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ABSTRACT

Background: Acute lung injury (ALI) leads to disrupted endothelial and epithelial barriers due to associated acute inflammation.
Oleic acid (OA)-induced lung injury is a model for induction of ALI in rats. Quercetin is a flavonoid with anti-inflammatory
and antioxidant actions.

Aim of the Work: This study was done to evaluate the role of quercetin in ameliorating the histological changes in a rat model
of acute lung injury through using histological and immunohistochemical techniques.

Materials and Methods: Forty-eight albino rats (200 - 250 grams; 8-9 weeks), were divided into three main groups. Group I
(Control group), Group II (ALI-induced group): Eight rats received single injection of 50 pL. OA dissolved in 1% BSA via rat
tail vein, Group III: Sixteen rats received OA as group II, then divided into Subgroup IIIA& Subgroup IIIB: rats received 10
&50 mg/kg quercetin orally daily for 21 days respectively.

Results: ALI-induced group showed thickened interalveolar septae, interstitial& perivascular inflammatory cellular
infiltrations, congested blood vessels, disorganized alveoli with intra-alveolar and interstitial hemorrhage, bronchioles with
separated epithelial lining, perinuclear vacuolation and their lumen contained exudate, and interstitial areas of homogenous
acidophilia at H&E sections. Besides, significant increase in the mean area percentage of CD68 positive cells. Also, prominent
ultrastructural changes of type I&II pneumocytes, and pulmonary blood capillaries. Quercetin treated groups showed dose-
dependent improvement in the histological structure of the lung.

Conclusion: Quercetin ameliorates ALI in rats in a dose dependent manner.
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INTRODUCTION

Lung is a very important organ that is exposed to a wide Quercetin is a dietary flavonoid that is present in fruits,
range of external pollutants and biological materials. It is vegetables, seeds, nuts, and flowers. It can be found also
vulnerable to be at risk of getting different stages of illness in broccoli, dark cherries, green tea, olive oil, besides
affecting our quality of life or may lead to death!". Acute berries!”- 8. It is used due to its strong anti-inflammatory,
lung injury (ALI) can affect different varieties of age and immunosuppressive, and antioxidant properties. Quercetin
it is responsible for thousands of deaths annually all over is also of beneficial effect in the management of many
the world??. oxidative, inflammatory, and allergic conditions?'%.

Oleic acid is an unsaturated fatty acid, present in plants Thus, the current work sought to investigate the possible
and animals. Oleic acid-induced lung injury is an animal role of quercetin in ameliorating the histological alterations
model of acute lung injury. It is associated with increased in a rat model of ALI This is accomplished through
capillary permeability, leading to inflammation and employing different histological and immunohistochemical
pulmonary edemal**!, methods.
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MATERIALS AND METHODS

Chemicals

e Oleic Acid (OA), (ADVENT CHEMBI, Egypt) A
colorless liquid form, dissolved in 1% Bovine serum
albumin (BSA).

e Quercetin, (MRM nutrition, Egypt) A yellowish
powder, dissolved in 0.5% carboxymethylcellulose.

* Bovine serum albumin, (ADVENT CHEMBIO,
Egypt) A whitish powder, dissolved in phosphate
buffer saline at concentration of 1g/100ml.

*  Carboxymethylcellulose, (Alpha Chemika, Egypt)
A whitish powder, dissolved in warm water at
concentration of 1g/50 ml.

Animals

Forty-eight adult male albino rats, aged from 8 to 9
weeks, and weighing from 200 to 250 grams. Rats were
kept in clean well-ventilated cages and allowed for water
and food intake.

The experimental groups

The rats were divided into three main groups as the
following:

- Group I (Control group): Twenty-four rats that were
divided into 3 subgroups:

» Subgroup IA: Eight rats received no treatments.

» Subgroup IB: Eight rats received a single injection of
2 ml 1% bovine serum albumin (dissolvent of oleic
acid) via rat tail vein.

