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SUMMARY
Pharmacological research using Lipopolysac-

charide (LPS) is a reliable model of acute lung in-
jury. This study aims to compare the therapeutic 
efficacy of selenium nanoparticles (SeNPs) and 
bone-marrow-derived mesenchymal stem cells 
(BMSCs) against lung damage generated by li-
popolysaccharides. Fifty adult male albino rats 
were employed and divided into 5 groups (control 
group, shame control group, LPS-treated group, 
SeNPs-treated group, and BMSCs-treated group). 
Histological and immunohistochemical staining 
for tumor necrosis factor-alpha (TNFα), Interleu-
kin 6 (IL-6), and Caspase 3 were carried out and fol-
lowed by histomorphometric analysis. Histochem-
ical measurements of the oxidative-antioxidative 
markers, superoxide dismutase (SOD), glutathione 
peroxidase (GPx), and malondialdehyde (MDA) 
were performed in addition to western blotting 
analysis to detect the antioxidative activity of Nrf2.

LPS-treated group showed distorted pulmonary 
architecture with the upsurge in the caspase-3, 
TNF-α, IL-6, and MDA along with a significant de-
crease in GPx, SOD, and Nrf2 in the lung homog-
enates. These findings were relatively improved 
after adding SeNPs and stem cells. On comparing 
BMSCs and SeNPs treated group, there was a sig-
nificant decrease in caspase-3, TNF-α, and IL-6 
with BMSCs treatment relative to SeNPs. Treat-
ment with selenium nanoparticles and BMSCs 
has improved pulmonary changes through their 
antioxidant and anti-inflammatory role. The level 
of pulmonary regeneration exerted by BMSCs is 
better than selenium nanoparticles so the BMSCs 
may be given preference for a particular course of 
treatment.
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INTRODUCTION
Many bacterial and viral illnesses are known 

to frequently target the lungs (Gholamnezhad et 
al., 2022). Acute respiratory distress syndrome 
(ARDS) is a common consequence of acute lung 
injury (ALI) with limited effective therapeutic op-
tions (Tian et al., 2022).

Lipopolysaccharide (LPS) is a popular pathogen-
ic endotoxin utilized to create ALI pharmacologi-
cal research models. In LPS-induced ALI, there 
is an increase in reactive oxygen species (ROS) 
generated by neutrophils and activated macro-
phages sequestered in the pulmonary vasculature 
(Mokhtari-Zaer et al., 2020; Peng et al., 2022).

Vijayakumar et al. (2022) observed that sele-
nium has a key function in balancing the redox 
system and proper functioning of the immune 
system. Selenium nanoparticles (SeNPs) attract-
ed a lot of attention because of their novel char-
acteristics such as high surface area and lower 
risk of selenium toxicity. SeNPs have been shown 
in numerous studies to exhibit anti-inflammato-
ry properties, anticancer effects, and a potential 
preventive agent both in vivo and in vitro and an-
ticancer effects.

Mesenchymal stem cells (MSCs) are extracted 
from adult organs such as bone marrow, fat, and 
umbilical cord blood. They can preserve and re-
generate mesenchymal tissues through differen-
tiation into many lineages, such as adipose tissue, 
bone, cartilage, and muscle (Gebraad et al., 2022).

The present study was assigned to study the 
histological, immune-histochemical, and histo-
chemical adverse changes of the lung of adult al-
bino rats following lipopolysaccharide- induced 
lung injury and to evaluate the therapeutic effi-
cacy of stem cells versus nano-selenium against 
such changes.

MATERIALS AND METHODS

Animals

Fifty adult male Sprague-Dawley albino rats 
weighing 180-220 g were used in this study. Be-
fore administering the medication, the rats were 
given two weeks to get used to the lab environ-

ment. Each of the five rats was kept in a separate 
cage. The Animal and Experimental House, Cairo 
University’s Faculty of Medicine, was the site of 
the experiment. The animals were treated fol-
lowing the standards that Cairo University’s In-
stitutional Animal Care and Use Committee (IA-
CUC) approved under protocol number CU III F 
52 20. Throughout the trial, the animals had un-
limited access to water and a standardized labo-
ratory meal.

