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ABSTRACT 
 
Background: Diesel vehicles exhaust contains toxic nanoparticles that drastically affect lung tissue 
due to their direct cytotoxic effects, induction of oxidative stress, inflammatory signaling pathways 
and DNA damage. Mesenchymal stem cells (MSCs) exhibit anti-inflammatory effects and efficient 
regenerative capacity in chronic lung diseases.   
Objectives: Evaluation of the effects of MSCs and MSCs-derived micro vesicles (MSCs-MVs) on 
pulmonary toxicity induced by diesel exhaust nanoparticles (DENPs).  
Materials and Methods: Sixty male rats were equally divided into: Group I (Control rats), Group II 
(DENPs group) received repeated doses of DENPs (180μg/rat) intratracheally every other day for 6 
days, Group III (MSCs group) received MSCs intravenously (3×10

6
 cells) after the last dose of 
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DENPs and Group IV (MSCs-MVs group) received MSCs-MVs (0.5 mg/mL) intravenously after the 
last dose of DENPs. Lung tissue were subjected to histological and immunohistochemical 
assessment. Inflammatory cytokines and bronchoalveolar lavage fluid (BALF) contents of 
inflammatory cells, albumin, LDH and total proteins were evaluated. 
Results: Histological picture of lung tissue in DENPs group showed numerous collapsed alveoli, 
thick interalveolar septa and marked cellular infiltration. Elastic fibers were markedly decreased by 
DENPs. Increased optical density of NF-κB/p65 immunoreactivity. Bronchoalveolar lavage fluid 
showed significant elevation of inflammatory cytokines (TNF-a, IL-6), polymorphonuclear leukocytes 
(PMN), neutrophils, macrophages, LDH, total proteins and albumin. Treatment with either MSCs or 
MSCs-MVs led to a significant amelioration of all of the aforementioned studied parameters. 
Conclusion: MSCs-MVs and MSCs showed significant therapeutic effects against DENPs 
damaging effects on the lung tissues via their regenerative capacity and anti-inflammatory effects. 
 

 

Keywords: Diesel exhaust nanoparticles; MSCs; pulmonary toxicity; microvesicles. 
 

1. INTRODUCTION  
 

Diesel engine exhaust nanoparticles (DENPs) 
were classified by the World Health Organization 
as a group 1 carcinogen to humans [1]. 
Epidemiological data showed that exposure to 
DENPs is associated with higher risk of morbidity 
and mortality related to pulmonary and 
cardiovascular diseases, development and 
progression of atherosclerosis and lung cancer 
[2]. The Lung is the first target confronted by 
DENPs-mediated damage. The most prominent 
cellular responses are the induction of pulmonary 
oxidative stress and pro-inflammatory signaling 
cascade which are known to contribute to the 
onset of chronic respiratory diseases such as 
chronic obstructive pulmonary disease (COPD) 
and lung fibrosis. Fibrotic respiratory disorders 
develop as consequences of DENPs-induced 
oxidative stress, chronic inflammation, bronchial 
asthma and genotoxicity [3,4]. 
 

Up to our best of knowledge there are no 
previous studies conducted on the use of stem 
cells in DENPs mediated pulmonary toxicity. 
However, Mesenchymal stem cells (MSCs) 
showed prominent anti-inflammatory and 
antioxidant effects in other chronic diseases such 
as rheumatoid arthritis [5], atherosclerosis [6], 
inflammatory bowel diseases [7] and 
inflammatory skin diseases [8].  MSCs mediate 
significant immunomodulatory effects by 
modulation of T and B cell proliferation and 
differentiation, dendritic cell growth and the 
activity of natural killer cells [9]. MSCs are 
polarized towards the anti-inflammatory 
directions in several auto-immune disorders with 
down-regulation of pro-inflammatory cytokines 
[5].  
 

Stem cells are endowed with major capacity of 
multilineage differentiation and self-renewal 

which allows them to be a significant contributor 
in tissue homeostasis. Moreover, stem cells have 
an efficient DNA repair machinery that protects 
them and the surrounding niche from genotoxic 
insults [10-12]. Diesel exhaust nanoparticles 
exhibit marked genotoxic potentials by their 
direct oxidative DNA damage with single strand 
breaks, and down-regulation of expression of 
genes involved in DNA damage repair [13]. Stem 
cells have the potentials to efficiently combat the 
genotoxicity induced by DENPs.  
 
