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ABSTRACT

Back ground: Pulmonary fibrosis is an irreversible disease with excessive scarring and fibrosis of
lung tissue. Glucocorticoid therapy of dexamethasone attenuates lung inflammation with
severe adverse effects. Subsequently, synthesizing Nano chitosan from chitosan macromole-
cule and loading dexamethasone onto Nano chitosan particles have shown improved phar-
macokinetics of dexamethasone. Purpose: The aim of this study was to prepare and characterize
dexamethasone Nano chitosan particles chemically and then to evaluate the effectiveness of
loading dexamethasone onto Nano chitosan as a treatment of pulmonary injury induced by
bleomycin-induced in C57BL/6 mice. Results: This study elucidated significant elevations of
serum malondialdehyde and lactate dehydrogenase with an increased lung tissue inflamma-
tory mediators, collagen profile, Caspase-3, and MUC5AC gene expressions. This was accom-
panied by a significant elevation in total and differential leukocyte counts in bronchoalveolar
lavage fluid. Besides, there were recognized histological and histopathological alterations in
lung tissue sections following both 14 and 28 days of bleomycin instillation. Consequently,
treatment of lung injury by dexamethasone alone or dexamethasone loaded onto Nano
chitosan particles revealed a significant reduction of MDA and LDH, a decline in lung tissue
inflammatory mediators, collagen profile, Caspase-3, and MUC5AC gene expressions. This was
accompanied by a significant reduction in total and differential leukocyte counts in bronch-
oalveolar lavage fluid. However, loading dexamethasone onto Nano chitosan provided novel
insights in pulmonary injury treatment
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1. Introduction attenuating the extent of the pulmonary disorder [6].

Pulmonary fibrosis (PF) is the most common inter-
stitial lung disease that affects over five million people
worldwide. It leads to the replacement of healthy lung
tissue by fibrous connective tissue [1]. Moreover, pul-
monary fibrosis is characterized by the replacement of
normal alveolar space by mesenchymal cells and extra-
cellular matrix [2]. It is assumed that inflammatory
cells enter the lung and together with resident lung
cells release mediators that stimulate fibroblast prolif-
eration and collagen deposition within the lung inter-
stitium. In addition, PF affects lung gas exchange
causing severe respiratory failure and death [3].
Bleomycin (BLM) is a chemotherapeutic agent of
glycopeptide antibiotics that is clinically used for the
management of many human malignancies [4].
However, intra-tracheal instillation of BLM in rodents
is a well-established, widely accepted used model of lung
fibrosis since it closely resembles the human fibrotic lung
disease [5]. Inflammation and reactive oxygen species are
important factors in bleomycin-induced pulmonary
fibrosis, and inhibiting these factors might help in

Hence, dexamethasone (DEX) is a synthetic well-
known extensively used glucocorticoid with therapeutic
activity in pulmonary diseases [7]. It is well documented
that DEX attenuated BLM-induced lung fibrosis [8]. It
has anti-inflammatory and immunosuppressive proper-
ties [9]. The main anti-inflammatory effect of dexa-
methasone is to inhibit a pro-inflammatory gene that
encodes for chemokines, cytokines, cell adhesion mole-
cules, and the acute inflammatory response [10]. In
addition, DEX stabilizes the lysosomal membrane and
prevents the release of proteolytic enzymes released dur-
ing the inflammatory process [11]. However, DEX
administration can cause several side effects either at
high doses or after long-term use. Insulin resistance,
hyperglycemia [12], weight change, hypertension, and
hyperlipidemia are considered to be the primary adverse
metabolic changes strongly associated with DEX treat-
ment [13].

Therefore, new drugs with improved treatment
efficacy and fewer side effects are urgently needed
[14]. Nanomedicines can readily interact with
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biomolecules on both the cell surface and within the
cell [15]. Nano chitosan (NCs) particles were consid-
ered as harmless polymer-carriers for the delivery of
different various drugs [16].

The use of chitosan nanoparticles synthesized from
chitosan as potential carriers for DEX sustained pul-
monary drug delivery to the lungs and improved the
pharmacological properties of the traditional drug dex-
amethasone diminishing its systemic side effects [17].
The smaller size of the drug-loaded on Nano chitosan
allows it to extravasate from circulation where they can
then deliver encapsulated dexamethasone to the lungs
directly [18]. In addition, controlled release of the car-
ried drug offered an effective way to optimize the bioa-
vailability of the drug with minimal side effects [19].

The present study aims to prepare Nano chitosan
particles from the biological macromolecule chitosan,
then load dexamethasone on Nano chitosan particles.
This was followed by chemical characterization of the
novel dexamethasone Nano chitosan particles before
and after loading with DEX to confirm the loading of
DEX on Nano-chitosan particles. In addition, in
vivo evaluation of the therapeutic effectiveness of loading
dexamethasone on Nano chitosan particles as a novel
modification compared to the traditional treatment by
dexamethasone alone through decreases the side effects
of bleomycin-induced pulmonary injury in mice model.

2. Materials

2.1. Chemicals Nano chitosan particles (NCs) as
a carrier system for dexamethasone

Chitosan (Cs¢H;¢3NgO39) is a white powder that was
purchased from Sigma-Aldrich, USA. Nano chitosan
was prepared from Chitosan powder by dissolving 0.2
g of Chitosan in 100 ml acetic acid and sonicating for
15 minutes using Sonics Vibra Cell (Sonics &Materials
Inc). It was then dried at room temperature and the
sample was ground to fine powder according to the
method of [20] (2009) and [21] et al. (2017). 0.1 g of
Nano-chitosan was swelled in 3 ml distilled water and
3 ml ethanol (1:1, water: ethanol) for 30 minutes then
loaded with 0.006 g of dexamethasone and left for
drying at room temperature for 24 hours. Dose selec-
tion for DEX was based on the calculation of the
equivalent human therapeutic dose [22].

2.2. Chemical characterization for the new
compound (DEX-NCs)

2.2.1. Scanning electron microscope (SEM)

The surface morphology of the Nano chitosan with
and without DEX was examined by scanning electron
microscope (SEM) using JEOL JXA 840A electron

microprobe analyzer [JOEL USA Inc, Peabody, MA,
National Research Center (QUANTA FEG250)] on
aluminum stubs and coated with a thin layer of palla-
dium-gold alloy.

