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Abstract: Background: Silver nanoparticles (Ag-NPs) arenanomaterials that become used widely in several 
applications and products. Objective: The current work aimed at studying the Ag-NPs effects on the lung tissues of 
adult male albino rats and to evaluate the potential ameliorating role of human umbilical cord mesenchymal stem 
cells (HUCMSCs) through biochemical, histopathological, immunhistochemical and ultra-structural lung tissues 
examinations. Material and methods: thirty adult male albino rats were divided into control groups (I), Ag-NPs 
group (II), received (300mg/kg) of Ag-NPs orally by gavage and Ag-NPs+ HUCMSCs (III), received Ag-NPs as 
group II and (0.5 × 106)/80 μl PBS of HUCMSCs by intravenous injection in rat tail vein for the two successive days 
after 4 weeks of AG-NPs administration. Lung tissues samples were examined for Nitric oxide (NO), 
Myeloperoxidase (MPO) activities and reduced glutathione (GSH) content. Moreover the histopathological, ultra-
structural and immunehistochemical examinations were performed. Results: Ag-NPs induced oxidative stress by 
increased NO, MPO activities, inducible nitric oxide synthase (iNOS) expressing cells and decreased GSH contents 
in lung tissues. In additionally, Ag-NPs caused histopathological and ultra-structural alterations. HUCMSCs restored 
most of histological and ultra-structural architecture. Furthermore, reduced NO, MPO activities, iNOS expressing 
cells and increased GSH contents of lung tissues. Conclusion: HUCMSCs have a potential promising role in 
improving oxidative stress caused lung injury induced by Ag-NPs in adult male rats. 
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1. Introduction 

Nanotechnology was included in different areas 
as biotechnology, molecular and cellular biology, 
reproduction, drug delivery and pathogen detection. 
Silver Nan particles (Ag-NPs) are from the 
commonest used various nanoparticles due to its 
antibacterial, antiviral and antifungal activities (Reidy 
et al., 2013). 

Silver Nanoparticles used in multiple 
applications as food, clothing, cosmetics, electronics 
and medical devices (Wijnhoven et al., 2009). It was 
observed that nanomaterials produced cytotoxicity 
despite of their effectiveness in industry, based on 
different factors as particle size, surface chemistry and 
morphology (Iavicoli et al., 2013). Nanomaterials 
induced toxicity either by disrupting mitochondrial 
function producing oxidative stress or by apoptosis 
resulting in membrane damage (BraydichStolle et al., 
2005). 

The small size and surface area of Ag-NPs allow 
them to pass through cell membranes and biological 
barriers causing cellular dysfunction (Xiaet al., 2008). 
Synthesis of Ag-NPs generally involves the use of 
surface coatings agents to protect silver ions from 

oxidation and dissolution of agglomeration of 
particles, Polyvinylpyrrolidone (PVP) is commonly-
used coating agent imparting negative charge (Seiffert 
et al., 2015). Several studies reported pulmonary toxic 
effects of Ag-NPs by tracheal instillation (Seiffert et 
al., 2015; Wiemann et al., 2017). 

Stem cells are undifferentiated cells, with 
capability for clonality, self-renewal, and the potential 
to differentiate into different types of cells and tissue 
(Kolios and Moodley, 2013). Mesenchymal stem cells 
(MSCs) therapy has been demonstrated recently in 
many diseases, reporting its effectiveness. Previous 
studies focused on the paracrine properties of MSCs in 
limiting acute lunginjury and enhancing lung repair 
(Krause et al., 2001; Lee et al., 2009). 

In the current study, we wanted to evaluate the 
role of HUCMSCs in Ag-NPs induced sub chronic 
lung toxicity in adult rats by investigating oxidative 
stress products, light and electron histopathological 
and immunohistochemical alterations in lung tissues 
of adult rats. 
 
2. Material and Methods  
Chemicals 
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Silver nanoparticles (Ag-NPs) were purchased 
from (Sigma -aldrichchemical Company, St. Louis, 
MO, USA) as brown odorless fine nano- powder 
dissolved in polyvinyl pyrrolidine (PVP) as dispersant 
with particle size <100 nm and purity ≥99.5% trace 
metals basis. The CAS No is 7440-22-4. Distilled 
water was used as a solvent. 