Chemicals

Lipopolysaccharides (LPS): 100 ml solution was 
obtained from Sigma-Aldrich Chemical Co. Egypt. 
It was given as a single dose of 0.5 mg /kg by IP 
injection (Dos Santos Haupenthal et al., 2020), 
Selenium nanoparticles (SeNPs): were purchased 
from Nanotech. Egypt as a powder of 100 g dis-
solved in 100 ml ethanol solution. It was adminis-
tered at a dose of 0.5 mg/kg daily for five consecu-
tive days by IP injection (Shahabi et al., 2021), and 
Fluorescent labeled BMSCs: were obtained from 
the Biochemistry Department, Faculty of Medi-
cine Cairo University at a concentration of 1x106 
unit /ml. It was given as a single dose of (1×107) 
BMSCs diluted in 200 µL PBS by injection into the 
tail vein (Feng et al., 2019).

Isolation, culture, and labeling of BMSCs

To separate BMSCs, xylazine and ketamine in-
jections intraperitoneally were used to anesthe-
tize the hamsters. They were trypsinized twice to 
extract a sufficient number of cells (Zhang et al., 
2014). Red fluorochrome PKH26 was used to label 
undifferentiated MSCs following manufacturer 
instructions (Sigma, Saint Louis, Missouri, USA). 
The labeled cells appeared as red spots under 
an x100 magnification fluorescence microscope 
(Leica-Germany).

Experimental design

The rats were randomly allocated into 5 groups 
(10 rats each), Group I (normal Control): which re-
ceived nothing, then the rats were sacrificed on 
the 7th day of the experiment, Group II (sham con-
trol) which were further subdivided into two sub-
groups, Subgroup a: 5 rats which received a single 
dose of 0.5 ml/kg normal saline (solvent of LPS) 
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by intraperitoneal (IP) injection, the rats were 
sacrificed on the 7th day of the experiment, and 
Subgroup b: 5 rats which received a single dose of 
0.5ml/kg normal saline by IP injection.

Twenty-four hours later the rats were given eth-
anol at a daily dose of 0.5 ml/kg (solvent of nanose-
lenium) for 5 consecutive days by IP injection, the 
rats were sacrificed on the 7th day of the experi-
ment, Group III (LPS treated group) which received 
LPS as a single dose of 0.5 mg /kg by IP injection 
on the first day of the experiment (Dos Santos 
Haupenthal et al., 2020), the rats were sacrificed 
on the 7th day of the experiment, Group IV (LPS & 
SeNPs treated group) which were given LPS as a 
single dose of 0.5 mg /kg by IP injection on the 
first day of the experiment. Twenty-four hours 
later the rats were given selenium nanoemulsion 
at a daily dose of 0.5 mg/kg for five consecutive 
days by IP injection (Shahabi et al., 2021); the rats 
were sacrificed on the 7th day of the experiment. 
Group V (LPS & Stem cell treated group), which 
were given LPS as a single dose of 0.5 mg/kg by IP 
injection on the first day. Twenty-four hours later 
the rats were given a single dose of (1×107) BM-
SCs diluted in 200 µL PBS by injection into the tail 
vein (Feng et al., 2019); the rats were sacrificed on 
the 7th day of the experiment.

At the end of the experiment (24 hours after the 
last dose of Selenium nanoparticles), the rats of 
each group were anesthetized by intraperitone-
al injection of phenobarbital sodium 40 mg/kg 
(Laferriere and Pang, 2020). Then the rats were 
sacrificed by cervical dislocation and the lung 
was excised and dissected. Fresh lung specimens 
were taken for histochemical study to measure 
the oxidative markers in the lung homogenates. 
The remaining portion was fixed in 10% buffered 
formol saline and ready for paraffin block prepa-
ration. Five µm thick semi-serial sections were 
cut and subjected to:

Light microscopic study

Lung sections of each rat were stained with He-
matoxylin and Eosin stain for routine histological 
examination, and unstained sections were used to 
detect fluorescent labeled BMSCs under the fluo-
rescent microscope.