2.2.2. Transmission electron microscope (TEM)

A transmission electron microscope (TEM, JEOL-
2100) operating at 200 kV with a resolution of 0.14
nm was specifically used to dedicate the shape and the
particle size of Nano chitosan. 10-20ul of Nano chit-
osan was put in 50ml water: ethanol (1:3) and soni-
cated for 15 minutes, then removed from the solution
by filtration and the samples of Nano chitosan before
and after loading with DEX were examined under the
transmission electron microscope.

2.2.3. Energy-dispersive X-ray analysis (EDXA)
Energy dispersive x-ray analysis was carried out to
detect the elemental analysis and identify DEX and
its loading on Nano chitosan samples

2.2.4. Fourier transform infrared spectroscopy
(FTIR)

The  chemical structural characteristics  of
Dexamethasone, Nano chitosan, and DEX-chitosan
nanoparticles were investigated through Fourier trans-
form infrared spectroscopy (FTIR spectra analysis).
They were taken in KBr pellets using Jasco FT/IR
6100 instrument. Bands were recorded in the range
of 4000-500 cm ™.

2.3. In vivo animal studies and experimental
design

Specific pathogen-free, 8-10 week old male C57BL/6
mice weighing 20-25 grams were purchased from the
animal house of the Faculty of Agriculture, Alexandria
University.They have housed in wire mesh laboratory
animal cages. Each cage was provided with a mesh
drawer for collecting and removing wastes which were
done daily. Animals were kept under standard labora-
tory conditions (room temperature 20-25°C, 50-60%
relative humidity, with natural day/night light cycle).
Water and food were available ad libitum. Animals
were allowed for 7 days as a pre-experimental period
to adapt to the laboratory conditions. All animal proce-
dures were performed following the guidelines for the
care and use of experimental animals established by the
Committee of the Purpose of Control and Supervision
of Experiments on Animals (CPCSEA) and the National
Institutes of Health (NIH) protocol approved by the
Faculty of Agriculture, Alexandria University. A total
number of 80 male C57BL/6 mice were divided into
five groups each consisting of 16 animals. The first
group served as the normal control (NC) group that
received distilled water. The second group was the



dexamethasone (DEX) group that was injected intraper-
itoneally with dexamethasone at a dose of 0.45 mg/kg
body weight/ day for 28 days. The third group served as
the bleomycin (BLM) group that received a single intra-
tracheal dose of 1 mg bleomycin/kg body weight. The
fourth experimental group was the bleomycin group
that received a single intra-tracheal dose of 1 mg bleo-
mycin/kg body weight and then was treated with
0.45 mg/kg dexamethasone (BLM/DEX) for 28 days.
The fifth group was the bleomycin group that received
a single intra-tracheal dose of 1 mg bleomycin/kg body
weight and then was treated with 0.45 mg/kg dexa-
methasone Nano chitosan particles (DEX-NCs) for
28 days. After 14 days 40 animals representing 8 mice)
from each experimental group were dissected followed
by another 40 animals after 28 days.

2.3.1. Blood sampling

After 14 days and 28 days, animals were autopsied
through diethyl ether (Sigma, USA) inhalation
anesthesia, after which animals were carefully dis-
sected. Blood was collected by cardiac puncture in
centrifuge tubes left to clot and centrifuged at
3000 rpm for 20 minutes.

2.3.2. Determination of serum lactate
dehydrogenase and malondialdehyde

Serum was divided into small aliquots and stored at
-20°C until analysis. Serum was then used for the
determination of the Lactate dehydrogenase enzyme
in serum according to the method of Caraway [23] and
malondialdehyde content (MDA) according to the
method of Kei [24]. Commercial kits were purchased
from Randox, U.K

2.3.3. Tissue sampling

Animals were sacrificed lungs were immediately
excised, washed with ice-cold saline. A part of each
left lung was homogenized in phosphate buffer saline
solution pH7.4 (10% w/v) with a homogenizer MPW-
302 Poland. Lung homogenates were centrifuged at
(4000 rpm at 4°C for 15 min). Supernatants were
frozen at —80°C.

2.3.3.1. Inflammatory mediators. Lung homoge-
nates were used for the determination of mice Tumor
Necrosis Factor- o (TNF-a, Transforming Growth
Factor p1 (TGF-P1), Nuclear Factor (NFkB), and
Matrix Metalloproteinase 2 enzyme (MMP-2) levels.
They were performed according to the manufacturer’s
instructions by ELISA (Sandwich Immunoassay
Technique) using commercial kits purchased from
MyBio Source Company USA.
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2.3.3.2. Collagen profile tests. Lung homogenates
were used for the determination of mice hydroxyproline
assay and collagen type 1 a by quantitative sandwich
enzyme immunoassay technique which was purchased
from MyBio Source Company, USA.

2.3.3.3. Gene expression of Caspase-3, BCL2, and
MUC5AC genes in lung tissue by quantitative
real-time polymerase chain reaction (QRT-PCR).
Total RNA was extracted from lung tissue using
a Qiagen tissue extraction kit (Qiagen, USA) accord-
ing to the manufacturer’s instructions. The purity of
obtained RNA was verified spectrophotometrically at
260 nm. The extracted RNA was reverse transcribed
into cDNA using an RT-PCR kit (Fermentas USA)
according to the manufacturer’s instructions.

To assess the expression of Caspase-3, BCL2, and
MUCS5AC genes, quantitative real-time PCR was per-
formed using SYBR Green PCR Master Mix (Qiagen,
Germany) as described by the manufacturer.

Briefly, 12.5 yL of QuntiFast SYBR Green PCR
Master Mix, 5.5 yuL dH2O, 2 yL primer pair mix (1/
pLeach primer), and 5 yL ¢cDNA in a final reaction
volume of 25uL. The sequences of primers were:

Caspase 3: Forward 5'- TGTCATCTCGCTCTGGTA
CG -3

Reverse 5'- AAATGACCCCTTCATCACCA-3'

BCL2: Forward5'- GAGAGCGTCAACAGGGAGA
TG-3'

Reverse5’- CCAGCCTCCGTTATCCTGGA -3’

MUCS5AC: Forward5'-ATCACCATCTTCCAGGA
GCG-3'

Reverse5'-CCTGCTTCACCACCTTCTTG-3'

B-actin:  Forward5’-GGTCGGTGTGAACGGAT
TTGG-3'

Reverse 5'- ATGTAGGCCATGAGGTCCACC -3’

PCR reactions included 10 min at 95°C for activa-
tion of Ampli Taq DNA polymerase, followed by 40
cycles at 95 °C for 15 seconds (denaturing) and 60 °C
for 1 min (annealing and extension). The data were
expressed in cycle threshold (C,;) where the increased
fluorescence curve passes across a threshold value.
Relative gene expression was calculated as 2
—AACt and was normalized to p-actin [25].

