected peri-bronchiolar (B),
around thickened blood vessel (BV) and in the interstitium. Exudation in the interstisium (bifid arrow) is observed (H&E, x100, scale bar 50
um). B) A terminal bronchiole (B), with vacuolated epithelium (double arrow) with underlaying muscle layer (bifid arrow) and surrounded
by cellular infiltration (IF). Intrabronchial detached epithelial cells (arrow head) are also noticed. (H&E, x400, scale bar 40um). C) A higher
magnification of fig. (A) Showing thickened wall blood vessel (BV) surrounded by cellular infiltration (IF). (H&E, x400, scale bar 40pum) D)
Strong positive caspase-3 cytoplasmic immunoreaction in many alveolar epithelial cells and those of inter alveolar septa (arrow) (Immune-
staining for caspase-3 x400, Scale bar 40um).E) strong positive CD-68 cytoplasmic immunoreaction in many cells between alveolar cells and
inter alveolar septa (arrow) (CD-68 immune-staining X400, Scale bar 40um).
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Fig. 5: A photomicrograph of sections in the lung from Ag-Nps recovery group. A) Focal areas of collapsed alveoli separated by thick inter-
alveolar septa (square) and others are patent with thin inter-alveolar septa (circle). Bronchiole (B) with detached epithelial cells (double
arrow), and smooth muscle layer (bifid arrow) is observed. Cellular infiltration (IF) is found mainly around the bronchiole (B) and around
thickened wall blood vessel (BV) (H&E, 100x, scale bar 50 um). B) Moderate positive caspase-3 cytoplasmic immunoreaction in some
alveolar epithelium and cells of inter alveolar septa (arrow) (Immune-staining for caspase-3 x400, Scale bar 40pum). C) Moderate positive
CD-68cytoplasmicimmunoreaction in cells of the inter-alveolar septa and in-between alveolar cells (arrow). (CD-68 immune-staining %400,
Scale bar 40um).

-

normal with thin septa (circle) and few areas with thick septa (square) are detected. Mild cellular infiltration (IF) is seen mainly around blood
vessel (BV) and bronchiole (B) (H&E, x100, scale bar 50 pm). B) Areas of interstitial extravasation (EV). A terminal bronchiole (B) appears
lined with simple cuboidal epithelium with no detachment (double arrows) and surrounded by cellular infiltration (IF) (H&E, x400, scale bar
40um). C) Mild positive cytoplasmic immunoreaction for caspase-3 in some alveolar cells and interstitial cells (arrow) (Immune-staining for
caspase3 x400, Scale bar 40pm).D) Mild positive cytoplasmic immunoreaction for CD-68in some alveolar cells and in cells of inter alveolar
septa (arrow) (CD-68 immune-staining %400, Scale bar 40um).
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Fig. 7: A photomicrograph of sections in the lung fromTiO2-Nps recovery group. A) Most of alveoli are normal with thin inter-alveolar septa
(circle). Minimal cellular infiltration (IF) is seen around Blood vessel (BV) and bronchiole (B) (H&E, x100, scale bar 50 um). B) Minimal
positive cytoplasmic immunoreaction for caspase-3 in few alveolar epithelial cells and in few cells of interstitium (arrows) (Immune-staining
for caspase-3 %400, Scale bar 40um) C) Minimal positive cytoplasmic immunoreaction for CD-68 in few alveolar epithelial cells and in few
cells of inter alveolar septa (arrow) (CD-68 immune-staining X400, Scale bar 40pm).