Immunohistochemical study

Anti-tumor necrosis factor-alpha and anti-In-
terleukin 6 antibodies were used (Sigma- Aldrich 
chemical company, Egypt at a dilution 1:100) to 
detect the pro-inflammatory cytokines, tumor ne-
crosis factor-alpha (TNFα) and interleukin 6 (IL6) 
(García-García et al., 2022). Anti-caspase 3 rabbit 
monoclonal antibody was also used (Abcam Com-
pany, Cairo, Egypt, Catalog, ab184787 at a dilution 
1:1000) to detect the apoptosis marker, caspase-3 
(Ayoub and El Beshbieshy, 2016).

Histochemical study

Superoxide dismutase (SOD) and Glutathione 
peroxidase (GPx) activities in lung tissue homog-
enate were measured as an oxidative marker by 
the inhibition of nitroblue tetrazolium reduction 
by O2-generated by the xanthine/xanthine oxi-
dase system (Arab Sadeghabadi, et al., 2019) by 
the method of Lowry et al. (1951) using BSA as a 
standard. Malondialdehyde (MDA) level in lung 
tissue homogenate was measured as an index of 
lipid peroxidation in tissues. Its level was estimat-
ed with the Thiobarbituric acid (TBA) method (De 
Leon and Borges, 2020). 

Western Blotting analysis: to detect the antiox-
idative activity of Nrf2, the total protein of lung 
tissues and cells was extracted, and the protein 
concentrations were determined using the BCA 
Protein Assay Kit (Beyotime, China) (Yang, et al., 
2019). 

Morphometric measurements

Quantitative study was obtained with the aid of J 
image analysis (IMD, USA) and Lica Qwin 500 LTD 
(England) using the software Quin 500 (England). 
The study involved assessment of thickness of 
inter-alveolar septa in (μm) and the area percent 
of immunohistochemically positive structures in 
TNFα, IL6, and caspase 3 immunohistochemically 
stained sections.

Statistical analysis

SPSS version 21.0 (IBM Corporation, Somers, 
NY, USA) was employed for the statistical analysis. 
The information was presented as means ± stan-
dard deviation. ANOVA testing and Bonferroni 
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pairwise comparisons were used for statistical 
evaluation. P values less than 0.05, were regard-
ed as significant; when they were less than 0.001, 
they were considered extremely significant (Ar-
mitage et al., 2008).

RESULTS
There was no mortality noticed in the rats of the 

four groups of the experiment.

Histological results (Fig. 1)

H&E-stained lung sections of groups I and II 
revealed normal spongy pulmonary architecture 
consisting of several variable-sized patent alveo-
li and alveolar sacs separated by thin interalveo-
lar septa. The alveoli were lined by two types of 
pneumocytes: flat squamous epithelial cells with 
flattened nuclei (pneumocyte Type I) and large 
cuboidal cells with rounded nuclei (pneumocyte 
Type II). Thin-walled respiratory bronchioles and 

small branches of the pulmonary arterioles were 
seen among the alveoli within the pulmonary pa-
renchyma.

The LPS-treated group’s lung sections displayed 
severely deformed pulmonary architecture, includ-
ing collapsed alveoli and noticeably thicker inter-al-
veolar septa packed with extravasated red blood 
cells and mononuclear inflammatory cells. Large ir-
regular emphysematous air gaps and dilated alveoli 
with ruptured interalveolar septa were observed in 
certain regions. Some specimens had extensive al-
veolar and interstitial hemorrhage. Many detached 
alveolar epithelial cells were observed in the alveo-
lar lumen. Massive peri-bronchial cellular infiltra-
tion and extensive exfoliation of the lining epithelial 
cells were indicative of bronchiolar affection. Addi-
tionally, there was a noticeable interstitial eosino-
philic exudate and vascular congestion.