» Subgroup IC: Eight rats received 1ml of 0.5% of
carboxymethyl-cellulose (dissolvent of quercetin)
once daily orally by an oral gavage for 21 days.

- Group II (Acute lung injury [ALI]-induced group):
Eight rats that received a single injection of 2 ml of
50 pL of oleic acid dissolved in 1% BSA via rat tail
vein',

- Group III (ALI treated with quercetin): Sixteen rats
that received oleic acid with the same dose as group II
and then divided equally into further two subgroups:

» Subgroup IIIA (ALI treated with low dose of quercetin)
(ALI+QLD): after three hours of OA treatment, the
rats were received 1ml of quercetin dissolved in 0.5%
of carboxymethyl-cellulose at a dose of 10 mg/kg!'?.

e Subgroup IIIB (ALI treated with high dose of
quercetin): (ALI+QHD): after three hours of OA
treatment, the rats were given Iml of quercetin
dissolved in carboxymethyl-cellulose at a dose of 50
mg/kgtl.

Doses of quercetin of group I1I were given to rats once
daily for 21 days by oral gavage.

Tissue preparation

At the 21% day, rats were injected with sodium
pentobarbital intraperitoneally (50 mg/Kg)!'"l. An incision
was made in the middle of thorax and the lungs were
dissected and washed with saline. Specimens from the
left lower lobe of lung were split into two halves. One
half was fixed in 10% formol saline and processed to get
paraffin sections for light microscopic examination. While
the other half was immediately fixed in 2.5% buffered
glutaraldehyde and prepared for electron microscopy.

Light microscopic study

1. Haematoxylin and Eosin (H&E): Sections were
cleaned, dehydrated, fixed, and impregnated. Then
embedded in paraffin. Sections of 5 microns’
thickness obtained by the rotatory microtome
(Leica Biosystems, China) and stained by H&EL'S.

2. Immunohistochemical staining of CD68 (cluster of
differentiation 68): Arkhipov!'l.

Sections were deparaffinized, rehydrated, washed,
incubated with 10% normal goat serum, rinsed, and
incubated overnight at 4°C with the primary antibody;
monoclonal mouse a-CD68 antibody at a dilution of
1:50 (AbD Serotec, Inc.) (Catalog # MCA341GA) (to
detect macrophages). Followed by placing in biotinylated
secondary anti-mouse antibody (Vector Laboratories,
Inc.) (Catalog # BA-2001) for half an hour at room
temperature. Finally, using 3,3’-diaminobenzidine (DAB)
and counterstaining with Mayer's hematoxylin. A positive
cytoplasmic reaction for macrophages was seen. Phosphate
Buffer Saline (PBS) was used as a substitute for the lry
anti-body to provide the negative control, while the positive
control for CD68 is obtained from tonsil [EPR23917-164]
(ab283654).
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Transmission electron microscopic study

Lung specimens were fixed in phosphate buffered
glutaraldehyde, post-fixed in 1% phosphate-buffered
osmium tetroxide, dehydrated and embedded in epoxy
resin. Ultrathin sections (75 nm) were stained with
uranyl acetate and lead citrate. Finally, specimens were
examined by JEOL electron microscope at 80 KV at The
Electron Microscope Unit of Faculty of Medicine, Tanta
University!” '8,

Morphometric study

Photographs were taken using a light microscope
(DM500, Leica, Switzerland) with a digital camera (ICC50,
Leica, Switzerland) at Histology Department, Faculty of
Medicine, Tanta University. The following parameters
were measured for each group using five distinct fields
from five different slides from each experimental group at
a magnification power of x400 using the program Image J
(National Institute of Health, Bethesda, Maryland, USA):

1. The mean thickness of the interalveolar septum at
H&E-stained sections!'”.

2. The mean area percentage of CD68 positive cells in
the immunohistochemical stained sections of the lung.

Statistical analysis

A software, (SPSS) version 13, was used to analyze the
data (SPSS Inc., Chicago, IL, USA). The Schiff test and
one-way analysis of variance (ANOVA) test were used to
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compare the various groups with the control group. Next,
the gathered information was presented as (mean + SD). In
the end, the results were deemed non-significant if p>0.05,
highly significant if P < 0.001, and statistically significant
if the probability value P < 0.05.