The chemicals and reagents used were of 
analytical grade as Nitric Oxide Assay Kit 
(Colorimetric, ab65328) used for measurement of 
Nitric oxide (NO) levels was purchased from (Abcam 
Company, Cairo, Egypt). Myeloperoxidase (MPO) 
activity assay by (Fluorometric Assay Kit) obtained 
from (SigmaChemical Company, St. Louis, MO, 
USA). Reduced glutathione (GSH) was assayed by 
Biocon Diagnostik kit (GmbH, Vohl-Marienhagen, 
Germany). 
Animals 

Thirty adult male albino rats were obtained from 
Animal House of Faculty of Medicine, Zagazig 
University with an average body weight of 160-200gm 
and average age 8-10 weeks. The rats were housed in 
plastic cages with stainless steel wire-bar lid under 
standard conditions (temperature 23±2ºC, humidity 
50±5%, 12:12h light/dark cycle). The rats were left to 
adapt for 1 week before the experiment. All the ethical 
issues were considered based on the medical research 
ethics committee of faculty of medicine, Zagazig 
University, Egypt. 
Human umbilical cord Mesenchymal Stem Cells 
(HUCMSCs) 

Human umbilical cord blood was collected from 
full-termdelivery women at Gynaecology Department, 
Zagazig University Hospitals, Zagazig, Egypt. 
Experimental Design 

Animals were divided into Group I (Control 
groups): 18 rats equally divided into three subgroups, 
A: received no treatment, B: received once daily dose 
of 0.5 ml Distilled water (vehicle of Ag-NPs) by oral 
gavage. C: received 0.5 ml of phosphate buffer saline 
(PBS) (vehicle of MSCs) by intravenous injection into 
the tail vein. 

Group II (Ag-NPs received group): 6 rats 
received a daily dose (300mg/kg) of Ag-NPs (Kim et 
al., 2012) dissolved in 0.5 ml of distilled water 6 
day/week by oral gavage for 4 weeks.  

Group III (Ag-NPs +HUCMSCs): 6 rats received 
the same dose of Ag-NPs by the same route and for 
the same duration. After (4 weeks of AG-NPs 
administration), the rats received a dose of 0.5 × 106 of 
HUCMSCs suspended in 80 μlphosphate buffer saline 
(PBS) by intravenous injection in rat tail vein for the 
two successive days (Zhu et al., 2017). 

At the end of the experiment, the animals of all 
studied groups had been fasted over-night; each 
animal was anesthetized with ether. The animals were 

then euthanized by cervical dislocation and lungs were 
excised and multiple lung sections were dissected. 
Portion of each section subjected to histopathological 
and immunhistochemical staining, ultra-structural 
examination and oxidative products assessment.  
Human umbilical cord Mesenchymal Stem Cells 
isolation  

MSCs extraction was performed according to 
(Secunda et al., 2015) in Stem Cell Lab, Medical 
Biochemistry and Molecular Biology Department, 
Faculty of Medicine, Zagazig University, Egypt. 
Human umbilical cord blood was collected under strict 
aseptic conditions into blood collection bag containing 
citrate phosphate dextrose anticoagulant from full-
termdelivery women at Gynaecology Department, 
Zagazig University Hospital, Zagazig, Egypt, within 
formed consent.  