Sections of the lungs of the SeNPs-treated group 
showed marked improvement in the pulmonary 

Fig. 1.- Lung sections of different groups. Groups I & II: (a) showed normal pulmonary architecture consisting of alveolar sacs (AS), 
alveolar ducts (AD), alveoli (A), thin inter-alveolar septa (arrow). Thin-walled blood vessels (BV) and respiratory bronchiole (B). (b) 
alveolar lining consisting of pneumocytes type I with flat nucleus (arrow) and pneumocytes type II with rounded nucleus (dashed ar-
row). (c) bronchioles lining formed of simple columnar epithelial cells (E) with goblet cells (arrow) and surrounded by smooth muscle 
layer (M). Group III: (d) distorted pulmonary architecture in the form of collapsed alveoli (curved arrow), dilated alveoli (straight 
arrow), thick inter-alveolar septa (stars) studded with extravasated RBCs (R) and mononuclear inflammatory cells (thick arrow). (e) 
area of ruptured interalveolar septa (star) with large irregular emphysematous air space (E). Detached alveolar epithelial cells in 
the alveolar lumen (arrows). (f) massive peri-bronchial cellular infiltration and extravasated RBCs (arrows) with exfoliation of the 
bronchial epithelial cells lining (Ex). Group IV: (g, h) partial improvement of pulmonary architecture apart from few thickened inter-
alveolar septa (thick arrow) with minimal mononuclear cellular infiltration and extravasated RBCs (R). Few areas of ruptured inter-
alveolar septa with large emphysematous air spaces (E). (i) showed minimal sloughing of the bronchial epithelium (arrows). Group V 
( j, k, l) showed nearly complete restoration of the normal pulmonary tissue. Scale bars: a, d, g, j = 200 µm; b, c, e, f, h, I, k, l = 50 µm.
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architecture. The lung parenchyma was nearly re-
covered: apart from mild inflammatory infiltrate 
aggregates, few areas of ruptured interalveolar 
septa with large irregular emphysematous air 
spaces, some interalveolar septa are still thick-
ened with minimal mononuclear cellular infiltra-
tion, and extravasated RBCs and minimal slough-
ing of bronchial epithelium.

The lungs of rats treated with stem cells dis-
played improvement in the bronchial and arteri-
olar architecture.

Immunohistochemical results (Fig. 2)

Caspase-3: The control group showed nega-
tive caspase-3 immuno-expression. Meanwhile, 
the LPS-treated group revealed strong positive 
caspase-3 immuno-reactivity. On the other hand, 
a marked reduction of apoptotic cells with mod-
erate caspase-3 positive cells was observed with 
SeNPs treatment. Few positive caspase-3 immu-
nostaining was noticed with stem cell treatment.

TNF-α: Immunoreaction to TNF-α showed 
minimal expression in the cytoplasm of alveolar 
pneumocytes type I and type II of the control and 

sham control groups. There were strongly posi-
tive TNF-α immunostaining cells detected in the 
alveolar cells of the LPS group. Mild active TNF-α 
immunostaining cells were seen in the pneumo-
cytes of the SeNPs-treated group. The positive 
TNF-α immunostaining cells were limited in the 
stem cells treated group.

Interleukin -6: Immunoreaction to IL-6 was 
negative in the control and sham groups. While 
the LPS-treated group showed an intense IL-6-ex-
pressed reaction. On the other hand, the positive 
IL-6 immunostaining cells were moderate in sec-
tions of the SeNPs-treated group, and nearly neg-
ative in the stem cells-treated group.

Histochemical results

MDA: a statistically significant rise in the MDA 
level was seen in the lung homogenates of the 
LPS group. By contrast, treatment with SeNPs in 
group IV and BMSC in group V showed a statis-
tically non-significant rise in comparison to the 
control and sham groups. The difference in MDA 
level between groups IV and V was statistically not 
significant (Bar chart 1).