2.3.4 Total and differential leukocyte counts in
bronchoalveolar Lavage (BAL) fluid

After anesthesia, mice were fixed on the desk. BAL fluid
was collected by the injection of 3 mL saline three times,
followed by mild aspiration of the fluid from the lungs
after securing an intratracheal catheter within the tra-
chea. Then the fluid was centrifuged at 1500 rpm for 10
minutes [26]. The total numbers of leukocytes (macro-
phages, lymphocytes, and neutrophils) in the BAL fluid,
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cell pellets were re-suspended in 20 pl of Bovine albumin
serum, then stained by Giemsa stain, counted (200 cells/
slide) in a hemocytometer using morphological criteria
under a light microscope. Differential cell counts were
obtained from a count of 200 cells per smear [27].

2.3.5. Histological investigations

After 14 and 28 days, apart from the right lung of each
mice/group was fixed in 10% formalin-saline and
processed for histological examination by using
Hematoxylin and Eosin stain (H&E) [28].

2.3.6. Histopathological investigations and grades
of pulmonary injury

The grades of pulmonary inflammation and fibrosis in
lung tissue sections were analyzed by Masson
Trichrome staining to identify collagen fibers [29].
The scoring system was used to estimate the severity
of pulmonary injury on a numerical scale. Using a 10X
objective, an average of 10 fields per slide were assessed
for lung injury severity after 14 and 28 days. Each field
was assigned a score between 0 and 8 (total fibrosis).
The rating criteria were as follows: 0 = normal lung,
1 = minimal fibrous thickening of bronchiolar or alveo-
lar wall, 3 = moderate thickening of walls without
damage to lung architecture, 4 and 5 = increased fibro-
sis with damage to lung structure and formation of
fibrous bands, 6 and 7 = severe distortion of the struc-
ture and large fibrous areas, 8 = total fibrous oblitera-
tion of the field [30]. The mean of the scores for all
fields was taken as the fibrotic score of the section [31].

2.4. Statistical analysis

Data were expressed as means + standard error of
means (SE). All the recorded data were analyzed
using the Statistical Package for Social Sciences
(SPSS) version 10 computer program. The significance
of differences between means of the control and all
treated mice (*) and the significance of differences
between means of bleomycin treated groups and bleo-
mycin group (#) were evaluated by one-way analysis of
variance (ANOVA) test. The values of p < 0.05 were
considered statistically significant.

3. Results
3.1. Chemical characterization

3.1.1. Scanning electron microscopy (SEM)

SEM of chitosan nanoparticles before loading with
dexamethasone showed that NCs appeared like parti-
cles at 3000x with a diameter ranging from 2.05 up to
5.07 um with irregular spherical structure at the cross-
section (Figure la). While scanning electron micro-
scopy of dexamethasone-Nano chitosan (DEX-NCs)
at a higher power of 30000 x showed the spherical

shape of dexamethasone with a diameter ranging
from 2.188 and 3.005 um adsorbed on the surface
and absorbed inside Nano-chitosan particles as showed
in Figure 1b.

3.1.2. Transmission electron microscope (TEM)

TEM of Nano-chitosan before loading with dexa-
methasone showed that the particle size of Nano-
chitosan was about 200 nm (Figure 2a). TEM of
DEX- NCs particles revealed that DEX was adsorbed
at the surface of Nano-chitosan particles (Figure 2b).

3.1.3. Energy-dispersive X-ray analysis and drug
loading (EDX)

Loading DEX onto NCs-particles was confirmed by
using the EDX analysis Figure 3(a,Figure 3b,Figure
3c), and Table 1. Table 1 illustrated the presence of
Florine (F) which is one of the DEX components with
a weight % of 0.55 in the EDX of DEX alone.
Conversely, the EDX analysis of NCs-particles alone
showed no Florine in its structure.

On the other hand, studying the EDX of DEX-NCs
particles confirmed the presence of Florine in its struc-
ture with a weight % of 0.42 indicating that the parti-
cles of the drug were adsorbed on the surface of the
NCs particles and absorbed into the NCsparticles.
Also, the weight % of carbon content elevated from
13.73 in NCs to 19.27 in to prove that DEX was loaded
onto the NCsparticles. After loading the drug onto

DEX-NCs particles

Figure 1. SEM of chitosan nanoparticles before loading with
dexamethasone at 3000x (Figure 1a) and dexamethasone-
Nano chitosan (DEX-NCs) particles at higher power of 30,000
x (Figure 1b) in cross-section.

Figure 2. TEM of Nano-chitosan before loading with dexa-
methasone with particle size 200 nm (Figure 2a). TEM of DEX-
NCs particles (Figure 2b).
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Figure 3. EDX of DEX (Figure 3a), NCs (Figure 3b), and DEX-NCs
particles (Figure 3c).

Table 1. Weight % of carbon, nitrogen, oxygen, sodium,
chlorine, and florine in DEX, NCs particles and DEX-NCs .

Weight%
Element DEX NCs DEX-NCs
Carbon 13.89. 13.73 19.40
Nitrogen - 0.28 0.39
Oxygen 2.19 2.63 2.67
Sodium 37.15 37.12 35.34
Chlorine 46.22 46.24 41.78
Florine 0.55 - 0.42

DEX: Dexamethasone.
NCs: nano chitosan.
DEX-NCs: Dexamethasone nano chitosan.

NCs particles, the weight % of the nitrogen content of
NCs particles was increased from 0.28 to 0.39 in DEX-
NCs particles.