Human umbilical cord blood was diluted with 
1:3 of PBS buffer. Isolation of mononuclear cells 
(MNCs) was by addition of 20 ml of diluted blood into 
10 mL of Ficoll/Paque Lymphocyte Separation 
Medium (Lonza Bioproducts, Basel, Switzerland) in 
centrifuge tubes then, centrifuged atroom temperature 
for 20 min. The interphase MNCs layer collected after 
aspirating and discarding the supernatant. The cells we 
rewashed twice with PBS and centrifuged at room 
temperature. The cells were re-suspended in the 
isolation media and transferred to culture dishes. The 
isolation media was high glucose Dulbecco’s 
Modified Eagle’s Medium with glucose (4.5 g/L), L-
glutamine (Lonza Bioproducts, Basel, Switzerland) 
and 10% fetal bovine serum (FBS, Lonza Bioproducts, 
Basel, Switzerland) supplemented with 1% penicillin, 
streptomycine, Amphotericin B Mixture (10 IU/10 
IU/25 mg, 100 mL) Lonza Bioproducts, Basel, 
Switzerland). Cells were incubated at 37℃ in 5% 
humidified CO2 incubator (Heraeus, Langenselbold, 
Germany). Non-adherent cells were eliminated by a 
medium change every 2 days. The cells were grown 
for 2 weeks as a primary culture. When 80%–90% 
confluence was reached, adherent cells were detached 
by trypsinization with 0.25% trypsin/ethylene diamine 
tetra acetic acid (EDTA) (Trypsin 1:250, EDTA1 mM, 
Lonza Bioproducts, Belgium) and then were re-plated. 
The cultures were inspected daily for formation of 
adherent fusiform-shaped fibroblastoid cell. MSCs 
were labeled with a fluorescence marker using PKH26 
Fluorescent Cell Linker Kit (Sigma- Aldrich), then 
injected into the rats. 
Detection of stem cells homing in lung tissues 

Sections of lung tissue were examined using a 
fluorescent microscope (Olympus BX50F4, 
No.7M03285, Tokyo, Japan) to detect MSCs stained 
with PKH-26 in Medical Biochemistry and Molecular 
Biology Department, Faculty of Medicine, Zagazig 
University, Egypt. 
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Biochemical assay 
Multiple lung specimens were homogenized for 

detection of Nitric oxide (NO) and myeloperoxidase 
(MPO) activity that performed by spectrophotometry 
at 540 nm and 415 nm, respectively according to 
manufacturer’s instruction as evidence of oxidative 
stress.  

NO assay based on its rapid oxidation to nitrite 
and nitrate which are used to quantitate NO production 
(Kovács et al., 2015). MPO catalyzes the formation of 
reactive oxygen intermediates as hypochlorous acid 
from hydrogen peroxide (H2O2) and chloride anion 
(Aratani, 2018). The data were expressed as μmole 
NO/g and nmol MPO/min/mL protein. 

Reduced glutathione (GSH) content in lung 
tissues was assayed according to manufacturer’s 
instruction and to method described by (Ahmed et al., 
1991) and measured spectrophotometrically at 412 
nm. The data were expressed as nmol GSH/mg 
protein. 
Histopathological evaluation 
Light microscopic study 

Multiple lung sections were taken from each 
animal and fixed in 10% formalin and processed to 
prepare 5 μm thick paraffin, some of sections were 
stained for Haematoxylin and Eosin (H & E) stain for 
histopathological evaluation (Bancroft and Gamble, 
2008). Immunohistochemical staining was performed 
with anti-iNOS (Inducible nitric oxide synthase) 
(dilution 1: 50; Santa Cruz Biotechnology) using 
streptavidin–biotin immunoperoxidase technique 
(DakoCytomation, California, USA). Formalin-fixed, 
paraffin-embedded tissues were cut into (3- 4-μm) 
thick sections and transferred to 3- 
aminopropyltriethoxysilane (APTS) coated glass 
slides. The sections were subjected to dewaxing, 
rehydration, blocking with hydrogen peroxide, and 
antigen retrieval that was performed by heating 
specimens at 100°C for 20 min in citrate buffer 
(pH6.0) within microwave. One to two drops of the 
primary ready-to-use monoclonal antibody, anti-iNOS 
were then placed on the sections on separate slides. 
Slides were incubated at room temperature for 60 min. 
Incubation with secondary antibody and product 
visualization (Dako) was performed with DAB 
chromogen (3, 3-diaminoben 
zidinetetrahydrochloride). Sections were counter-
stained with hematoxylin, dehydrated with ethanol and 
xylene and mounted permanently with Din-butyl 
Phthalate in Xylene (DPX). 
Transmission electron microscopic (TEM) study 

Specimens were fixed in glutaraldehyde followed 
by fixation in osmium tetroxide. Then, they were 
dehydrated, embedded in resin. The ultrathin sections 
(Leica ultra-cut UCT) were stained with uranyl acetate 
and lead citrate (Ayache et al., 2010). Sections were 

examined and photographed by (JEOL JEM1010 
transmission electron microscope; Jeol Ltd., Tokyo, 
Japan) in the Regional Center of Mycology and 
Biotechnology (RCMB), Al- Azhar University, Egypt. 
Statistical analysis 

Results were expressed as mean ± standard 
deviation (SD). Multi-group comparisons of the means 
were carried out by one-way analysis of variance 
(ANOVA) test. Least significant difference (LSD) test 
was used to compare the difference between the 
experimental groups and the control group. Probability 
values less than or equal to 0.05 were considered 
statistically significant (Craparo, 2007). 
 