Cells release Extracellular vehicles (EVs), as 
microvesicles, apoptotic bodies and exosomes 
[14]. They are differentiated by specific 
membrane markers and size [microvesicles 
(100–1000 nm), exosomes (50–150 nm)                   
and apoptotic bodies (50–2000 nm)]. EVs                
have been seen in blood, bile, urine 
bronchoalveolar lavage fluids (BALF), feces and 
saliva [15,16]. 
 
This study aimed at evaluation of the 
effectiveness of MSCS-MVs and MSCs against 
pulmonary toxicity induced by DENPs.  
 

2. MATERIALS AND METHODS 
 
2.1 Animals and Groups 
 
Sixty male rats; albino species (80-120 days old 
and 220-250 g B.Wt) were obtained from the 
animal house of faculty of Veterinary Medicine, 
Benha University. Seven days acclimatization 
period was allowed for rats. Animals were 
housed at constant temperature (22 ± 2ºC) and 
humidity (60%), with a 12:12 hour light: dark 
cycle. They were given water ad libitum and 
standard pellet diet. All animals’ procedures were 
performed in accordance with the recom-
mendations for the proper care and use of 
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laboratory animals. Institutional animal ethical 
committee reviewed & approved our study 
according to the standard protocols of the 
Institutional Animal Care Committee.  
 
Animals were randomly divided into the following 
groups: 
 
Group I (Control group, n=15) divided into:  
 

Subgroup 1A (n=8). Animals received 
intravenous injection of phosphate 
buffered saline (PBS) for 4 weeks. 
 
Subgroup 1B (n=7): Received normal 
saline with 0.01% tween 80 as spray for 
6 days intratracheally every two days. 
 

Group II (DENPs group, n=15).  
 

Animals treated with repeated doses of 
DENPs 180 µg/ rat for 6 days 
intratracheally every two day. 
 

Group III (MSCs group, n=15).  
 

Rats received a single dose of 3 × 106 
MSCs intravenously suspended in 0.5 
mL PBS after the last dose of DENPs (
DENPs 180 µg/ rat for 6 days 
intratracheally every two day  ) . 
 

Group IV (MSCs-MVs group, n=15) 
 

Rats treated intravenously with a single 
dose of 0.5 mL (0.5 mg/mL) of MSCs-
MVs after the last dose of DENPs (
DENPs 180 µg/ rat for 6 days 
intratracheally every two day  ) . 
 
In DENPs exposed rat groups, sodium 
pentobarbital was injected for anesthesia 
intraperitoneally (60 mg/kg b.wt). A 24-
gauge cannula via the mouth was 
inserted into the trachea. The DENPs 
suspensions and normal saline were 
intratracheally instilled using a sterile 
syringe. Administration was done on 
days 1, 3, and 5.  

 
2.2 Collection of DENPs  
 
DEHP, di(2-ethylhexyl) phthalate, (CAS no 204-
211-0, purity 99%, lot 101K3696) was purchased 
from Sigma Aldrich (St Louis, MO) dissolved in 
0.5% DMSO (Sigma-Aldrich®, St Louis, MO) for 
6, 12, 24 or 48 h. Collection of DENPs were done 

by operating petrol engines and duty light multi-
cylinder diesel at a speed of 1500 rpm, as 
method mentioned by Durga et al. [17]. They 
were suspended in sterile normal saline (Nacl 
0.9%) containing tween 80 (0.01%) to decrease 
aggregation, Normal saline with 0.01% tween 80 
was given to control group (tween is a non-ionic 
detergent used as an emulsifying agent in 
biochemical applications-Cat No.9005-64-5). The 
size of collected particles was less than 2.5 μm. 
Morphological analysis and demonstration of the 
presence of nano-size particles were examined 
by Transmission Electron Microscope (HR-TEM) 
(JEOL 3010). 
 