3.1.4. Fourier transform infrared spectroscopy
(FTIR)

FTIR of DEX, NCs, and DEX-NCs are displayed in
Figure 4 which shows the main peaks of NCs that can
be assigned as follows: 3456 cm™' (N-H and O-H
stretching vibration), 2925 cm™' (CH symmetric
stretch), 1616 cm™ (C = O stretching vibration),
1438 cm™' (C-N stretching vibration), 1363 cm™!
(CH bending vibration), 1170 cm™ ! (C-0-C bending
vibration), and 1073 c¢m™' (C-OH stretching
vibration).

For DEX, there was a very strong and sharp peak at
3471 em™ (O-H stretching vibration) and peak at
2948 ¢cm™' represented stretching vibration of C-H,
and peak at 1704 cm™' that was assigned to C = O.
The peaks at 1662 cm ™' and 1616 cm ™" represented the
stretching vibration of the C = C bond. On the other
hand, there was broadband at 3459 cm™! for each NCs,
and DEX-NCs particles characterized O-H stretching
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Figure 4. FT-IR Spectroscopy of DEX (Figure 4a), NCs
(Figure 4b), and DEX-NCs (Figure 4c) particles.

vibration. The sharp band and strong sharp peak at
1635 cm™' and 1616 cm ' represented stretching
vibration of the C = O group of NCs and DEX-NCs
particles (Figure 4).

3.2. In vivo animal studies

3.2.1. Determination of LDH and MDA in serum

A significant increase in LDH and MDA levels was
confirmed after 14 and 28 days of BLM induction
when compared with the NC group. DEX administra-
tion to BLM treated mice recorded a 1.45 and 2.92 fold
decrease in LDH activities after 14 and 28 days, respec-
tively. On the other hand, DEX-NCs treatment
showed a decline of 1.78 and 3.69 folds when com-
pared with the BLM group (Table 2). Likewise,
a significant increase (P < 0.05) in serum MDA levels
was recorded either after 14 or 28 days of experimental
study when compared to the BLM treated group.
Treatment of BLM group with DEX loaded on NCs
particles signified a decline (p < 0.05) in the mean
values of serum MDA to record a 2.98 fold decrease
after 28 days when compared to BLM group (Table 2).

3.2.2. Inflammatory mediators

Table 3 presents a significant increase (P < 0.05) in
inflammatory mediators of TNF-a, TGF-B1, NF«B,
and MMP2 levels in lung tissue after 14 days of intra-
tracheal BLM instillation. The increase in these lung
parameters progressed until 28 days of the experimen-
tal study period in the BLM group when compared to
the NC group. Quite the opposite, statistically amelio-
rated results (p < .005) in the levels of these cytokines
and lung tissue inflammatory marker MMP2 were
recorded in BLM/DEX and BLM/DEX-NCs groups
compared to BLM. The most ameliorated results in

all investigated inflammatory mediators were
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Table 2. Levels of serum LDH and MDA in different experimental groups.

Control groups

Bleomycin groups

BLM/
Parameter Duration NC DEX BLM BLM/DEX DEX-NCs
LDH (U/L) 14 days 12999 + 7.4 1539 +7.24 470.64*+12.5 324.42%'+3.78 161.26*"+8.9
28 days 130.11 + 7.83 147.6 £ 7.06 573.12%+2.03 321.47%*18.60 144.67%£1.34
MDA (nmol/ml) 14 days 73.26 = 2.01 88.00 = 5.0 169.21*+1.37 124%*1+4.11 93.32*"+4.41
28 days 7545 £ 2.77 854+ 172 237.3*£1.49 118.6*"+2.78 79.72"+3.31
Normal Control DEX: Dexamethasone BLM: Bleomycin BLM/DEX: Bleomycin+Dexamethasone.
BLM/DEX-NCs: Bleomycin+Dexamethasone nano chitosan.
*Significant change at P < 0.05 of all experimental groups in comparison with NC group.
#Significant change at P < 0.05 of all BLM treated groups in comparison with BLM group.
Table 3. Inflammatory mediators (TNF-a, TGF-B1, NFkB, and MMP2) in lung tissue in different experimental groups.
Control groups Bleomycin groups
BLM/
Parameter Duration NC DEX BLM BLM/DEX DEX-NCs
TNF -a (Pg/ml) 14 days 14.43 £ 0.10 12.95 £ 0.23 89.36*+2.80 73.21%"+0.54 35.06*"+1.38
28 days 13.65 + 0.05 12.53 + 0.06 127.2*+1.81 51.30*"+0.73 33.22%"+1.11
TGF-B (pg/ml) 14 days 26.05 + 0.3 28.28 £ 1.15 77.51*+5.78 70.82%+2.69 50.94*"+0.86
28 days 3288 +0.14 28.01 = 0.36 132.81*+0.84 53.24*"+570 38.15"+0.62
NF kB (pg/ml) 14 days 65.20 = 0.06 59.5 + 0.42 149.99*+2.82 98.61*%+3.96 77.96**+1.36
28 days 62.56 + 0.16 60.04 + 0.20 190.11*+1.94 95.22+'+% 64 62.88"+2.11
MMP2 (ng/ml) 14 days 2.08 = 0.03 1.65 + 0.07 7.17*+0.25 6.35*"+0.35 4.07*"£0.19
28 days 2.27 £ 0.01 1.91 £ 0.03 14.32*+0.20 3.12#%+0.33 2.33"+0.07

Normal Control DEX: Dexamethasone BLM: Bleomycin BLM/DEX: Bleomycin+Dexamethasone.

BLM/DEX-NCs: Bleomycin+Dexamethasone nano chitosan.

* Significant change at P < 0.05 of all experimental groups in comparison with NC group.
# Significant change at P < 0.05 of all BLM treated groups in comparison with BLM group.

recorded after 28 days in DEX-NCs group to reveal
3.83, 3.48, 3.03 and 6.15 folds decline in TNF-a, TGF-
Bl, NFkB and MMP2 levels in lung, respectively
(Table 3).

3.2.3. Collagen profile tests

Hydroxyproline content and collagen la in lung
homogenate recorded a significant (P < 0.05) elevation
in their mean values in BLM treated animals com-
pared to the NC group. On the contrary, treatment
with DEX loaded on NCsparticles for 28 days to BLM
group caused a significant decline (p < 0.05) in the
mean values of lung tissue hydroxyproline and col-
lagen la to record (6.02 = 0.26 and 81.00 + 1.96)
against BLM group of (29.15 + 222 and
192.83 + 6.19), respectively (Table 4).