3. Results 
Fluorescent microscope results 

The lung tissues sections showed bright dots that 
represented the PKH-26 labeled cells. 

 

  
Figure 1: Lung tissue section of adult rats received 
HUCMSCs showed PKH-26 labeled cells (bright dots 
within the inter-alveolar septa (arrows). (Fluorescent 
Microscope, X 200). 
 
Biochemical assay results 

The mean values of NO, MPO activities and 
GSH content in multiple sections of lung tissues 
showed non-significant differences between vehicle 
control groups B and C as compared to negative 
control group A (P > 0.05). 

Ag-NPs received rats showed highly significant 
increase in NO and MPO activity in lung tissues 
sections and reduction of GSH content of tissues as 
compared to control groups (P< 0.0001). 

After two daily successive intravenous doses of 
MSCs in Ag-NPs +MSCs showed highly significant 
reduction of NO, MPO activities and increment of 
GSH content of lung tissues sections as compared to 
Ag-NPs received group (P< 0.0001), on the other 
hand, showed high significant differences as compared 
to control groups (P< 0.0001) (Table 1). 
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Table 1: Effects of HUCMSCs injection on biochemical analyses associated with Ag-NPs induced lung injury. 
Groups Control groups Mean± SD Ag-NPs group Mean± SD Ag-NPs +MSCs Mean± SD P value F test 
Parameter  A B C  

NO (μmole/g) 1.64±0.23 1.67±0.24 1.71±0.25 4.91± 0.53a 2.47±0.23b,c 0.0001 89.789 

MPO (nmol/min/mL) 2.07±0.29 2.04±0.35 2.17±0.31 6.48±0.68 a 2.98± 0.40b,c 0.0001 118.688 

GSH (nmol/mg) 29.07±0.67 29.13±0.95 29.03±0.70 7.95±1.03 a 20.33±3.78b,c 0.0001 151.344 

Values are expressed as means ±Standard Error (n=6), NO: Nitric oxide, MPO: Myeloperoxidase, GSH: Reduced glutathione,  
a: highly significant difference as compared to control group (P< 0.0001),  
b: highly significant difference as compared to Ag-NPs received group (P< 0.0001),  
c: highly significant difference as compared to control group (P< 0.0001). 
 
Histopathological results 
Light microscopic results 

Examination of H & E stained lung tissues 
sections of control groups B and C showed the same 
normal histological architecture as compared to 
negative control (group A) that showed rounded or 
polygonal alveoli and alveolar sacs. The inter-
capillaries were seen in the septa. Type I pneumocytes 
showed flat nuclei and type II pneumocytes showed 
rounded nuclei in the alveolar lining epithelium 
(Figure 2 A, B). 

In Ag-NPs group, the lung sections showed areas 
with numerous collapsed alveoli and others with 
slightly patent alveoli. Marked peri-bronchial 
mononuclear inflammatory cell aggregates and fatty 
cellular infiltration were be observed (Figure 3A), the 
inter-alveolar septa were thickened, the blood vessels 
were dilated, inflammatory cell aggregates were 
noticed and bundles of collagen fibers and exfoliated 
cells in the lumen were found (Figure 3B). The inter-
alveolar septa showed numerous blood capillaries and 
acidophilic materials deposit or exudates were also 
noticed (Figure 3C). Numerous fat cells with 
peripheral compressed nuclei and abundant bundles of 
collagen fibers were demonstrated (Figure 3D). 