2.3 MSCs Isolation and Ex Vivo 
Expansion 

 
 At the end of the experiment, the rats were 
sacrificed by cervical dislocation. Bone marrow 
cells were obtained by flushing femurs and tibias 
with sterile PBS. After centrifugation, cells were 
resuspended in alpha-MEM supplemented with 
10% selected fetal bovine serum and 80 ug/mL 
gentamicin and plated at a density of 1x106 
nucleated cells/cm

2
. Non-adherent cells were 

removed after 72 hours by media change. When 
foci reached confluence, adherent cells were 
detached with 0.25% trypsin, 2.65 mM EDTA, 
centrifuged and subcultured at 7.000 cells/cm2. 
After two subcultures, adherent cells were 
characterized and transplanted [18]. 

 
2.4 Immunophenotyping of MSCs 
 
Immunophenotyping was performed by 
flowcytometric analysis after immunostaining with 
monoclonal antibodies against CD73 (FITC-
conjugated) from BD Pharmingen, USA, and 
CD90 (PE-conjugated), (HPA005785 Sigma-
Aldrich, St. Louis, MO, USA) [18]. 
 

2.5 MSCs Intravenous Administration 
 
A total of 0.5x10

6
 MSC were suspended in 0.2 

mL of 5% BPS and were administered via the tail 
vein rat. Control animals received 0.2 mL of 
vehicle. 

 
2.6 Isolation of MSC-derived 

Microvesicles  
 
Microvesicles were isolated from supernatant of 
first, second, and third passages of MSCs 
cultured in a-MEM deprived of FBS [AQ10]. After 
centrifugation at 2000 xg for 20 min to remove 
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debris, cell-free supernatant was centrifuged at 
100,000 xg (ultracentrifuge of Beckman Coulter 
Optima L 90 K[AQ11]) for 1 h at 4ºC, washed in 
serum-free medium 199 containing HEPES 25 
mM (Cat. No. 5000205, Sigma, St Louis, 
Missouri, USA), and subjected in the same 
conditions to a second ultracentrifugation [19].  
 

2.7 Identification and Detection of MSC-
derived Microvesicles 

 

Flow cytometry was done for identification of 
MSCs using specific stem cell markers CD90 

(SAB4700594-100UG, Becton Dickinson, 

FACS Calibur) and CD44 (SAB1402714-
100UG, Miltenyi Biotec, Bergisch Gladbach, 
German) [20] and detection of MSCs-MVs was 
done by using transmission electron microscope 
(JEM-2100, Joel Inc.) at 80 kV) [21]. For 
detection of homing of MSCs into pulmonary 
tissue in rats, cells were labeled with PKH26 Red 
Fluorescent Cell Linker Kit (PKH26GL, Sigma-
Aldrich, Egypt) then were injected into the tail 
vein, the lung tissue was examined with a 
fluorescence microscope to detect the cells 
stained with PKH26 dye to ensure homing in 
tissue.  
 

2.8 Histological Studies 
 

At the end of the experiment, animals were 
anaesthetized by ether inhalation, sacrificed and 
the lung was exposed and excised. Lung 
biopsies were divided and fixed immediately in 
10% neutral buffered formalin. Paraffin sections 
were prepared and stained with hematoxylin and 
eosin (H &E) to verify histological details, Orcein 
stain was used to assess elastic fibers [22]. 
 

Immunohistochemical staining was carried for 
the detection of expression of NF--κB (Labvision, 
Thermoscientific, USA) rabbit polyclonal 
antibody, CA. RB-1638. 

 
Immunohistochemical staining was done by 
using avidin-Biotin immunoperoxidase technique 
in which lung sections from paraffin block were 
cut. Peroxidase Blocking Solution was used to 
block the endogenous peroxidase for 15 min, the 
slides were put in citrate buffer for antigen 
retrieval, then put in the microwave for 9 min at 
90ºC and the slides were incubated at room 
temperature after cooling with the diluted primary 
antibodies (1:50). Finally, Diaminobenzidine 
(DAB) chromogen solution was added and 
counter staining was done with Mayer’s 
hematoxylin. For negative control sections, the 
primary antibodies were excluded. The reaction 

is cytoplasmic and the positive control was taken 
from the prostate [23]. 
 

2.9 Morphometric Study 
 

Measurement of alveolar wall thickness was 
done in H&E stained sectioned, measurement of 
mean area% of elastic fiber content was 
measured in the Orcien-stained sections at a 
magnification of × 400 for each specimen and 
measurement of the optical density of NF-κB 
immunoreactivity was done in 10 high-power 
fields using the binary mode. All above 
measurements were quantified in 10 images for 
each group using Image-Pro Plus program 
version 6.0 (Media Cybernetics Inc., Bethesda, 
Maryland, USA). (Computer system in 
the morphometric unit in the Histology 
Department, Faculty of Medicine, Cairo 
University).  