3.2.4. Gene expression of Caspase-3, BCL2, and
MUCS5AC genes in lung tissue

BLM installation was associated with a significant
(P < 0.05) increase in Caspase-3 and MUCS5AC gene
expressions in lung tissue homogenates. This was accom-
panied by a profound decrease in BCL-2 gene expression
after 14 and 28 days when compared to the NC group.

In contrast, a significant (P < 0.05) decline in the gene
expression of Caspase-3 and MUCS5AC genes with a sig
nificant increase in BCL2 gene in lung tissue was obser
ved after treatment with DEX or DEX loaded on NCs
particles when compared to BLM group after either 14 or
28 days as illustrated in Table 5. It is worth mentioning
that the most ameliorated results in all pre-mentioned
parameters were observed after 28 days of treatment of
DEX loaded on NCs particles to PF mice (Table 5).

Table 4. Collagen profile (Hydroxyproline and collagen 1a) in lung tissue in different experimental groups.

Control groups

Bleomycin groups

BLM/
Parameter Duration NC DEX BLM BLM/DEX DEX-NCs
Hydroxyproline (ng/ml) 14 days 4.75 + 0.05 3.63 = 0.05 16.55*+1.07 13.4%£0.22 7.96*'+0.27
28 days 4.08 £0.03 4.02 £ 0.05 29.15%+2.22 9.21*"+0.46 6.02"+0.26
Collagen 1 a (ng/ml) 14 days 78.12 £ 0.07 77.00 + 0.47 162.14*+2.84 125.88**+1.93 89.28*'+2.19
28 days 75.76 £ 0.18 74.63 + 0.23 192.83*+6.19 100.33*%+2.93 81%+1.96

Normal Control DEX: Dexamethasone BLM: Bleomycin BLM/DEX: Bleomycin+Dexamethasone.

BLM/DEX-NCs: Bleomycin+Dexamethasone nano chitosan.

* Significant change at P < 0.05 of all experimental groups in comparison with NC group.
# Significant change at P < 0.05 of all BLM treated groups in comparison with BLM group.
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Table 5. Relative quantification expression of (Caspase —3, MUC5AC, and BCL2) genes in lung tissue in different experimental
groups.

Control groups Bleomycin groups
BLM/
Parameter Duration NC DEX BLM BLM/DEX DEX-NCs
Caspase —3 14 days 1.01 + 0.01 0.85 + 0.006 5.58%+0.40 5.03*+0.33 2.76*'+0.08
28 days 1.01 £ 0.01 0.80 + 0.01 10.33%+0.80 2.54¥%+0.13 1.74%+0.10
Muc5 ac 14 days 1.01 + 0.01 0.85 + 0.006 5.58%+0.40 5.03*+0.33 2.76*'+0.08
28 days 1.01 £ 0.01 0.80 + 0.01 10.33*+0.80 2.54¥%+0,13 1.74%+0.10
BCL2 14 days 1.01 + 0.01 1.08 + 0.04 0.22*+0.044 0.51%"+0.01 0.88*"+0.008
28 days 1.00 £ 0.003 1.02 + 0.006 0.13*+0.008 0.60%%+0.03 0.90%%+0.01
Normal Control DEX: Dexamethasone BLM: Bleomycin BLM/DEX: Bleomycin+Dexamethasone.
BLM/DEX-NCs: Bleomycin+Dexamethasone nano chitosan.
* Significant change at P < 0.05 of all experimental groups in comparison with NC group.
# Significant change at P < 0.05 of all BLM treated groups in comparison with BLM group.
Table 6. Total and differential leukocyte counts in BAL fluid in different experimental groups.
Control groups Bleomycin groups
BLM/
Parameter Duration NC DEX BLM BLM/DEX DEX-NCs
Total leukocytes x10%/ml 14 days 0.57 +0.03 1.12+0.2 2.62%+0.26 2.51%+0.18 1.45%*+0.11
28 days 0.68 + 0.05 0.89 + 0.03 3.41%+0.15 1.42*£0.07 0.76"+0.03
Macrophages x 10°/ml 14 days 3.16 + 0.47 5.0 +0.00 17.0%+2.25 9.85**+0.63 5.66"+0.42
28 days 3.75+0.17 469 + 0.40 25.0%+1.25 8.14*"+1.16 4.83"+0.30
lymphocytesx 10°/ml 14 days 233 +0.42 4.0 +0.42 11.87%+0.98 9.85%"+0.50 3.33%+0.42
28 days 2,66 + 0.42 3.5+ 031 12.1%+£0.74 6.0%%+0.92 3.00%£0.25
Neutrophilsx 10°/ml 14 days 2.16 +0.30 3.0 £ 0.44 6.37*+1.05 4.57*+0.97 2.0"+0.36
28 days 1.83 £ 0.30 29+0.33 6.87*+0.61 3.85%"+0.50 1.66"+0.33

Normal Control DEX: Dexamethasone BLM: Bleomycin BLM/DEX: Bleomycin+Dexamethasone.
BLM/DEX-NCs: Bleomycin+Dexamethasone nano chitosan.

* Significant change at P < 0.05 of all experimental groups in comparison with NC group.

# Significant change at P < 0.05 of all BLM treated groups in comparison with BLM group.
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Figure 5. Photomicrograph of lung section (H&E x400) from normal control group after 14 (Figure 5a) and 28 days (Figure 5b).
Lung section from Dexamethasone group after 14 days showed normal architecture with simple rupture of alveolar sacs @
(Figure 5c¢). But after 28 days, there was increased rupture of some alveolar sacs that showed some = signs of edema (Figure 5d).
Lung section of BLM group after 14 days 4 showing extensive damage of the lung tissue with distorted lung morphologies:
collapsed alveolar spaces with inflammatory exudates wider and thickened interalveolar septa (Figure 5e). After 28 days, there was
loss of the normal alveolar architecture and majority of the alveolar walls were occupied by collagenous fibers with diffused
cellular infiltration (Figure 5f). BLM and DEX group after 14 days showed more rupture of alveolar walls => and excess of hyaline
material (Figure 5g). After 28 days BLM and DEX showed restored normal tissue, slight thickening, and space expansion, mild
edema of the interstitium and alveolar spaces with clear terminal (Figure 5h). Treatment with BLM/DEX-NCs for 14 days showed
normal lung architecture with thin walls of alveolar sacs and decrease the inflammatory infiltration and improve lung function
(Figure 5i). After 28 days, there was more improvement in walls of alveolar sacs, decreased inflammatory infiltration and improved
lung structure (Figure 5) (H&E;x400).
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3.2.5. Total and differential leukocyte counts in
bronchoalveolar lavage (BAL) fluid

The results of Table 6 validate a significant (P < 0.05) 5
fold increase in total leukocytes with subsequent
increased inflammatory cell counts of 6.66 fold in
macrophages, 4.55 fold in lymphocytes, and 3.75 fold
in neutrophils in BAL fluid after 28 days of BLM
induction when compared to NC group. In addition,
the total leukocyte counts and the differential counts
of macrophage, lymphocytes, and neutrophils in BAL
fluid revealed a significant (P < 0.05) reduction in
BLM treated groups with DEX and DEX loaded on
NCs particles after either 14 or 28 days.