ETHICAL CONSIDERATION

The experiment was done in accordance with the
guidelines of Faculty of Medicine, Tanta University,
Egypt’ Ethical Committee, with an approval
Code:(36264MS27/1/2023).

RESULTS

In the present research, two rats were died, one from
group II and the other one from subgroup IITA.

Light microscopic results

1. H&E results

All control subgroups (IA, IB & IC) showed normal
lung histology with alveolar ducts, alveolar sacs and
alveoli interalveolar septa besides normally appeared
blood vessels. Alveoli showed two types of epithelial cells.
Type 1 pneumocytes appeared as squamous cells with
flattened nuclei and type II pneumocytes appeared as dome
shaped cells with rounded nuclei. The terminal bronchiole
was lined with simple columnar epithelium and supporting
layer of smooth muscles (Figures 1A-C).

Fig. 1: H&E staining of the control group: (1A) showing alveolar ducts (D), alveolar sacs (S) and alveoli (V) [Magnification; x100, scale
bar = 200 um]. (1B) showing a terminal bronchiole (B) lined with simple columnar epithelium (arrow) and supporting layer of smooth
muscle (arrowhead) [Magnification; x200, scale bar = 100 um]. (1C) showing the epithelial lining of the alveoli, type I pneumocyte appeared
as squamous cells with flattened nuclei (arrow) and type II pneumocyte appeared as dome shaped cells with rounded nuclei (arrowhead)

[Magnification; x400, scale bar = 50 um)].
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The ALl-induced group revealed many areas of
massive interstitial, and perivascular inflammatory
cellular infiltrations, thickened interalveolar septae
and some congested blood vessels. Many disorganized

observed. Regarding the interstitium; large homogenous
acidophilic areas and interstitial hemorrhage were found.
Some bronchioles showed detached epithelial lining with
perinuclear vacuolation, besides exfoliated cells and

alveoli and some with intra-alveolar hemorrhage were

exudate inside their lumen (Figures 2A-E).
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Fig. 2: H&E staining of the ALI-induced group. (2A) showing inflammatory cellular infiltrations (C) surrounding congested blood vessels
(arrowhead) and thickened interalveolar septae (arrow) [Magnification; x100, scale bar = 200 um]. (2B) showing thickened interalveolar
septae (circle) and interstitial inflammatory cellular infiltrations (C). (2C) showing many disorganized alveoli, interstitial (*), intra-alveolar
hemorrhage (arrow) and congested blood vessels (arrowhead) [Magnification;(2B-2C) x200, scale bar = 100 pm]. (2D) showing large areas of
interstitial homogenous acidophilia (arrows). (2E) showing a bronchiole (B) with detached epithelial lining and exfoliated cells (arrowhead),
perinuclear vacuolation (arrow), exudate (*) inside lumen, interstitial hemorrhage (double arrow), homogenous acidophilic areas (curved
arrow) [Magnification;(2D-2E) x400, scale bar = 50 pm]

Subgroup IIA (ALI+QLD) depicted moderate
improvement. Yet, small areas of interstitial and
perivascular inflammatory cellular infiltrations were seen.
A moderate amount of interstitial hemorrhage and some