 
2.10 Collection and Analysis of 

Bronchoalveolar Lavage Fluid 
(BALF)  

 
After scarification of all animals the trachea was 
canalized and the lungs were washed 3 times 
with 7.0 ml of normal sterile saline (Nacl 0.9%). 
There were no differences in volume of BALF 
collected from different groups. The collected 
BAL fluid was centrifuged for 15 min at 1500 rpm 
to precipitate the cells. The cells were then 
washed with buffer consisting of 0.58 g 
Na2HPO4, 4.03 g NaCl, 0.1g KCl, 0.5 g glucose 
and 0.1g KH2PO4 in 500ml of distilled water and 
finally suspended at 2x10

5
 cells/ml in buffer. This 

was followed by staining with diff-quick 
(Belgium), fixation in methanol and observation 
under a light microscope. The concentration of 
macrophages, polymorphonuclear leukocytes 
(PMN), neutrophil, total cell count and total 
protein in BALF was analyzed according to the 
described protocols [24]. Total protein and 
albumin were assayed as an indicator of 
elevated permeability of capillary-broncho-
alveolar barrier [25]and lactate dehydrogenase 
(LDH) estimation was assessed as an indicator 
of lung tissue injury [26]. Cytokines analysis of 
Interleukin-6 (IL-6) and tumor necrosis factor 
(TNF-α) was also done in BALF. Total protein of 
BAL fluid was quantified by Bradford reagent 
(BioRad, Hercules, Ca) as directed by the 
manufacturer's protocol. Lactate dehydrogenase 
(LDH) was assayed using colorimetric assay kit 
(Sigma-Aldrich, Merck, USA. Cat No. MAK066). 
Albumin (BCG) assay kit was obtained from 
Abcam (UK, Cat No. ab235628). ELISA kits were 
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used for IL-6 and TNF alpha assays (Abcam, UK, 
Cat No. ab100772 & Cat No. ab100785 
respectively). All assays were conducted as 
directed by the manufacturer’s protocols. 
 

2.11 Statistical Analysis 
 

Data was analyzed using SPSS computer 
program version 22.0. Quantitative data was 
expressed as means ± standard deviation, 
median and range. Qualitative data was 
expressed as number and percentage. The data 
were tested for normality using Shapiro-Wilk test. 
The nonparametric Mann–Whitney test and 
Kruskal–Wallis test were used for data which 
wasn't normally distributed. Independent 
Samples t-test and One-way analysis of variance 
test were used for normally distributed data. Chi-
Square test was used for comparison between 
qualitative variables. A 5% level was chosen as a 
level of significance in all statistical tests used in 
the study. 
 

3. RESULTS 
 

3.1 Histological Results 
 
3.1.1Characterization and homing of MSCs 

and MSCs-MVs  
 

MSCs were recognized at 14-day culture by 
inverted microscope as adherent spindle-shaped 
cells with some polyhedral cells in between (Fig. 
1A). MSCs labelled with PKH26 fluorescent dye 
were identified in vitro by means of a fluorescent 
microscope (Fig. 1B). MSCs labelled with PKH26 
fluorescent dye were recognized in lung by their 
strong red fluorescence using fluorescent 
microscope (Fig. 1C). TEM of MSCs-MVs 
showed spheroids appearance with diameter 
less than 100 nm (Fig. 1D). Flow cytometry 
revealed that there were positive CD90 and 
CD44 as surface marker of MSCs.  
 

3.1.2 Hematoxylin and eosin results (H&E)  
 

Examination of lung sections of control rats 
(group I) showed a normal lung structure with 
bronchioles and blood vessels in between lung 
alveoli that has thin inter alveolar septa (Fig. 2 A, 
2B). The lung alveoli of group II (DENPs treated 
group) showed thick interalveolar septa with 
inflammatory cellular infiltration around alveoli 
and bronchiole, extravasated red blood cells 
(RBCs) and desquamated epithelial cells in the 
lumen of the bronchiole (Fig. 2C, 2D) In group III 
(MSCs treated) lung sections revealed 
bronchioles, alveoli with thin interalveolar septa. 