3.2.6. Histological and histopathological
investigations

Microscopically, lung sections stained with H&E of NC
groups either for 14 days (Figure 5a) or 28 days
(Figure 5b) revealed normal pulmonary architecture
with a normal spongy appearance, clear alveolar cavities,
and normal alveolar ducts. The interalveolar septa were
formed from the epithelial tissue around the alveoli. Also,
the microscopic observation of lungs treated with dex-
amethasone for 14 days (Figure 5¢) demonstrated nor-
mal architecture with simple rupture of alveolar sacs. But
after 28 days there was increased rupture of some alveo-
lar sacs that showed some signs of edema (Figure 5d).
Histological examination of lung sections stained by
H&E of BLM treated mice for 14 days showed extensive
damage of the lung tissue with distorted lung

morphologies including collapsed alveolar spaces with
inflammatory exudates, wider and thickened interalveo-
lar septa (Figure 5e). This damage continued for 28 days
to reveal a loss of normal alveolar architecture. In addi-
tion, the majority of the alveolar walls were occupied by
collagenous fibers with diffuse cellular infiltration of
macrophages and fibroblast as shown in Figure 5f.

Animals’ lung sections treated with both BLM and
DEX for 14 days elucidated more rupture of alveolar
walls and excess of hyaline material as shown in
Figure 5g.

Moreover, this study clarified that lung sections of
BLM animals treated with DEX for 28 days showed
slight thickening, space expansion, and mild edema of
the interstitium and alveolar spaces with clear term-
inal bronchioles. Nevertheless, there was still conges-
tion of the interalveolar septa with scattered
inflammatory cells (Figure 5h). Lung tissue sections
of the BLM/DEX-NCs group exhibited more improve-
ment in lung architecture for 14 and 28 days to
demonstrate more ameliorated histological features
clarified as normal lung architecture with thin alveolar
sacs walls and decreased inflammatory infiltration
(Figure 5(i),Figure 5(j))Figure 5 (h,Figure 5e).jpg

3.2.7. Grades of pulmonary injury

According to the scoring system that was used to esti-
mate the severity of pulmonary injury on a numerical
scale, the grades of pulmonary inflammation and fibrosis
in lung tissue sections were analyzed by Masson staining
to identify collagen fibers.

Figure 6. Photomicrograph of lung section (Masson’s trichrome; x100) from normal control group showing normal alveolar
structure with no collagenous fibers (grade 0) of fibrosis (Figure 6(a,b)). Lung section from DEX group after 14 days showing grade
2 fibrosis representing presence of simple collagenous fibers (Figure 6c). DEX group after 28 days showed (grade 1) of fibrosis with
the presence of some collagenous fibers (Figure 6d). Lung section from BLM group after 14 days showed grade 7 of fibrosis with
the presence of excess collagenous fibers (Figure 6e). BLM group after 28 days showed grade 8 of fibrosis with the presence of
excess collagenous fibers (Figure 6f). BLM group treated DEX showing grade 4 of fibrosis after 14 days with the presence of
collagenous fibeis (Figure 6g). BLM group treated with DEX for 28 days showed grade 3 of fibrosis with decreased collagenous
fibers (Figure 6h). BLM group treated with DEX-NCs for 14 days showed grade 4 of fibrosis with some collagenous fibers (Figure 6),
BLM/DEX-NCs for 28 days showed grade 3 of fibrosis with decreased collagenous fibers (Figure 6j) (Masson'’s trichrome; x100).



In Figure 6(a,Figure 6b), lung tissue sections stained
by Masson’s trichrome of NC group at 14 and 28 days
showed grade (0) fibrosis where lung structure showed
a normal pattern, normal alveolar septa with no burden
at the most flimsy small fibers in some alveolar walls.

While DEX administration to animals for 14 days
exhibited grade (2) fibrosis. Alveolar septa showed
fibrotic changes with knot-like formation but were
not connected. The alveoli were partly enlarged and
rarefied with no fibrotic masses (Figure 6c). The fibro-
sis degree decreased to grade (1) by concurrent admin-
istration of DEX for 28 days to show isolated gentle
fibrotic changes in alveolar septa. Alveoli were partly
enlarged with no present fibrotic masses (Figure 6d).

Lung tissue sections of animals treated with BLM
for 14 days showed grade (7) fibrosis in which alveolar
septa were non-existent. Alveoli were obliterated with
fibrous masses but still up to five air bubbles
(Figure 6e). This fibrosis degree increased to reach
grade (8) after 28 days of BLM installation in which
alveolar septa were still non-existent and lung struc-
ture showed complete obliteration with presented
fibrotic masses (Figure 6f).

After 14 days of experimental study, lung sections
of BLM/DEX and BLM/DEX-NCs groups showed
grade (4) fibrosis in which alveolar septa were variable
with fibrotic masses (Figure 6(g,Figure 6i), respec-
tively). But, following 28 days of experimental study,
this fibrosis degree decreased to grade (3) in both pre-
mentioned groups in which alveolar septa exhibited
contiguous fibrotic walls predominantly in the whole
microscopic field. The lung structure and the alveoli
were partly enlarged and rarefied with no fibrotic
masses as shown in Figure 6(h,Figure 6j).

4. Discussion

Pulmonary fibrosis (PF) is a multifactorial, chronic dis-
ease featured by the progressive formation of a scar in the
lung parenchyma [32]. The lungs’ fibrotic reaction is an
irreversible process that is characterized by an increased
fibroblast population with an intense and complex
change in extracellular matrix turnover [33,34].