Fig. 2.- Photomicrograph of different lung sections stained by anti-caspase-3, anti TNF-α and anti-IL-6 showing various cytoplas-
mic reaction, Both control and stem cells treated groups showed minimal positive anti caspase reaction (a, d), anti TNF-α reaction 
(e, h) and anti-IL-6 reaction (i, l). LPS group showed marked positive anti caspase reaction (b), anti TNF-α reaction (f) and anti-IL-6 
reaction ( j). (c) Selenium treated group showed moderate positive anti caspase reaction (c), anti TNF-α reaction (g) and anti-IL-6 
reaction (k). Scale bars = 50 µm.
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SOD: SOD activity showed a highly sig-
nificant decrease in the LPS-treated group. 
Treatment with SeNPs in group IV and BMSC in 
group V showed a non-significant decline relative 
to the control and sham groups. While comparing 
the same values between group IV and group V 
revealed a statistically non-significant difference 
(Bar chart 2).

GPx: GPx activity showed a highly significant de-
crease in the LPS-treated group. Treatment with 
SeNPs in group IV and BMSC in group V showed a 
non-significant decline relative to the control and 
sham groups. While comparing the same values 
between group IV and group V revealed a statisti-
cally non-significant difference (Bar chart 3).

Bar chart 2. Mean area % ± SD of SOD activity in the different experimental groups. ** Statistically highly significant P value ≤ 0.001 
compared to control group. #: highly significant compared to LPS group.

Bar chart 1. Mean area % ± SD of MDA level in the different experimental groups. Using ANOVA followed by Bonferroni pairwise com-
parisons, **: Statistically highly significant P value ≤ 0.001 compared to control group. #: highly significant compared to LPS group.
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Western blot assay: Assessment of the rela-
tive expression of Nrf2 showed a highly signifi-
cant decrease in the LPS-treated group relative 
to the control and sham groups. Treatment with 
SeNPs in group IV and BMSC in group V showed 
a non-significant decline relative to the control 
and sham groups. Comparing the same values be-
tween group IV and group V revealed a statistical-
ly significant increase in the relative expression of 
Nrf2 in group V (Bar chart 4).

Morphometric results

Thickness of interalveolar septa in the lung tissue: 
Thickness of interalveolar septa revealed a highly 
significant increase in the LPS-treated group. Treat-
ment with SeNPs in group IV and BMSC in group V 
revealed a statistically non-significant increase rel-
ative to the control and sham groups. Comparing the 
same values between group IV and group V revealed 
a non-significant difference (Bar chart 5).

Bar chart 4. Mean area % ± SD of relative expression of Nrf2 in the different experimental group. *: Statistically significant P value 
≤ 0.05 compared to control group. ** Statistically highly significant P value ≤ 0.001 compared to control group. #: highly significant 
compared to LPS group. $: Statistically significant compared to SeNPs group

Bar chart 3. Mean area % ± SD of GPx activity in the different experimental groups. ** Statistically highly significant P value ≤ 0.001 
compared to control group. #: highly significant compared to LPS group.
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Area percentage of caspase 3 immuno-reactivity: 
The histomorphometric study of caspase 3 im-
muno-expression revealed a highly statistically 
significant increase in the LPS-treated group rela-
tive to the control and sham groups. On the other 
hand, treatment with SeNPs in group IV and BMSC 
in group V revealed a statistically non-significant 
increase. Comparing the same values in groups IV 
and V revealed a statistically significant decrease in 
the mean area of caspase 3 in group V (Bar chart 6).

Area percentage of TNF-α immune expression: The 
histomorphometric study of TNF-α immune ex-
pression revealed a highly significant increase in 
the LPS group. Treatment with SeNPs in group IV 
and BMSC in group V revealed a non-significant 
increase relative to the control and sham groups. 
At the same time, comparing the same values be-
tween group IV and group V revealed a statistical-
ly significant decrease in group V relative to group 
IV (Bar chart 7).

Bar chart 5. Mean area % ± SD of thickness of interalveolar septa in the different experimental groups. ** Statistically highly signif-
icant P value ≤ 0.001 compared to control group. #: highly significant compared to LPS group

Bar chart 6. Mean area % ± SD of caspase 3 immunoexpression of in the different experimental groups. *: Statistically significant 
P value ≤ 0.05 compared to control group. ** Statistically highly significant P value ≤ 0.001 compared to control group. #: highly 
significant compared to LPS group. $: Statistically significant compared to SeNPs group.
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Area percentage of IL-6 immuno-expression: The 
histomorphometric study of IL-6 immuno-ex-
pression revealed a highly significant increase 
in the LPS group. Treatment with SeNPs in group 
IV and BMSC in group V revealed a statistically 
non-significant increase relative to the control 
and sham groups. At the same time, comparing 
the same values between group IV and group V re-

vealed a statistically significant decrease in group 

V relative to group IV (Bar chart 8).