Few cellular infiltrations and less extravasated 
RBCs were detected (Fig. 2E, 2F). Lung sections 
in group IV (MSCs-MVs) showed many alveoli of 
variable size with alveolar ducts and thin 
interalveolar septa as in control group while few 
others showed thickened interalveolar septa with 
few mononuclear cellular infiltration (Fig. 2G). 
 

3.1.3 Orcein stain results 
  
Group I sections showed continuous dark 
reddish-brown elastic fibers around the 
bronchiole, walls of the alveoli and wall of blood 
vessels (Fig. 3A). Sections of group II showed 
minimal accumulation of reddish-brown elastic 
fibers around the bronchiole, walls of the alveoli, 
and wall of dilated congested blood vessel (Fig. 
3B). Group III (MSCs group) lung tissue showed 
moderate accumulation of reddish-brown elastic 
fibers around the bronchiole, wall of congested 
blood vessel, and walls of the alveoli (Fig. 3C). 
Group IV (MSCs-MVs) lung showed marked 
accumulation of reddish-brown elastic fibers in 
the bronchiole, wall of congested blood vessel 
and walls of the alveoli (Fig. 3D). 
 

3.1.4 Immunohistochemical results 
 

The NF-κB immunoreactivity in the control 
groups was showed  cytoplasmic 
immunoreactivity in some alveoli (Fig 4A). In the 
DENPs group, increased cytoplasmic 
immunoreactivity was observed in multiple 
alveolar cells (Fig. 4B), whereas the (MSCs 
group) and (MCSs-MVS group) showed 
decreased cytoplasmic immunoreactivity in 
alveoli compared with the DENPs group (Figs. 
4C and D). 

 
3.2 Morphometric Results 
 
3.2.1 The alveolar septal wall thickness 
  
Group II (DENPs group) showed significant 
increase in the alveolar thickness (p<0.001) in 
comparison to control. While the alveolar 
thickness in Group III (MSCs group) and in 
Group IV (MSCs-MVs group) exhibited significant 
decrease (p < 0.05) (Table 1). 
 
3.2.2 Mean area percentage of elastic fibers 
 

There was a significant difference in the mean 
area percentages of elastic fibers in DENPs 
group as compared with control group (p > 0.05) 
and a significant increase in elastic fibers in both 
MSCs and MSCs-MVs treated groups in 
comparison to DENPs group (p < 0.05) (Table 1).  
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3.2.3 Optical density of NF-κB 
 

There was a significant increase (P<0.05) in the 
mean optical density of NF-κB immunoreactivity 
in the DENPs group compared with the other 
groups (Table 1). 
 

3.2.4 Cytokine analysis, inflammatory cells 
and total proteins in BALF 

 

In Group II (DENPs group), the levels of TNFα 
and IL-6 were significantly increased in BALF.  

However, IL-6 and TNFα levels in MSCs and             
in MSCs-MVs treated groups were          
significantly decreased when compared to 
DENPs toxicity group. In DENPs group there  
was a significant elevation in macrophages, 
whereas PMN and neutrophil levels were 
increased. On the other hand, MSCs and             
MSCs-MVs treated groups exhibited significant 
decrease in macrophages, PMN and             
neutrophil levels when compared with DENPs 
group (Table 2). 

 
Table 1. Alveolar wall thickness (μm), mean area percentage of elastic fibers and optical 

density of NF-κB 
 

Groups Control 
group 

DENPs  
group 

MSCs 
group 

MSCs-MVs 
group 

Alveolar wall thickness (μm) 2.61 ± 1.51 11.26± 9.12* 5.32± 1.70
a
* 3.13± 0.42

a
 

Mean area percentage of elastic fibers 9.94 ± 0.83 1.42± .03* 6.29± 0.10a* 7.98± 0.90a 
Optical density of NF-κB 0.1 ± 0.01 3.37 ± 0.02 0.19 ± 0.03

a *
 0.12 ± 0.07

a
 

Note:  * as compared with control normal group, a as compared with DENPs treated group. ∗P≤0.05, significant 
difference 

 

 
 