With examination of the lung sections of Ag-
NPs+HUCMSCs group, there were some features of 
recovery in the form of apparently normal alveoli and 
their sacs with some collapsed alveoli. Some of the 
inter-alveolar septa were thick and other septa were 
thin. Little congested and dilated blood vessels were 
also observed (Figure 4A). Numerous thin inter-
alveolar septa with few thickened ones were seen. 
Types I and II pneumocytes with flat and rounded 
nuclei, respectively; were observed in the alveolar 
lining epithelium. However, hemorrhage was still 
found (Figure 4B). 

While with examination of immunhistochemial 
staining of lung sections for iNOS of control groups B 
and C showed the same immunoreaction as compared 
to negative control (group A) where the alveolar walls 
and sacs showed weak positive expressions of iNOS 
(Figure 5 A). In Ag-NPs group, the lung sections 
showed strong positive expressions of iNOS in the 
alveolar walls and sacs (Figure 5 B). However, in Ag-
NPs + HUCMSCs group, there were weak positive 
expressions of iNOS in the alveolar walls and sacs 
(Figure 5 C). 

 
Figure 2. Photomicrographs of lung sections of Control groups. A: Normal lung architecture with rounded or polygonal alveoli 
(A), alveolar sacs (As). Both inter-alveolar (arrows) and prominent intra-alveolar septa (arrow head) are thin. B: Alveolar sac 
(As) andalveoli (A) with blood capillaries (arrows) in their septa are seen. Types I pneumocytes (PI) with flat nuclei and 
pneumocytes II (PII) with rounded nuclei are seen in the alveolar lining epithelium. (H & E x100 A, x400 B). 
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Figure 3. Photomicrographs of lung sections of Ag-NPs group. A: areas of obvious collapsed alveoli (Ca) and other with slightly 
patent alveoli (A). Marked peri-bronchial mononuclear inflammatory cell aggregates (If) around bronchiole (B) and fatty cellular 
infiltration (Fi) can be observed. B: Collapsed alveoli (Ca), thickened inter-alveolar septa (two head arrows), dilated blood 
vessels (Bv), inflammatory cell aggregates (If) and bundles of collagen fibers (Co) and exfoliated cells in lumen (wavy arrows) 
are observed. C: Numerous collapsed alveoli (Ca) and thickening of multiple inter-alveolar septa (two head arrows) are 
observed. Numerous blood capillaries (wavy arrows) are observed in theses septa. Numerous thick intra-alveolar septa (arrow 
heads) and acidophilic materials or exudate (E) are also noticed. D: Numerous fat cells (F) with peripheral compressed nuclei 
(arrow heads) and abundant bundles of collagen fibers (Co) are demonstrated. (H & E x100 A; x400 B, C, D). 

 
Figure 4. Photomicrographs of lung sections of Ag-NPs + HUCMSCs group. A: apparently normal alveoli (A) with their sacs 
(As) and some areas of collapsed alveoli (Ca) are seen. The inter-alveolar septa become thin (thin arrow), some septa show 
thickness (thick arrow) and thick intra-alveolar septa (arrowhead) are seen. Still dilated and congested blood vessels (Bv) are 
observed. B: normal apparent alveoli (A) and alveolar sac (As) with some collapsed alveoli (Ca) can be seen. Few thickened 
(arrow) and numerous thin inter-alveolar septa (arrow heads) are seen. Hemorrhage (Hg) is still observed. Types I pneumocytes 
(PI) with flat and II (PII) with rounded nuclei are seen in the alveolar lining epithelium. (H & E x100 A, x400 B). 
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Figure 5. Photomicrographs of lung sections of different studied groups for iNOS immunereactivity. A: lung 
sections of control group show weak positive expression of α-SMA in alveolar wall (A) and sacs (As). B: lung 
sections of Ag-NPs group show strong positive expression in numerous cells (arrows) in thickened inter-alveolar 
septa. C: lung sections of Ag-NPs+ HUCMSCs group show weak positive reacted cells (arrows) in wall of some 
collapsed alveoli (Ca) and sacs (As). (Immunohistochemical staining X400). 
 
 
Transmission electron microscopic (TEM) results 

Electron microscopic (TEM) examination of 
control groups B and C showed the same normal ultra-
structural architecture as compared to negative control 
(group A) that showed alveoli lined by thin inter-
alveolar septa. The pneumocytes type I showed flat 
euochromatic nucleus (Figure 6A). While, 
Pneumocytes type II showed rounded euchromatic 
nucleus, defined lamellar bodies and numerous 
mitochondria. Well defined groups of interstitial cells 
with variable shaped nuclei were demonstrated 
(Figure 6B). 