thickening of the interalveolar septae were observed.
Regarding the bronchioles, they showed focal areas of
detached epithelial lining (Figures 3A-C).
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Fig. 3: H&E staining of the subgroup IIIA (ALI+QLD). (3A) showing small areas of interstitial (arrows) and perivascular (arrowhead)
inflammatory cellular infiltrations [Magnification; x100, scale bar =200 pm]. (3B) showing bronchiole with focal areas of detached epithelial
lining (arrow) [Magnificationx200, scale bar = 100 pm]. (3C) showing moderate intra-alveolar hemorrhage (arrowhead) and some thickening
of the interalveolar septum (arrow) [Magnification; X400, scale bar = 50 um].
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Subgroup IIIB (ALI+QHD) showed nearly normal
alveolar duct, alveolar sac, alveoli and bronchioles.
Regarding the inter-alveolar septae, they appeared with
apparently normal thickness. Also, type I pneumocytes
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appeared as squamous cells with flattened nuclei and
type II pneumocytes appeared as dome shaped cells with
rounded nuclei (Figures 4A-C).

Fig. 4: H&E staining of the subgroup IIIB (ALI+QHD). (4A) showing nearly normal lung tissue with small areas of interstitial inflammatory
cellular infiltrations (arrowhead) [Magnification; x100, scale bar = 200 pm]. (4B) showing more or less normal shape alveoli (V), alveolar
duct (D), alveolar sac (S) and a part of a bronchiole (B) lined with nearly normal epithelial cells (arrow) [Magnification; X200, scale bar =
100 pm]. (4C) showing normal alveoli (V) lined intact type I pneumocytes (arrowhead) and type II pneumocytes (arrow). Notice: intact blood

vessels (*). [Magnification; X400, scale bar = 50 pm].

Regarding the mean thickness of the interalveolar
septae; ALIl-induced group (49.12 £ 5.45) showed a
significant increase in comparison to the control group
(10.22 £ 1.83). Subgroup IIIA (OA+QLD) (28.72 £+ 2.05),
on the other hand, demonstrated a substantial reduction in
comparison to the ALI-induced group and a significant rise

in comparison to the control. Subgroup IIIB (OA+QHD)
(12.06 £+ 1.31) exhibited a non-significant alteration in the
average interalveolar septum thickness in comparison to
the control group, a noteworthy reduction in comparison
to the ALI-induced group, and a noteworthy decline in
comparison to subgroup IIIA (Histogram 1).

SEPTUM IN UM .
T -
C © © o

B
[ ]

C

ALI+QHD

MEAN THICKNESS OF THE INTER ALVEOLAR
[
o

0 -

control ALl ALI+QLD

Histogram 1: The mean thickness of the interalveolar septum in the different experimental groups. Data expressed as mean +standard
deviation; ALI: acute lung injury; ALI+QLD: acute lung injury+ quercetin low dose ALI+QHD: acute lung injury + quercetin high dose

a: Highly significant increase compared to control group. b: significant increase compared to control group and significant decrease compared
to ALI group c: non-significant increase compared to control group and significant decrease compared to ALI group.
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2. Immunohistochemical results for CD68

Negative control of lung sections showed no
immunohistochemical reaction for CD68 (5A). Positive
control from the tonsil showed positive cytoplasmic
reaction for CD68 (5B). Immunostained sections from all
control subgroups showed a few number of macrophages
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with positive cytoplasmic reaction for CD68 (Figure 5C).
ALl-induced group depicted numerous macrophages
positive for CD68 (Figure 5D). Subgroup I1IA (ALI+QLD)
demonstrated moderate number of CD68 positive
macrophages (Figure SE). Moreover, subgroup IIIB
(ALI+QHD) indicated a few number of macrophages
with positive cytoplasmic reaction for CD68 protein
(Figure 5F).

Flg 5: CD68 immunostaining: (5A) negative control section showing no immunohistochemical reaction for CD68. (5B) positive control
from tonsil showing strong positive cytoplasmic reaction for CD68 (arrow). (5C) Control group showing a few macrophages with positive
cytoplasmic reaction for CD68 protein (arrow). (SD) ALI-induced group showing numerous macrophages with positive cytoplasmic reaction
for CD68 protein (arrows). (SE) Subgroup IIIA (ALI+QLD) showing a moderate number of macrophages with positive cytoplasmic reaction
for CD68 protein (arrows). (5F) Subgroup I1IB (ALI+QHD) showing few macrophages with positive cytoplasmic reaction for CD68 protein
(arrow). [Magnification; A-F x400, scale bar = 50 pum].