DISCUSSION
This study investigated the effects of BMSC ther-

apy versus SeNP administration on lipopolysac-

charides-induced lung injury.

Bar chart 7. Mean area % ± SD of TNFα immunoexpression in the different experimental groups. *: Statistically significant P value 
≤ 0.05 compared to control group. ** Statistically highly significant P value ≤ 0.001 compared to control group. #: highly significant 
compared to LPS group. $: Statistically significant compared to SeNPs group

Bar chart 8. Mean area % ± SD of IL6 immunoexpression in the different experimental groups. *: Statistically significant P value ≤ 
0.05 compared to control group. ** Statistically highly significant P value ≤ 0.001 compared to control group. #: highly significant 
compared to LPS group. $: Statistically significant compared to SeNPs group
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In this study, the administration of lipopolysac-
charides (LPS) resulted in numerous pathological 
changes in the lung’s histological architecture, 
which manifested as focal areas of collapsed al-
veoli, damaged alveoli, and a noticeable thicken-
ing of the interalveolar septa that were invaded 
by inflammatory cellular aggregates. Our finding 
was established by Zhang et al. (2018) and Wu et 
al. (2019), who found serious pulmonary lesions 
such as thickening of the alveolar wall and exten-
sive inflammation after LPS administration. This 
comes in agreement with Domscheit et al. (2020), 
who attributed those LPS-induced changes to the 
lung’s production of cytokines, which causes neu-
trophil infiltration and lung damage.

This work revealed fluid exudates between 
some alveoli and around blood vessels in group 
III. These results were matched with Badamjav 
et al. (2020), who suggested these histopatholog-
ical changes to troubles in vascular permeability 
brought on by the LPS toxicity. In this research, 
sporadic areas in the lung of group III revealed 
increased goblet cells in the bronchi. Some writ-
ers have suggested that bronchial inflammation 
can cause augmented mucus secretion as a result 
of chronic bronchitis and lung parenchyma loss, 
which can lead to emphysema (Raafat et al., 2018). 
Mononuclear cellular infiltration was another his-
tological finding in the LPS-treated group. This 
comes in agreement with Mokhber Dezfouli et al. 
(2018), who found inflammation and lymphocytic 
infiltration in lung tissues treated with LPS. The 
same authors attributed these findings to oxida-
tive damage and ROS; superoxide anion and hy-
droxyl radicles induced by LPS.

This immunohistochemical study revealed a 
highly significant increment in the area percent 
of caspase3 reaction in the lung tissue of group 
III (LPS-treated) rats. This result matches that ob-
tained by Ye et al. (2020), who suggested that ROS 
induced by LPS causes an inflammatory response 
with many macrophages, inhibition of mitochon-
drial function, and results in DNA damage and 
apoptosis.

As regards pro-inflammatory cytokines in the 
lung, the present work revealed a highly signif-
icant increase in TNF-α and IL-6 immune reac-
tions. The existing study illustrated that MDA level 

(the lipid peroxidation end product), was signifi-
cantly increased in group III (LPS- treated group). 
These findings come in parallel to the results of 
Soliman et al. (2018) and Liu et al. (2022), who 
mentioned that pulmonary MDA displayed a sig-
nificant increment in the LPS- injected group. The 
last authors explained that the increase in MDA 
could be attributed to the depletion of the antiox-
idant system. Our results come with a reduction 
in SOD activity in the lungs in the LPS group. This 
may be explained by the significant inflow of su-
peroxide radicals, which in turn produce a lot of 
H2O2 and subsequently impede SOD activity. This 
finding comes in agreement with Sha et al. (2019), 
who reported a significant decrease in SOD activi-
ty of the liver treated with LPS.