DEX is a very well-known widely available and
cheap drug that plays an important role in attenuating
BLM-induced lung fibrosis in mice [35,36].

Nevertheless, the application of DEX in PF was
always under debate because PF implies a long treat-
ment time. In addition, the high and frequent dose of
DEX might cause many side effects [13]. Therefore,
strategies to attenuate the accumulation and therapeu-
tic index of DEX in lung tissue have been diminished
by loading DEX on Nanoscaled carriers [37,38] giving
them promising applications in medicine [39].

In this study, DEX was loaded on NCs polymeric
matrix that was synthesized from chitosan. NCs par-
ticles were considered as a harmless polymer to be
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used in the development of Nanocarriers for drug
delivery [40]. NCs also possess potential therapeutic
applications due to their biodegradability, biocompat-
ibility, bioadhesive, and antibacterial perfor-
mance [41].

When DEX was loaded on NCs particles, the SEM
of (DEX-NCs) at 30000x confirmed that DEX had
a spherical shape with a diameter of 2.188 and
3.005 um and it was embedded inside NCs particles.
These results were in accordance with Ghadi et al.
[19] who verified that the absorption and bioavailabil-
ity of drugs encapsulated into chitosan nanoparticles
can be improved. Moreover, they can protect the
delivered drugs effectively from enzyme degradation
in vivo. Also, Nano chitosan carriers can improve
DNA and drug bioavailability, resistance in vivo,
enhance controlled sustained drug release by reducing
drug toxicity. The smaller particle size of NCs seemed
to have efficient interfacial interaction with the cell
membrane facilitating endocytosis [19].

The animal study results revealed significantly
increased levels of serum LDH and MDA in the
BLM group when compared to the NC group. Any
elevation in LDH activity can be considered as
a significant index for the diagnosis of lung diseases.
In addition, BLM treatment-induced reactive oxygen
species in lung tissues lead to the increase in lipid
peroxidation, which in turn-induced inflammation
with decreased lung function [42].

The increased activities of LDH might be attributed
to increased lipid peroxidation products like MDA in
cellular membranes that produced marked alterations
in the molecular organization of lipids resulting in
increased membrane permeability and leakage of cyto-
plasmic markers into circulation [43].

These results were in line with the outcomes of the
present investigation, which elucidated the elevations
in lung tissue hydroxyproline and collagen 1 a content
with subsequent significant elevations of TNF-a, TGF-
B1, NFkB, and MMP?2 after 14 days of intratracheal
BLM instillation. The increase in these lung para-
meters progressed until 28 days of the experimental
study period in the BLM group when compared to the
NC group. In addition, the results of the present study
validated the significant increase of total leukocytes
with increased cell counts of neutrophils lymphocytes,
and macrophages in BALF after both 14 and 28 days of
BLM induction. Macrophages and neutrophils have
also been documented to play role in lung parenchy-
mal injury by releasing harmful free radicals and var-
ious proteolytic factors [44].

Furthermore, BLM stimulates alveolar macro-
phages to release inflammatory mediators. Elevated
inflammatory infiltration in lung tissue and bronch-
oalveolar lavage fluid following BLM administration
resulted in the deposition of collagen into the lung
epithelial cells [44].
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Damage and activation of alveolar epithelial cells
may result in the release of TGF-f1, NFkB, and TNF-a
that stimulated proliferation and accumulation of
fibroblasts and deposition of a pathologic extracellular
matrix [45]. Hydroxyproline induced pro-fibrotic pro-
teins synthesized by transdifferentiation of fibroblasts
into myoblasts and therefore increased levels of col-
lagen I expression [46]. The extra deposition of hydro-
xyproline and its marker type I collagen in the form of
extracellular matrix reflects the distortion and destruc-
tion of alveolar structures and loss of lung function
[47] which in turn affected the efficiency of gas
exchange across this membrane [4].

Additionally, MMP?2 is capable of upregulating the
pro-fibrotic mediators, downregulating the anti-
fibrotic mediators, and enhancing cell migration [48]
thus MMP?2 levels are highly expressed in the BLM
group due to lung fibrosis.

Likewise, the current study revealed that BLM
installation was associated with a significant increase
in Caspase-3 gene expression and MUC5AC in lung
tissue homogenates. This was accompanied by
a profound decrease in BCL-2 gene expression in
lung tissue after 14 and 28 days of study in the BLM
group when compared to the NC group. These results
suggest that the overexpression of caspase-3 may
reflect the up-regulation of the apoptosis pathway in
alveolar and bronchiolar epithelial cells associated
with pulmonary fibrosis [49,50].

The enhanced expression of the MUC5AC gene
present in this study under BLM installation confirms
the mucus hypersecretion in acute lung damage. This
might be due to goblet cell hyperplasia and mucin
overproduction in this model. This may be also related
to the activating role of neutrophil-derived products
such as ROS and the enhanced production of TNF-a
[51] the histological study and the grades of lung
fibrosis of lung tissue sections stained by H&E and
Masson trichrome stain aimed to support the bio-
chemical investigations.

Furthermore, the histological examination of lung
sections of the BLM group of the present study
revealed various changes such as many collapsed
alveoli, while other alveoli were dilated and ruptured.
Some bronchioles were lined by epithelial cells with
deeply stained nuclei and its lumen was full of exfo-
liated epithelial cells. Also, heavy mononuclear cellular
infiltration surrounding the bronchioles and in the
interalveolar septa were present. The dilated and con-
gested blood vessels and interstitial hemorrhage in the
alveolar spaces were seen.

Moreover, a significant increase in the amount of
collagen and elastic fibers around the bronchiole and
the walls of the alveoli. Additionally, BLM was asso-
ciated with difftuse mononuclear cellular infiltration

surrounding the bronchioles and the interalveolar
septa with diffused thickening of the interalveolar
septa [52].