Morphometric analysis of the mean area percentage
of CD68 positive cells in group II (ALI-induced group)
(34.9% =+ 6.55) revealed a high significant increase if
compared with the control group (2.8% = 1.03). Subgroup

when compared with control group and a highly significant
drop when compared with group II, whereas subgroup IITA
(14.7%= 3.04) shown a substantial rise when compared to
the control group (Histogram 2).

HIB (7.5% + 1.43) demonstrated a non-significant change
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Histogram 2: The mean area percentage of CD68 positive cells in the immunohistochemical stained sections of lung.

Data expressed as mean +standard deviatio

ALI: acute lung injury; ALI+QLD: acute lung injury+ quercetin low dose; ALI+QHD: acute lung injury + quercetin high dose
a: Highly significant increase compared to control group.

b: significant increase compared to control group and significant decrease compared to ALI group

¢: non-significant increase compared to control group and highly significant decrease compared to ALI group.
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Electron microscopic results

All control subgroups showed flat type I pneumocytes
with flat nuclei. While, type II pneumocytes appeared
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cuboidal with euchromatic rounded nuclei. Their cytoplasm
contained mitochondria, numerous lamellar bodies
besides, a few short microvilli on their luminal surface. In
addition, blood vessels lined by endothelial cells were seen

(Figures 6A-C).
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Fig. 6: Ultrastructure of the lung from the control group (6A) showing flattened type I pneumocyte (P1) with its flat nucleus (N) filling most
of the cytoplasm. (6B) showing a type Il pneumocyte (P2) which is cuboidal in shape with an euchromatic rounded nucleus (N), mitochondria
(M), numerous lamellar bodies (L), and a few short microvilli on its luminal surface (arrowhead). (6C) showing flattened type I pneumocyte
(arrow) with its flat nucleus filling most of the cytoplasm and blood capillary with normal endothelial lining (E) [Magnification;(6A—6C)

x2000. scale bar =2 pum)].

ALI-induced group exhibited type I pneumocytes with
irregular nucleus. While type II pneumocytes showed
nuclear indentation, degenerated mitochondria with
destroyed cristac, many cytoplasmic vacuoles and empty

lamellar bodies (L). The endothelium of the blood vessels
R —— ~ T8

had irregular, shrunk nucleus with nuclear membrane
irregularities. In addition, the lumen of the blood vessels
contained macrophage. Moreover, there was extravasation
of RBCs and interstitial infiltrations with eosinophils
(Figures 7A-F).
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Fig. 7: ultrastructure of the lung from the ALI-induced group (7A) showing irregular shaped type I pneumocyte (P1) with irregular nucleus
(N). Regarding type II pneumocyte (P2) (7B) showing nuclear indentation(arrow). Also (7C) has degenerated mitochondria and destroyed
cristae (arrowhead), many cytoplasmic vacuoles (arrow) and empty lamellar bodies (L). (7D-7E) showing extravasation of RBCs (arrowhead)
and interstitial infiltrations with eosinophils. (7F) shows blood capillary with its lining endothelium having irregular nucleus (arrow) and
macrophage (M) inside its lumen [Magnification;(7A—7F) x2000. scale bar =2 pm].
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In regard to subgroup IIIA (ALI+QLD), type I Also, some blood vessels were lined with abnormal
pneumocytes appeared normal. Whereas some of type II endothelium with nuclear membrane irregularities
pneumocytes had nuclear indentation, abnormal shaped (Figures 8A-C).

mitochondria, in addition to some empty lamellar bodies.
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Fig. 8: Ultrastructure of the lung from Subgroup IITA (ALI+QLD) (8A) showing type I pneumocyte (P1) with its flat nucleus (N) and type
II pneumocyte (P2) with indented nucleus (arrowhead) and mitochondria(M). (8B) showing type II pneumocyte with some empty lamellar
bodies (L). (8C) showing irregular endothelial cell with nuclear membrane irregularities (arrow) [Magnification;(8 A—8C) x2000. scale bar
=2 pm].