Morphometrically, the LPS group’s interalveolar 
septa showed a statistically significant increase 
in thickness. This finding is coinciding with that 
of dos Santos Haupenthal et al. (2020), who stat-
ed that, after intraperitoneal administration of 
LPS, there was an increment in the alveolar wall 
thickness. This observation may be explained by 
a notable cellular infiltration, particularly in the 
perivascular and peribronchiolar regions, where 
there is increased collagen deposition, signifying 
fibrosis. Our results revealed a decrement in the 
relative expression of Nrf2 in the lung homoge-
nates of the LPS-treated group. Zhang et al. (2018) 
and Yang et al. (2019) reported comparable results 
in mouse and duck lung tissues, respectively. Sun 
et al. (2021) also reported the involvement of the 
Nrf2-ARE pathway in acute and chronic lung in-
jury. Similarly, Liu et al. (2022) observed that LPS 
decreased the Nrf2-ARE signaling

The histological findings of the current study 
illustrated that SeNPs treated rats (group IV) re-
vealed marked improvement of the pulmonary 
architecture, nearly normal lung parenchyma 
together with few still degenerated emphysem-
atous areas. Some inflammatory infiltrate and 
minimal extravasated RBCs were still present. 
This is concordant with Shahabi et al. (2021), who 
postulated that by lowering the levels of TNF-a 
and TGF-b, SeNPs can release inflammation. 
Also, the last authors found that nanoparticles’ 
ability to withstand enzymatic breakdown is 
linked to increased bioavailability and decreased 



Mohamed Z. Kotb et al.

67

drug clearance. Furthermore, sustained release 
profiles and decreased toxicity are linked to na-
no-sized drug delivery systems. In this research, 
a marked reduction of apoptotic cells with mod-
erate caspase-3 positive cells was observed in 
SeNPs-treated rats (group IV). Al-Kahtani and 
Morsy (2019) found that SeNPs could induce the 
anti-apoptotic protein Bcl-2 level in the liver tis-
sue of the Aluminum Chloride-SeNPs rat group. 
Regarding the inflammatory markers, the immu-
no-histological and immunohistochemical study 
of group IV revealed that the positive TNF-α im-
muno-stained cells showed a highly statistically 
significant decrease relative to the LPS-treated 
group. This is consistent with earlier research of 
Zaafan et al. ( 2016) and El-Ghazaly et al. 
( 2017), who showed that SeNPs have anti-in-
flammatory properties and were able to dra-
matically lower the level of TNF-a and relieve 
radiation-induced inflammatory response in ex-
perimental animals. Additionally, our findings 
were also established by a recent study conduct-
ed by Gad et al. ( 2021), and demonstrated a sig-
nificant reduction in the inflammatory markers 
TNF-α, TGF, IL-6, and IL-2 in the SeNP- treated 
HepG2 cell lines. The histological outcomes of this 
study exhibited that stem cells treated rats (group 
V) revealed an improved histological picture. 
This matches the results of Soliman et al. (2018), 
who indicated that BMMSCs resulted in normal 
morphology of lung tissue via higher antioxidant 
enzyme activities and lower MDA levels and my-
eloperoxidase (MPO) activity in the MSC recipient 
groups.

The histomorphometric study of the thickness 
of interalveolar septa revealed a statistically sig-
nificant decrease in both SeNPs and stem cells 
treated groups. Moreover, the stem cell group re-
vealed a noticeable diminution compared to the 
SeNPs-treated group.

This comes in agreement with those of Shalaby 
et al. (2014) and Zakaria et al. (2021) who attribut-
ed this finding to the anti-inflammatory effect of 
MSCs. Our results proved that stem cells migrat-
ed from the bloodstream to the lungs in the stem 
cell-treated group by fluorescent microscopic 
examination of the lung tissue and interalveolar 
spaces. Barry and Murphy (2004) stated that the 

exact process through which MSCs were guided to 
the tissues and moved across the endothelium is 
still unknown. However, it is more likely that the 
injured tissue expresses specific ligands or recep-
tors and releases a variety of chemotactic factors. 
The released factors facilitate traffic, adhesion, 
and infiltration of MSCs to the site of injury. Lu 
et al. (2017) mentioned that the improvement in-
duced by BMSCs, on acute necrotizing pancreati-
tis, was due to their regenerative effect on the in-
jured capillary endothelial cells and the increased 
expression of aquaporin 1. Wu and Tang (2021) 
and Flores et al. (2022) added that MSCs, in rats, 
secrete molecules that have local and distal an-
ti-inflammatory effects.