Besides, Ashcroft et al. [30] and Zhou et al. [31],
developed a numerical scale for determining the
degree of fibrosis in lung specimens. This scale was
applied here in this study in all experimental groups.
In the present study, histological alterations in mice
lung section following 14 days of BLM installation
were manifested in the form of early fibrosis and
inflammatory cell aggregates with increased grade 7
fibrosis at 28 days. This may be related to the acti-
vated inflammatory cells and fibroblasts that can
synthesize and secrete reactive oxygen species, var-
ious chemokines, and cytokines, and proteases,
which can lead to aberrant fibro proliferation and
collagen production and deposition in lung tissues
of mice with interalveolar septal thickening, accumu-
lation of exudative fluids in alveolar space, diffuse
infiltration of lymphocytes, neutrophils, and macro-
phages in BAL fluid [53].

Treatment with DEX alone or DEX loaded on NCs
particles to BLM induced lung fibrotic mice for 14 and
28 days induced a significant decline (p < 0.05) in
serum LDH and MDA, tissue hydroxyproline, and
collagen 1la. This was also accompanied by
a decrease in the inflammatory mediators including
TNF-a, TGF-P1, NF«B, and lung tissue inflammatory
marker MMP2. These results were followed by
a decrease in the gene expression of Caspase-3 and
MUCS5AC genes and a significant increase in the BCL2
gene in lung tissue when compared to the BLM group.
In addition, the microscopical investigation of the
total leukocyte count and the differential counts of
macrophage, lymphocytes, and neutrophils in BAL
fluid revealed likewise a significant decrease under
treatment with DEX alone or DEX loaded on NCs
particles. The more ameliorated results were estab-
lished in the BLM group of mice that was treated
with DEX-NCs. These results were confirmed by the
histological examination of lung tissue sections dimin-
ishing the fibrotic graded scale from grade 7 in the
BLM group to grade 4 after applying DEX-NCs treat-
ment. This may be due to the relative stability of DEX-
NCs particles under physiological conditions. When
nanoparticles reached the pathological site or are
taken up into the lysosome by the cells, DEX is rapidly
released from its Nanocarrier to further exert its phar-
macological effects. Also, loading DEX onto NCs par-
ticles could have increased the retention rate of the
drug in the circulatory system and reduced its clear-
ance. This might be advantageous to the targeting of
nanoparticles, providing evidence for the possibility of
low-dose administration or prolonged dosing intervals
of nanoparticles [54].



DEX treatment to BLM-induced lung injury model
failed to reduce the neutrophil infiltration in BAL fluid
along with lung edema and lung injury scores.
Additionally, neither cellular infiltration nor cytokine
release was inhibited by DEX treatment alone. This
might be related to the damaging effect of DEX on the
repair capacity of the alveolar epithelium [55].

More to the point, these results highlight the effec-
tiveness of the investigated DEX-NCs particles because
loading DEX onto NCs particles potently accumulated
in macrophages, upon administration and improved
the delivery and release of DEX to target lung cells
and tissues [56]. The novel formulation DEX-NCs effi-
ciently targeted the pulmonary macrophages and
improved PF as compared to DEX treatment. DEX-
NCs suppressed inflammatory cytokines. In addition,
DEX-NCs targeted DEX to myeloid and lymphoid tis-
sues that were enriched with phagocytes. It also enabled
efficient and relatively selective delivery of the potent
corticosteroid drug to sites of inflammation where the
vasculature was leaky and where large numbers of pha-
gocytes had infiltrated, thus attenuating the production
of proinflammatory cytokines and other signaling
molecules that contribute to edema formation and pro-
gressive lung tissue damage [57]. Also, Wang and Sun
[58] verified that inflamed tissues possess enhanced
vascular permeability, so Nanocarriers could extrava-
sate into the inflamed sites. Then, inflammatory cells in
the inflamed areas seize Nanocarriers between 10 and
200 nm to the target inflammatory sites alleviating the
inflammatory symptoms with a lower dose and
decrease the adverse effects of DEX on body tissues.
Likewise, DEX-NCs might sustain the release of DEX to
act as an anti-inflammatory and anti-edema drug in the
site of inflammation for a longer duration to cure pul-
monary fibrosis completely [59].

In line with the results of the present study, Jia et al.
[60] indicated that both treatments of DEX and DEX-
NCs down-regulated the elevated levels of inflamma-
tory mediators and markers in the BLM group. There
was an increased therapeutic efficacy in DEX-NCs than
the DEX group which could be attributed to the super-
ior drug targeting characteristic and higher bioavailabil-
ity and sustained drug release in the inflamed site [57].

Again DEX-NCs treatment in the PF mice model
reduced hydroxyproline content when compared to
BLM PF mice, especially the DEX-NCs group, suggesting
the role of DEX in inhibiting fibrosis induced by BLM
treatment via inhibition of collagen synthesis and pre-
venting its structure formation [61]. This may be
achieved by decreasing inflammatory cell migration
and proliferation. DEX directly suppressed fibroblasts
and decreased the transcription of type I procollagen
mRNA in the fibroblast, thus suppressing collagen synth-
esis. Likewise, DEX reduced hydroxyproline with
a reduction in the extracellular matrix and collagen
deposition [62, 63].
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The anti-inflammatory effect of DEX is exerted
through binding to the intracellular glucocorticoid
receptor thereafter to specific DNA sequences such
as IxkBa which is the gatekeeper that limits NF«kB
migration into the nucleus andthem in an inactive
state in the cytoplasm. Furthermore, NFkB regulates
the transcription of an array of cytokine genes, includ-
ing TNF-a [64, 65].

The histological examination of lung sections of BLM
groups that were treated with DEX and DEX-NCs in the
present study revealed some collapsed alveoli. Moreover,
a significant decrease in collagen and elastic fibers
around alveoli and within the interalveolar septa and
around bronchioles was evident in these groups with
evident ameliorated lung tissue sections after 28 days
of DEX-NCs treatment. These results were in agreement
with Zhou et al. [8] who proved that dexamethasone can
attenuate BLM-induced lung injury by down modulat-
ing the inflammatory responses, secretion of pro-
inflammatory cytokines, and ameliorating fibrosis.

5. Research limitations

Dexamethasone nano-chitosan particles decreased
significantly lung tissue inflammatory mediators, col-
lagen profile. Further studies of the cellular and hor-
monal effects of dexamethasone Nano chitosan
particles on different organs must be made to confirm
the efficacy of this Nano particle.

6. Conclusion

Loading dexamethasone onto Nano chitosan particles
synthesized from chitosan has shown improved phar-
macokinetics of dexamethasone and provided novel
insights in pulmonary injury treatment.
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