Regarding subgroup IIIB (ALI+QHD); it showed as well as blood vessels. As for type II pneumocytes; they
nearly normal ultrastructure of type I & II pneumocytes showed refilled lamellar bodies (Figures 9A-C).
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Fig. 9: Ultrastructure of the lung from Subgroup IIIB (ALI+QHD) (9A) showing type I pneumocyte with flattened nucleus. (9B) showing
II pneumocyte (P2) with its euchromatic rounded nucleus(N), mitochondria (M)appeared more or less like control, refilling lamellar
bodies(arrow) and microvilli on its luminal surface (arrowhead) [Magnification;(9A-9B) x2000. scale bar = 2 um]. (9C) showing a nearly
normal blood capillary with its lining endothelium (arrow) [Magnification; x4000. scale bar =500 nm].
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DISCUSSION

Acute lung injury (ALI) is associated with
manifestations of acute inflammation that could disrupt
the lung endothelial and epithelial barriers. ALI can
be manifested by severe hypoxemia, decreased lung
activity with lost lung functions®”. Most of the deaths of
COVID-19 pandemic were attributed to ALI. Even though
the molecular pathogenesis of ALI has recently been better
understood, appropriate and efficient disease treatment has
not yet been established??!l.

The present OA model for acute lung injury was used
to study the consequences of ALI, giving the hope for
evaluating new treatment strategies???. Therefore, quercetin
was used to assess its possible ameliorating effect on OA
induced ALI.

In the present research, H&E results of ALI induced
group (group II) showed disorganized alveoli, increase in
the mean thickness of the interalveolar septae together with
massive interstitial, and perivascular inflammatory cellular
infiltrations, as well as the congested blood vessels, intra-
alveolar and interstitial hemorrhage. These findings were
in agreement with Kumar et al.”. In accordance with
Terzi et al.'" the destructive effect of OA on the lung tissue
might be due to cytokine storms and oxidative stress. Oleic
acid also impairs the balance between intracellular oxidant
and the antioxidant defense system with upregulation of
oxidative reactions with liberation of reactive oxygen
species (ROS)P4,

Reactive oxygen species (ROS) lead to injured
capillary endothelium due to liberation of super-oxides
and malondialdehyde (MDA). These also lead to lipid
peroxidation. Lipid peroxidation with lost functional
integrity of cell membranes, consequently an increase
in the alveolar-capillary permeability!>2%. Meanwhile,
the inflammatory cellular infiltrates could exacerbate
the imbalance between the pro-inflammatory and anti-
inflammatory responses, ending in increased cytokine
release and damage to the lung vasculature?’..

In the current study, many of the bronchiolar epithelial
cells of group II showed perinuclear vacuolation with
detached cells and exudate inside its lumen. These results
were in line with Neriman et al.®®. The significant
bronchiolar morphological changes can be linked to the
high susceptibility of its lining epithelial cells to oxidative
stress leading to activated of autophagy and apoptosis
pathways?-%,

Cluster of differentiation 68 (CD68) is a lysosomal
associated  transmembrane  glycoprotein  produced
by macrophages. It contributes to the activation and
proliferation of T-lymphocyte®!). Macrophages play a very
important role in the pathophysiology of ALI. It liberates
different cytokines, chemokines, and growth factors
consequently, inflammation especially at the injured
lungsi2,

Also, ALI induced group revealed a significant
increase in the number and the mean area percentage
of macrophages with positive cytoplasmic reaction for
CD68 when compared to control group. It is consistent
Ziablitsev et al.™). This could be explained by the fact that
macrophages’ number increase secondary to the activation
of inflammatory cascades by OA. Also, with the associated
pulmonary oxidative stress; numerous cytokines would be
released activating macrophages®¥l.