In Ag-NPs group, TEM examinations of lung 
sections showed altered ultra-structural architecture in 
the form of the inter-alveolar septa showed thickness, 
many interstitial cells with variable shaped and sized 
nuclei and collagen fibers. Pneumocyte type I was still 

unaffected with flat nucleus while Pneumocyte type II 
showed either irregular heterochromatic nuclei or 
apoptotic small nuclei. The lamellar bodies were 
empty or destroyed forming vacuoles in the cytoplasm 
and in alveolar lumens. Some of thick inter-alveolar 
septa showed macrophages with small dense bodies 
and exudate and other septa showed abundant bundles 
of collagen fibers and flat interstitial cells or 
fibroblasts (Figure 7 A, B, C, D). 

However in AgNPs +HUCMSCs group, TEM 
examinations of lung sections showed slight ultra-
structural features of recovery, where the thickness of 
inter-alveolar septa was reduced, Pneumocytes type II 
showed normally apparent euchromatic nuclei and 
well defined lamellar bodies. Few collagen fibers and 
interstitial cells with irregular nuclei were still 
detected (Figure 8 A, B). 
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Figure 6. Photomicrographs of ultrathin lung sections of Control group. A: Alveoli lined by thin inter-alveolar 
septum (S) including pneumocytes types I (PI) with flat euochromatic nucleus (n) and type II (PII) with 
euochromatic nucleus (N) and lamellar bodies (Lb). B: Pneumocytes type II (PII) with rounded euchromatic nucleus 
(N), defined lamellar bodies (Lb) and many mitochondria (m) are demonstrated. Group of interstitial cells (Ic) with 
variable shaped nuclei and one contains numerous mitochondria (m1). (TEM. Mag. x 6000 (A) and x10000 (B)) 

 
Figure 7. Photomicrographs of ultrathin lung sections of Ag-NPs group. A: the inter-alveolar septum (S) shows interstitial 
cells (Ic) with variable shaped nuclei, and Pneumocytes type II (PII) with irregular nucleus (N) while Pneumocyte type I 
(PI) still with flat nucleus (n). B: Thick inter-alveolar septa show macrophages (Mc) with small dense bodies and exudate 
(E). Group of interstitial cells (Ic) with variable shaped and sized nuclei (n) and collagen fibers (Co) could be found. C: 
Other thick inter-alveolar septum shows abundant bundles of collagen (Co). The Pneumocytes type II (PII) with apoptotic 
small nucleus (n) and empty lamellar bodies (Lb) forming vacuoles is seen. D: A thick septum reveals pneumocyte type II 
(PII) with irregular nucleus (N), mitochondria (m) and empty lamellar bodies (Lb) forming vacuoles in its cytoplasm 
could be demonstrated with collagen fibers (Co). (TEM. Mag. x 5000 (A, B), 8000 (C) and x10000 (D)). 
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Figure 8. Photomicrographs of ultrathin lung sections of Ag-NPs +HUCMSCs group. A: Thin inter-alveolar septum 
(S) shows interstitial cell (Ic) with irregular shaped nucleus (N). Parts of Pneumocytes type II cytoplasm (PII) with 
defined lamellated bodies (Lb) and mitochondria (m). Few collagen fibers (Co) can be noticed. B: Pneumocytes 
type II (PII) with euchromatic nucleus (N), normally apparent lamellar bodies (Lb), mitochondria (m) and 
microvilli (arrow head) is well seen. Interstitial cell with irregular nucleus (Ic) and few collagen fibers (Co) can be 
observed and Pneumocytes type I (PI) still with flat nucleus (n). (TEM. Mag. x10000 A, B). 
 
4. Discussion 

Addition of Ag-NPs to food packages and 
cosmetics was the motivation to study its effects on 
lung of adult rats especially; by oral route. The 
previous studies reported the cytotoxic effects of 
ingested Ag-NPs by releasing high concentrations of 
silver ions, that was referred to as the Trojan horse 
effect (Gliga et al.,2014) suggesting analysis of silver 
inside cells (Hsiao et al., 2015). 