Table 2. Levels of TNF-α, IL-6, inflammatory cells, total cell count and total protein in BALF 
 

         Groups Control group  DENPs group  MSCs group MSCs-MVs group 
IL-6 (pg/ml) 0.98 ± 0.12 3.92± 0.34 

*
 1.39± 0.60a

 a
* 1.03± 0.15

 a
 

TNF-α (pg/ml) 25.89± 6.59 63.44± 10.53
*
 29.34± 0.20

 a
 28.78± 0.90

 a
 

Macrophages 0.98 ± 0.12 2.92± 0.34 * 1.21± 0.15 a 1.00± 0.91 a 
PMNs 25.89± 6.59 82.41± 10.53

*
 29.34± 0.20

 a
 27.78± 0.90

 a
 

Neutrophils  40.31 ± 1.94 63.44± 10.53* 49.32± 2.14 a* 47.58± 0.32 a* 
Total protein (mg) 57.41 ± 1.46 120.34± 4.20

*
 61.33± 8.70

 a*
 59.08± 0.81

 a
 

Albumin (mg)  2.1± 0.65 4.9± 2.73
*
 2.1± 0.10

 a
 2.0± 0.11

 a
 

LDH  2.01± 1.49 0.95± 0.83* 1.7± 0.50 a 1.8± 0.81 a 
Note: 

*
 as compared with control normal group,

 a
 as compared with DENPs treated group. ∗P≤0.05, significant 

difference 
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E. 
 

 
 

Fig. 1. (A) Inverted microscope micrograph of a culture of bone marrow-derived mesenchymal 
stem cells on day 14 of isolation and culture. The attached cells form colonies. These cells are 

spindle shaped (↑) with some polyhedral cells (*) in between the colonies (X1000). (B) A 
fluorescent microscope photograph showing MSCs labelled with PKH26 fluorescent dye in 
vitro (arrows) (Å~ 1000); (C) A fluorescent microscope photograph showing MSCs labelled 
with PKH26 fluorescent dye in lung (arrows) (Å~ 1000). (D) Electron micrograph of micro 

vesicles showing spheroid appearance (black arrows) in lung (100 nm). (E) flow cytometry 
which revealed that MSCs were have CD90+ and CD44 

 

A)   B)   
   

C)   D)  
 
 



E)

G)

Fig 2. (A) A photomicrograph of a section in rat lung of group I (control group) showing alveoli 
(A), alveolar duct (AD), bronchiole (B) thin interalveolar septa (arrows) and a blood vessel (V) 

H&E, 200. (B) A section in rat lung of group I (control group) showi
(green arrows), pneumocyte type II (black arrows) and alveolar macrophages (star), H&E, 650. 

(C) Lung tissue of group II (DENPs treated group) showed some collapsed alveoli (c) with thick 
interalveolar septa (T), cellular infiltration 
red blood cells (b) H&E, 200. (D) Group II (DENPs treated group) showed exfoliated epithelial 
cells in the lumen of bronchiole (f), cellular infiltration around bronchiole and alveoli (stars) 
and dilated congested blood vessel (v) H&E, 200. (E) Group III (MSCs group) showed some 
alveoli normal (AL) with thin interalveolar septa (arrows) and few cellular infiltrations (stars) 
H&E, 200. (F) A section of lung tissue of group III showed alveoli (AL) with thin 

septa (arrows), some dilated ruptured alveoli (RA) and cellular infiltration (stars) and less 
extravasated RBCs (b), others collapsed alveoli (CA) with thick interalveolar septa (T) H&E, 
200. (G) Group IV (MSCs-EVs) showed many alveoli of var
(AD) and thin interalveolar septa (arrows) with few others showed thickened interalveolar 

septa (T) with few mononuclear cellular infiltration(stars) H&E, 200
 
The total protein was increased in DENPs group. 
MSCs and MSCs-MVs treated groups showed 
significant decrease when compared to the 
DENPs group. Albumin concentration was 
elevated in DENPs toxicity group and 
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   F)
 
 

 
 

(A) A photomicrograph of a section in rat lung of group I (control group) showing alveoli 
(A), alveolar duct (AD), bronchiole (B) thin interalveolar septa (arrows) and a blood vessel (V) 

H&E, 200. (B) A section in rat lung of group I (control group) showing pneumocyte type I 
(green arrows), pneumocyte type II (black arrows) and alveolar macrophages (star), H&E, 650. 