Ultrastructurally, the ALI group confirmed the light
and immunohistochemical results with different changes
of the lining alveoli. This might be due to the exposure
to free radicals with disturbed lung biochemical processes
ending by fluids and electrolyte imbalancel**l,

Notably, type I pneumocytes were irregular with
irregular nucleus, while type II pneumocytes had irregular
indented nuclei and apparently enlarged mitochondria with
destroyed cristae. These changes were attributed to the
high level of ROS as well as associated lipid peroxidation
affecting nuclear and mitochondrial membranes. So, DNA
damage, and nuclear membranes irregularities ensued™=*,

Moreover, type II pneumocytes of ALI group showed
cytoplasmic vacuolations and areas of cytoplasmic
rarefaction. These changes might be due to the
degeneration of the cellular organelles by OS. In addition
to misfolding of endoplasmic reticulum (ER) proteins with
ER stresst®’). Moreover, the reduction in lipid transport and
the accumulation of triglycerides in the cytoplasm could
results into vacuolations*’l.

In ALI group, type II pneumocytes had coalescent
empty lamellar bodies. This could be explained by the fact
that acute lung inflammation leads to impaired synthesis,
secretion, and composition of surfactant proteinst!l.
Furthermore, ALI group showed irregular endothelial cells
with irregular nuclei and extravasation of RBCs which
might be due to glycocalyx degradation, oxidative stress
and inflammation induced by OA®,
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In this work, the administration of quercetin reduces
lung tissue inflammation and improves the histological
architecture in dose-dependent manner. The ALI+QLD
group showed moderate interstitial hemorrhage and some
thickening of the interalveolar septae associated with small
areas of interstitial and perivascular cellular infiltrations.
While ALI+QHD group revealed nearly normal structure
which was consistent with the study of Omar et al.™®. This
improvement could be explained by the antioxidant effect
of quercetin which protects against cell damage. Quercetin
reduces ROS and MDA production, enhances cell state,
and upregulates autophagy*l. Moreover, it upregulates
the nuclear factor erythroid 2—related factor 2 (Nrf2) driven
antioxidant production, alleviating the oxidative stress! ‘.

Furthermore, quercetin has an anti-inflammatory
effect through downregulating the expression of different
pro-inflammatory cytokines such as IL-6, IL-8, TNF-a,
IL-1B, and monocyte chemoattractant protein-1 (MCP-
1) that are produced by macrophages, and peripheral
blood mononuclear cells. It also inhibits the release of
different inflammatory chemicals like phospholipase A,
cyclooxygenase, and arachidonic acid*™.

Moreover, quercetin  subgroups showed dose
dependent significant reduction in the mean number
of macrophages positive for CD68. These results are
coincided with Peng et al.**] who discovered that quercetin
can reduce macrophage damage through enhancing the
antioxidant activity in addition to down regulating the
released inflammatory factors. Quercetin also reduce the
synthesis of NO, proinflammatory cytokine expression,
and lipocalin-2 as well as the production of chemokines,
CCL2, and CXCL10M1,

On the ultrastructure level, lung sections from the
quercetin treated group showed also dose dependent
improvement. Quercetin inhibits the opened mitochondrial
permeability transition pores (mPTP) with the alleviation
of different cellular degenerative changes®”. Furthermore,
quercetin is connected to the mitochondrial DNA replication
and oxidative phosphorylation via PGC-1a (Peroxisome
proliferator activated receptor gamma coactivatorl-alpha),
a co-activator of genest!. Additionally, quercetin increases
Keap1/Nrf2 expression (self-anti-oxidative stress pathway)
improving endothelial cell functionst.

Taken altogether, it could be concluded that quercetin
has an ameliorating effect on the histological structure of
the lung tissue in acute lung injury model of adult male
albino rats in dose dependent manner. So, quercetin may be
useful in the treatment of acute lung injury especially when
used in a high dose.
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