Fig. 8: An electron micrograph of sections in the lung from the control group. A) Alveoli (a) lined by pneumocytes type I with flat nucleus (N)
with attenuated cytoplasm (thin arrow) and pneumocytes type Il with lamellar bodies (bifid arrow). Thin inter-alveolar septum (S) containing
interstitial cells (IC). (TEM X 3500). B) pneumocytes type I with euchromatic nucleus (N) and prominent nucleolus (n), well defined lamel-
lar bodies (arrow). Microvilli (curved arrow) appear on its surface. (TEM X 10000). C) Blood-air barrier formed of attenuated cytoplasm
of pneumocytes type I (arrow), fused basal lamina of pneumocyte type I and endothelial cell (arrow head) and cytoplasm of endothelial cell
(bifid arrow) of alveolar capillary that contained red blood cells (R). (TEM X 15000).
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Fig. 9: An electron micrograph of sections in the lung from the Ag-Nps injected group. A) Multiple pneumocyte type II with irregular
heterochromatic nuclei (N), distorted lamellar bodies (arrow) and variable sized cytoplasmic vacuoles (square), and their microvilli (curved
arrow) are seen on its surface. (TEM X 13000). B) Interstitium with different inflammatory cells; one of them has large kidney shaped nucleus
(thin arrow), another with large euchromatic nucleus surrounded by thin rim of cytoplasm (bifid arrow). Cell with a lobulated nucleus within
a blood capillary (thick arrow) and distorted pneumocyte type II (P2) are found. (TEM X 6000). C) Deformed blood air barrier, where cell
membrane of pneumocytes type I (thick arrows) has irregularities, fused basal lamina of pneumocyte type I and endothelial cell (arrow head)
and cytoplasm of endothelial cell (thin arrow) of alveolar capillary that contained red blood cells (R) are seen. (TEM X 17500).
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Fig. 10: An electron micrograph of sections in the from the Ag-Nps recovery group. A) Thick septa (S) containing interstisial cells (IC) and
blood capillaries (C). Pneumocyte type II (P2) with heterochromatic nucleus (N) and exhibited loss of demarcation between nucleus and
cytoplasm. Distorted lamellar bodies (arrow). (TEM X 4500). B) pneumocytes type II with heterochromatic nucleus (N) and some distorted
lamellar bodies (arrow). Microvilli (curved arrow) appear on its surfaces. (TEM X 9000). C) Blood air barrier, where cell membrane of
pneumocytes type I (thick arrow) has some irregularities, fused basal lamina of pneumocyte type I and endothelial cell (arrow head) and
cytoplasm of endothelial cell (bifid arrow) of alveolar capillary that contained red blood cells (R).(TEM X 17500).
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Fig. 11: An electron micrograph of sections in the lung from the TiO2-Nps injected group. A) apneumocyte type II with empty lamellar bodies
(arrow) and microvilli (curved arrow) on its surface are seen . Intra-alveolar extravasation of red blood cells (R) is seen. (TEM X 12000). B)
A nearly normal blood air barrier formed of type I pneumocyte attenuated cytoplasm (arrow), fused basal lamina (arrow head) of both cells
(type I & endothelium) and cytoplasm of the alveolar capillary (bifid arrow) that contain red blood cells (R). (TEM X 17500).

Fig. 12: An electron micrograph of sections in the lung from the TiO2-Nps recovery group. A&B) Patent alveoli (a). Inter-alveolar septa
(S) containing interstitial cells (IC) and blood capillaries (C) are detected. Pneumocyte type II (P2) appeared with euchromatic nucleus (N)
and prominent nucleolus (n). Also, lamellar bodies (arrow) and microvilli (curved arrow) detected on its surface. (TEM X 4500) & (TEM X
11000) respectively. C) A nearly normal blood air barrier formed of type I pneumocyte attenuated cytoplasm (arrow), fused basal lamina of
pneumocyte type I and endothelial cell (arrow head) and cytoplasm of the capillary endothelial cell (bifid arrow) that contain red blood cell
(R). Euchromatic nucleus of pneumocyte type I (N) is seen. (TEM X 20000).
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DISCUSSION

The emerging field of nano technology makes a new
hope in treatment of cancer cells, industry and cosmetics
production as nanoparticles have many advantages such as
longer shelf-stability, high carrier capacity, and ability to
incorporate hydrophilic and hydrophobic drug molecules
increase the bioavailability of drugs. These drugs are
targeted delivery at cellular and nuclear level!.

Meanwhile, unfortunately possible undesirable results
and harmful interactions with biological systems and the
environment may occur, with the potential to generate
toxicityt!.

Silver (Ag) and titanium dioxide (TiO2) nanoparticles
are well-known nanoproducts. Both have common
manufacturing applications such as in cosmetics, water
filters, air conditioning filters and food industry. Medically
they are both used as antifungal, antimicrobial and in
treatment of cancer!').

Many in vivo studies showed that nanoparticles can
be accumulated in the liver, kidney, spleen, lung, heart
and brain, whereby generating various inflammatory
responses*?l.

So, the present study was conducted to compare
between the effect of silver nanoparticles and titanium
dioxide nanoparticles on the lung and which one of them
is safer.