(C) Lung tissue of group II (DENPs treated group) showed some collapsed alveoli (c) with thick 
interalveolar septa (T), cellular infiltration around bronchiole and alveoli (stars), extravasated 
red blood cells (b) H&E, 200. (D) Group II (DENPs treated group) showed exfoliated epithelial 
cells in the lumen of bronchiole (f), cellular infiltration around bronchiole and alveoli (stars) 

congested blood vessel (v) H&E, 200. (E) Group III (MSCs group) showed some 
alveoli normal (AL) with thin interalveolar septa (arrows) and few cellular infiltrations (stars) 
H&E, 200. (F) A section of lung tissue of group III showed alveoli (AL) with thin interalveolar 

septa (arrows), some dilated ruptured alveoli (RA) and cellular infiltration (stars) and less 
extravasated RBCs (b), others collapsed alveoli (CA) with thick interalveolar septa (T) H&E, 

EVs) showed many alveoli of variable size (A) with alveolar ducts 
(AD) and thin interalveolar septa (arrows) with few others showed thickened interalveolar 

septa (T) with few mononuclear cellular infiltration(stars) H&E, 200 

The total protein was increased in DENPs group. 
MVs treated groups showed 

significant decrease when compared to the 
DENPs group. Albumin concentration was 
elevated in DENPs toxicity group and 

significantly decreased in both MSCs and MSCs
MVs treated groups. Whereas, the LDH level 
was increased in DENPs group and decreased in 
both MSCs and MSCs-MVs treated groups 
(Table 2). 
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(A) A photomicrograph of a section in rat lung of group I (control group) showing alveoli 
(A), alveolar duct (AD), bronchiole (B) thin interalveolar septa (arrows) and a blood vessel (V) 

ng pneumocyte type I 
(green arrows), pneumocyte type II (black arrows) and alveolar macrophages (star), H&E, 650. 

(C) Lung tissue of group II (DENPs treated group) showed some collapsed alveoli (c) with thick 
around bronchiole and alveoli (stars), extravasated 

red blood cells (b) H&E, 200. (D) Group II (DENPs treated group) showed exfoliated epithelial 
cells in the lumen of bronchiole (f), cellular infiltration around bronchiole and alveoli (stars) 

congested blood vessel (v) H&E, 200. (E) Group III (MSCs group) showed some 
alveoli normal (AL) with thin interalveolar septa (arrows) and few cellular infiltrations (stars) 

interalveolar 
septa (arrows), some dilated ruptured alveoli (RA) and cellular infiltration (stars) and less 

extravasated RBCs (b), others collapsed alveoli (CA) with thick interalveolar septa (T) H&E, 
iable size (A) with alveolar ducts 

(AD) and thin interalveolar septa (arrows) with few others showed thickened interalveolar 
 

significantly decreased in both MSCs and MSCs-
treated groups. Whereas, the LDH level 

was increased in DENPs group and decreased in 
MVs treated groups 
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A)  B)       

C) D)  
 

Fig 3. (A) A photomicrograph of Group I (control group) showing continuous reddish-brown 
elastic fibers (arrows) around the walls of the alveoli (A), bronchiole (B) and blood vessel (bv) 
(Orcein stain, X200). (B) Group II showing mild accumulation of reddish-brown elastic fibers 

(arrows) around the bronchiole (B), walls of the alveoli (A) and wall of dilated blood vessel (V) 
(Orcein stain, X200). (C) Group III (MSCs group) showing moderate accumulation of reddish-
brown elastic fibers (arrows) around the bronchiole (B), wall of congested blood vessel (bv) 
and walls of the alveoli (A) (Orcein stain, X200). (D) Group IV (MSCs-MVs) showing marked 

amount of reddish-brown elastic fibers around the bronchiole passages (B) and walls of the 
alveoli (A) (Orcein stain, X200) 

 

A) B)  
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C) D)  
 

Fig 4. (A) Photomicrograph of lung section of Group I showed negative NF-κB   
immunoreactivity (arrow) within the cytoplasm of cells. (B) Group II (DENPs treated group) rat 

lung showing marked positive NF-κB immunoreactivity (arrows). (C) group III (MSCs group) 
showing moderate positive NF-κB immunoreactivity (arrows). D) Group IV (MSCs-MVs) 

showing mild positive NF-κB    immunoreactivity (arrows). (Immunostaining for NF-κB X200) 
 