The present study showed very few active 
caspase-3 immunostaining cells in the stem-cells-
treated group, which indicate a marked reduction 
of apoptosis. Along the same line, El Bana and 
Shawky (2019) also reported a significant decline 
in the collagen fibers and caspase-3 expression in 
rats treated with stem cells after amiodarone lung 
toxicity. Decreased apoptosis in response to mes-
enchymal stem cell therapy has been reported by 
Li et al. (2016), Zhang and Shi (2017), and Song et 
al. (2017) in rat muscles, Schwann cells, and myo-
cardium, respectively.

The decreasing effect of BMSCs on MDA levels in 
the current study is consistent with the findings of 
Hu et al. (2021), who confirmed the ability of MSCs 
in tissue regeneration.

Regarding the oxidative/anti-oxidative stress 
markers in the present study, both SOD and GPx 
were significantly amplified in both SeNPs and 
stem cells treated groups. Furthermore, stem cell 
groups elucidated a significant increase in their 
levels than the SeNPs-treated group. The augment-
ing role of BMSCs on the SOD level, in this study, 
is in agreement with the results of Soliman et al. 
(2018) and Wu et al. (2022). The increasing effect 
of BMSCs, on GPx level also runs by the results of 
Maltaib et al. (2017) and Zhang and Shi (2017); all 
of these authors related this effect to the release of 
soluble growth factors from MSCs. AlKahtani and 
Morsy (2019) added that antioxidant indicators 
were found to be greatly replenished by SeNPs 
administered to rats injected with aluminum, ap-
proaching normal values. Since GPx is an enzyme 
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that depends on selenium (SeNPs), adding SeNPs 
to a supplement may increase the enzyme’s activ-
ity and content, which would then reverse oxida-
tive damage. Sentkowska and Pyrzyńska (2022) 
explained that SeNPs’ wide surface area and 
smaller size allow them to be exposed to more free 
radicals for electron exchange, which gives them 
strong antioxidant properties. As a result, SeNPs 
show strong scavenging activity against a variety 
of free radicals. In our study, assessment of Nrf2 of 
the SeNPs and stem cell groups revealed a signifi-
cant upsurge. This comes in agreement with Ni et 
al. (2015), who proved that Nrf2 activation served 
as the primary protective mechanism of nanose-
lenium particles. Song et al. (2017) stated BMSCs, 
as an activator of Nrf2, have a potent antioxidative 
effect. Nrf2 separates from KEAP-1 in response 
to the stimuli and attaches itself to ARE in the nu-
clear membrane. Antioxidative gene expression 
may then be encouraged as a result. Consequently, 
the biological impact of BMSCs may be pertinent 
to the removal of ROS via Nrf2 signaling. Anoth-
er confirmatory result was reported by Wang et 
al. (2022), who showed that the treatment of BNS 
increased the expression of Nrf2 and the genes 
that are downstream of it. This suggests that the 
Keap1-Nrf2-ARE pathway is activated by nanose-
lenium to reduce oxidative stress, inflammation, 
cytotoxicity, and maybe genotoxicity.

The current study’s findings supported earlier 
research’s descriptions of SeNPs’ potential ben-
efits against oxidative stress and their ability to 
prevent the generation of free radicals (Song et al., 
2017; Gad et al., 2021).

Our study concluded that treatment with sele-
nium nanoparticles and BMSCs has triggered 
significant improvement in the histological and 
biochemical pulmonary changes. The extent of 
pulmonary regeneration exerted by BMSCs is bet-
ter than selenium nanoparticles.
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