In the current study, the examination of lung 
tissues of adult rats for NO and MPO activities and 
GSH content after sub-chronic exposure to oral Ag-
NPs showed highly significant increase in their 
activities and reduction of GSH content.  

The in-vivo studies of ingested silver 
nanoparticles that affect the lung tissues of 
experimental animals were limited to compare our 
data. However, in general there were previous studies 
reported that Ag-NPs produced oxidative stress 
through several investigational analysis. A study was 
done by (Patlolla et al., 2015) who suggested that 
short-term oral administration of high doses of AgNPs 
(100 mg/kg) could increase reactive oxygen species 
(ROS) and lipid hydroperoxide. Another study with 
inhalational Ag-NPs exposure reported increased 
malondialdehyde (MDA) in bronchial lavage, 
suggesting oxidative injury and pulmonary 
inflammation that could lead to altered pulmonary 
mechanics (Seiffert et al., 2014). BraydichStolle et al. 
(2005) attributed the cytotoxic effect of nanomaterials 

to disruption of mitochondrial function and induction 
of oxidative stress resulting in membrane damage and 
apoptosis. 

In the present study, HUCMSCs injection for two 
successive days in Ag-NPs intoxicated rats showed 
significant reduction of NO and MPO activities and 
increased GSH content in lung tissues of adult rats. 

These results were in agreement with (Li et al., 
2012) who reported that HUCMSCs improving MPO 
activity in lung tissues of rats after induction of lung 
injury by lipopolysaccharide. It had been suggesting 
that the main source of ROS in lung tissues is 
neutrophils and macrophages based on that MPO is 
the main indicator of neutrophil infiltration (Haegens 
et al., 2009). Another study showed that bone marrow-
MSCs injection was effective in improving the 
oxidative stress in Ecoli induced acute lung injury in 
mice by reducing MPO activity and increased GSH, 
superoxide dismutase (SOD), catalase (CAT) and 
glutathione peroxidase (GPx) in lung tissues 
suggesting the antioxidant role of MSCs (Shalaby et 
al., 2014).  

Mesenchymal stem cells (MSCs) have some 
advantages that encourage researchers to evaluate its 
ameliorating role in several organ injuries and 
toxicities as it couldn’t be easily recognized by 
expression of human leucocytic antigen in low 
amounts, no immune response could be detected in the 
recipient due to suppression of T cell proliferation 
(Lanzoni et al., 2008). It was be conducted that MSCs 
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have therapeutic potential in lung diseases (Antunes et 
al., 2014), especially; Human umbilical cord-derived 
mesenchymal stem cells (HUCMSCs) which are 
considered suitable for clinical application due to easy 
collection, high cell vitality (Li et al.,2009), low 
immune response (Lee et al.,2014), and high ability 
for accelerating tissue repair (El Omar et al.,2014). 
Moreover, they have the potential efficacy in 
treatment of lung injury (Moodley et al., 2009). 

In the current study, Ag-NPs administration for 4 
weeks caused pathological alteration that appeared 
with H & E staining; areas of numerous collapsed 
alveoli, marked peri-bronchial mononuclear 
inflammatory cell aggregates, fatty cellular infiltration, 
the inter-alveolar septa were thickened, the blood 
vessels were dilated and congested, and bundles of 
collagen fibers and exfoliated cells in the lumen were 
found. On the other hand, with administration of 
HUCMSCs, there were some features of recovery as 
the alveoli appeared normal with their sacs and still 
some collapsed alveoli were found. The inflammatory 
aggregates weren’t appeared any more. Types I and II 
pneumocytes with flat and rounded nuclei, 
respectively; were observed in the alveolar lining 
epithelium. Numerous inter-alveolar septa appeared 
thin. However, little congested and dilated blood 
vessels and few thickened inter-alveolar septa were 
still observed.  

These results were in agreement with previous 
studies which reported that Ag-NPs in the lung caused 
high inflammatory potential and can lead to 
granulomatous lesions (Seiffert et al., 2016; Sung et 
al., 2009). Other study reported reduction in the tidal 
volume and minute volume, mixed inflammatory cell 
infiltrate and alveolar inflammation (Sung et al., 
2008). Chuang et al., (2013) recorded that the 
morphological changes induced by Ag-NPs marked by 
lymphocyte and macrophage infiltrations and that 
what was happened in the current study. It was 
suggested that nanoparticles caused tissue injury by 
inducing inflammation and immune response (Wen et 
al., 2017).  