In our work lung of Ag-Nps injected group was severely
affected. H&E stained sections showed many collapsed
alveoli with thick inter alveolar septa, other alveoli showed
ballooned distension. Previous authors mentioned similar
results in silver nanoparticles treated lungt**+4.

Alveolar collapse were supposed to be due to
degeneration of type II pneumocytes which affect
surfactant secretion leading to airway collapse and
chronic obstructive pulmonary disease (COPD).This was
documented previously regarding the pathogesis of such
diseaset*’!.

In this study we detect ballooned distension in the
alveoli, which may be a compensatory pulmonary
emphysema triggered by Nps activation of macrophages,
up-regulations of inflammatory cytokines that resulted in
disruption of alveolar septa, alveolar epithelial injury. This
was stated withprevious researchl*l,

On the other hand, light microscopic examination of
TiO2-Nps injected rats showed moderate histological
changes in the lung tissue compared to Ag-Nps injected
group. Some alveoli were collapsed their interalveolar
septa were thickened.

Previous researchers’*"! found similar changes in
lung tissues in their studies and attributed these changes
to free radicals produced by TiO2-Nps, which exert a
strong oxidizing abilityand produce epithelial injury and
oxidative stress in rodents.

In agreement with previous authors?®?, thickened vessel
wall with marked cellular infiltration were observed in the
Ag-Nps injected lung. They proved that Ag-Nps induced
pulmonary neutrophilic inflammation with the production
of proinflammatory and pro-neutrophilic cytokines.

Lung sections of Ag-Nps group revealed marked
cellular infiltration around bronchioles, blood vessels
and in interstitium. On the other hand moderate cellular
infiltrations were observed in TiO2-Nps injected group
peri-bronchiolar and around blood vessels. Extravasation
was also detected.

This observation was in agreement with previous
researchers®**4 who clarified that nanoparticles after
entry into cells, lead to initiate inflammatory mechanisms,
apoptosis and generate the oxygen free radicals which
alter the functions of cells and affect oxidative metabolism
of alveolar macrophages. Previous study®®, stated that
the inflammatory cellular influx is recruited from the
circulation when local defenses are overwhelmed by
injurious or toxic substances.

Macrophages play a critical role in clearance of both
Ag-Nps and TiO2-Nps fromthe lung. Our data indicate
increase macrophages in Ag-Nps injected group more than
Ti02-Nps. These results were in accordance with previous
researchesP>%. These results confirmed statistically by a
significant increase of the mean optical density of CD-68
in lung in comparison to the control group and TiO2-Nps
injected group. It could be explained as a compensatory
mechanism, as aside from responding to foreign particles
(Nps) stimuli. As, alveolar macrophages are also involved
in maintaining normal lung function®’..

Cellular infiltrations and extravasation were
documented with other researchers®®? who explained
that nanoparticles may affect permeability of the cell
membranes and the endothelial lining of blood vessels
leading to sequestration of inflammatory cells and red
blood cells.

The key molecule vascular endothelium cadherin (VE-
cadherin) maintains endothelial cell-cell integrity. It was
reported that the VE-cadherin was lost when endothelial
cells were exposed with nanoparticles due to the direct
combination of nanomaterials to VE-cadherin!®!. Through
this mechanism, both Ag-Nps and TiO2-Nps leaking out
of vessels through the membrane damage would attract
immune cells in the peripheral tissue, causing inflammatory
reactions.
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Another supposed mechanism is, Ag-Nps entering into
the peripheral tissue can dissolve Ag ions, that resulting
local high concentration of Ag ions that induce the
oxidative damage on the membrane of cells, which induced
inflammatory infiltration around the vessels+3.

In addition TiO2-Nps injected group showed blood
vessels injuries and hemorrhage that appeared in alveoli
wall and alveolar space. Previous researches!!®! supposed
that ROS could attach to the endothelial cells of vessel
wall causing their damage and increase blood air barrier
permeability, lead to extravasation into the septa.

Lung of Ag-Nps exposed rats exhibited vacuolation in
epithelial cells of their bronchioles. These findings were in
accordance with previous researchers!® who also observed
vacuoles in the cytoplasm of Human Small Airway
Epithelial Cells (SAEC).Other authors7*%¢! observed
diffused vacuolated hepoatocytes after silver and gold
Nps exposure. They attributed this vacuolation to cellular
necrosis that caused impaired transport membrane activity,
influx of sodium and water into the cell with resultant
swelling of cells and organelles.