4. DISCUSSION 
 
Since 1990 it was realized that the adverse 
health effects of DENPs depend mainly on 
pulmonary inhalation with subsequent induction 
of oxidative stress, pro-inflammatory signaling 
molecules and genotoxicity. DENPs are 
translocated across the airway respiratory 
epithelium and enter the circulatory system, 
along with locally produced inflammatory         
signaling molecules and oxidizing molecules 
which initiate systemic inflammation, oxidative 
stress and systemic distribution of genotoxins [2]. 
These fact confirm our findings of elevated levels 
of inflammatory cytokines; IL-6 and TNF- α as 
well as inflammatory cellular infiltration of the 
lung tissue in DENPs exposed rat group. More 
recently, Durga et al. [27] stated that 
inflammatory cytokines, reactive oxygen species 
(ROS) and genotoxins induce endothelial cells 
transition into mesenchymal fibroblast-like cells 
with subsequent progression of chronic diseases 
to organ fibrosis and carcinogenesis. It was 
shown that endothelial protein pattern changes 
with modulation of the expressions of endothelial/ 
fibrotic markers and extracellular matrix proteins. 
These observations could explain findings of this 
study that revealed significant accumulation of 
elastic fibers around the bronchiole, walls of the 
alveoli, and wall of the congested blood vessel 
together with marked increase in the alveolar 
wall thickness in lung tissues of DENPs exposed 
rat group. These findings could also be attributed 
to activation of immune cells by reactive oxygen 
species (ROS) and reactive nitrogen species 
(RNS) which initiate pulmonary fibrosis as proved 

in the previous study conducted by Yetuk et al. 
[28].  One of the key inducers of inflammatory 
responses is NFK-B (26). Activation of NFK-B 
results from interactions between polyaromatic 
hydrocarbons found in DENPs with the 
intracellular Aryl-hydrocarbon receptors [29, 30]. 
Also, increase of nuclear factor kappa B by 
diesel exhaust particles in mouse epidermal cells 
through phosphatidylinositol 3-kinase/Akt 
signaling pathway [29]. Evidence of Lung injury 
in our study was shown by elevated albumin 
level in BALF. These findings coincided with 
previous studies [31,32].   

 
As regards use of MSCs and MSCs-MVs, results 
of this study showed that both treated rat groups 
showed significant amelioration of the 
histological picture of lung tissue injury, 
significant decrease in inflammatory cytokines; 
IL-6 and TNF-a and significant decrease in 
albumin and increase in LDH levels in BALF. 
These observations could be attributed to the 
anti-inflammatory and immunomodulatory 
capacity of MSCs [5, 9]. Willis et al. [33] reported 
that MSCs-derived EVs; one type of extracellular 
vesicles significantly blunt inflammation, 
decrease fibrosis, and improve pulmonary 
functions in experimental bronchopulmonary 
dysplasia. MSCs- MV mechanism of action 
involves suppression of the pro-inflammatory 
state and switch to an anti-inflammatory state via 
modulation of macrophage functions in lung 
tissues. These facts could explain our findings of 
decreased markers of lung injury which treated 
by MSCs-MS; albumin as well as decreased 
inflammatory cytokines, inflammatory cells 
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infiltration of the lung and increase LDH with 
subsequent increase in elastic fibers and 
decrease in alveolar wall thickness.  
 

MSC-MVs have many therapeutic effects in 
different diseases, as renal injury, brain injury, 
heart injury and lung injury [34]. The therapeutic 
ability of MSC-MVs has been studied in different 
disease models, showing a similar or even 
superior effect to MSCs themselves [35-36] 
which has showed in our result. 
 

Recent studies on MSC-MVs in preclinical 
experimental models of inflammatory lung 
diseases have shown that they could be               
safely and easily used in lung disease therapies 
[37]. 
 

5. CONCLUSION 
 

In Conclusion, MSCs-MVs and MSCs showed 
significant protective effects against DENPs 
damaging effects on the lung tissues via their 
regenerative capacity and anti-inflammatory 
effects. 
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