There were limited studies on the effect of 
HUCMSCs on Ag-NPs induced lung injury. However, 
with intra-tracheal injection of HUCMSCs to study 
their role in acute lung injury induced by 
lipopolysaccharide, it was found that HUCMSCs 
improved survival and attenuated lung inflammation in 
mice (Zhu et al., 2017). Some previous studies 
suggested the therapeutic role of MSCs as it 
aggregated within the inflammatory site and 
dierentiated to form endothelial and epithelium-like 
phenotype cells (Rojas et al., 2005), others attributed 
their role to their anti-apoptotic, anti-inflammatory, 
angiogenic and immunomodulatory properties (Kawai 
et al., 2015; Waszak et al., 2012). Moreover, it could 

secrete cytoprotective agents that help in lung injury 
repair (Danchuk et al., 2011). 

In the present study, the examination of 
immunhistochemial staining of lung sections for 
iNOSin Ag-NPs group, the lung sections showed 
strong positive expressions of iNOSin the alveolar 
walls and sacs. However, the HUCMSCs treatment 
produced weak positive expressions of iNOS. 

Inducible nitric oxide synthase (iNOS) is from 
several enzymes that catalyzed formation of nitric 
oxide (NO) from L-arginine, both of iNOS and NO are 
important in many physiological and produced in 
several pathological conditions (Speranza et al.,2007). 
High production of NO levels that induced by 
increased iNOS out-put encourages the reaction with 
superoxide leading to formation of peroxynitrite and 
cell toxicity by oxidative stress (Mungrue et al., 2002). 
In the present work, the increased NO activity in lung 
tissues of Ag-NPs group was confirmed by over 
expression of iNOS in the same group emphasizing 
the oxidative stress occurrence. 

The histopathological alteration of Ag-NPs were 
confirmed with TEM examination of lung ultrathin 
sections that reveled altered ultra-structural 
architecture in the form of thickened inter-alveolar 
septa, many interstitial cells with variable shaped and 
sized nuclei and collagen fibers. Pneumocyte type II 
showed either irregular heterochromaticnuclei or 
apoptotic small nuclei. The lamellar bodies were 
empty or destroyed forming vacuoles. Some of thick 
inter-alveolar septa showed macrophages with small 
dense bodies and exudate and other septa showed 
abundant bundles of collagen fibers and flat interstitial 
cell or fibroblast. However with HUCMSCs 
administration, there were some ultra-structural 
features of recovery as reduction of the thickness of 
inter-alveolar septa, Pneumocytes type II retained 
normally apparent euchromatic nuclei and well 
defined lamellar bodies.  

The thickness of inter-alveolar septa was 
attributed to bundles of collagen that demonstrated in 
alveolar wall and that lead to modification of protein 
and carbohydrates composition (Rumble et al., 1997). 
Similarly, presence of macrophage in alveolar septa 
was attributed to scavenging of silver particles 
(Anderson et al., 2015). 

The beneficial role of HUCMSCs in reducing 
collagen fibers in alveolar septa may be attributed to 
their paracrine mechanisms (Rojas et al.,2005) in 
which the HUCMSCs produced excessive amounts of 
interleukin 1 receptor antagonist that reduced 
inflammation and fibrosis induced lung injury (Ortiz et 
al.,2007). In additionally, MSCs reduced collagen and 
increased hyaluronic acid formation in fibroblasts 
(Kumai et al., 2010). 
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Conclusion 
From results of the present work, we concluded 

the harmful effects of sub-chronic oral exposure to 
Ag-NPs induced oxidative stress, histopathological 
and ultra-structural alteration in lung tissues of adult 
male rats and the tremendous role of HUCMSCs in 
improving the Ag-NPs detrimental effects by reducing 
MPO, NO activities that confirmed by decreasing 
iNOS expressing cells and increased GSH contents. 
Furthermore, they improved some of altered 
histopathological and ultra-structural changes.  
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