Ag-Nps have shown to be effective in triggering
the activation of Caspase-3 molecules resulting in the
mediation and amplification of the death signal. Therefore,
we examined the activities of caspase-3 as a marker of
apoptosis!’0&71,

Extensive increase of caspase-3 activity after exposure
to Ag-Nps was found in our study. These findings were
confirmed statistically by a significant increase of the
mean optical density of caspase-3 in lung in comparison to
the control group. And a significant increase of the mean
optical density of caspase-3 in lung of Ag-Nps injected
group in comparison to TiO2-Nps injected group. In regard
to apoptotic cell death.

Reactive oxygen species (ROS) generation and
oxidative stress appear to be likely the mechanism of both
Ag-Nps and TiO2-Nps toxicity!>74.

Hoet et al’ claimed that regression of antioxidant
defense responses and/or generation of free radicals due
to oxidative stress may result after exposure to different
Nps. Pulmonary response to oxidative stress generated
by both Ag-Nps and TiO2-Nps is due to either the direct
effect of the particles themselves or an indirect effect of the
inflammatory reaction’s""),

Ultrastructural examination of the lung of Ag-Nps
exposed rats revealed pneumocytes type II with irregular
heterochromatic nuclei and vacuolated cytoplasm with
empty or irregular lamellar bodies. Vacuolated cytoplasm
was also detected previously in hepatic cells of both rats
and micel’s7,

Previous authors®” attributed this vacuolation to the
effects of excessive free radicals on the cell membrane
that facilitate the release of lysosomal enzymes into the
cytosol causing cellular fragmentation and vacuolations.
Also increased osmotic fragility and inactivation of
membrane bound enzymes such as ATPase that leads to
swelling of cytoplasmic membranous components caused
by intracellular water and electrolytes redistribution.
In accordance to previous authorst®!, the empty lamellar
bodies caused by lipid peroxidation of membrane
phospholipids with an impairment of surfactant secretion
and turnover.

Whereas, ultra-structural examination of TiO2-Nps
group revealed pneumocyte type II with empty lamellar
bodies and microvilli on its surface. Multiple red blood
cells are detected in the alveolar space; these results were
in agreement with other researchers>.

After 4 weeks without any treatment to both (Ag-
Nps and TiO2-Nps) injected groups; different degrees of
improvement in the histological structure of the lung has
been observed.

Recovery group of Ag-Nps showed slight improvement
in some sections. They revealed focal areas of collapsed
alveoli separated by thick inter-alveolar septa and other
were patent with thin inter-alveolar septa. Bronchiole
appeared with detached epithelium. Also, thickened wall
blood vessels were clarified with cellular infiltrations
around both blood vessels and bronchiole.

These results also confirmed by previous authors?®* who
detect Ag-Nps concentrations in the treated group were
not completely cleared from lung samples after 12-week
recovery period, although these Ag-Nps concentrations
cleared gradually from the lung tissue.

Recovery group of TiO2-Nps showed marked
improvementor apparently normal histological architecture.
They revealed that most of alveoli were normal with thin
inter-alveolar septa. Minimal cellular infiltration around
blood vessel and bronchiole were detected. Previous
authors™! detected the same finding.

Our previous results lead us to conclude that TiO2-
Nps more save than Ag-Nps. Similar to Asare et a/l*
who stated that Ag-Nps are more cytotoxic compared
to TiO2-Nps, causing apoptosis, necrosis and decreased
proliferation in a concentration- and time-dependent
manner.

These findings of recovery groups were confirmed
statistically by a significant increase in the thickness
of inter alveolar septa and the mean optical density of
caspase-3 and CD-68 in lung of Ag-Nps recovery group in
comparison to the TiO2-Nps recovery group.
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In conclusion, exposure to Ag-Nps for a long time
showed marked alterations on histological structure of
lung tissue, which was more injurious than TiO2-Nps.In
addition, recovery period was proved to ameliorate these
changes better in TiO2-Nps.

Therefore, manufacturers should be aware that there
may be additional safety considerations for Ag-Nps
containing products to decrease exposure to it.

So, we recommend using TiO2-Nps in cosmetics and
industrial substances. Finally, further in vivo experimental
and clinical research regarding comparison between the
effect of TiO2-Nps and Ag-Nps is also recommended
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