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ABSTRACT
Introduction: Acute lung injury (ALI) is one of the most dangerous illnesses affecting the lungs. During the COVID-19 
pandemic, many patients developed ALI and ultimately lung failure. Local exposure to lipopolysaccharide (LPS) is associated 
with cytokine production by the lung resulting in the infiltration of neutrophils and other mononuclear cells. Lactoferrin (LF) 
is a glycoprotein that binds iron and may have anti-inflammatory properties.
Aim of the Work: To evaluate the possible therapeutic effects of lactoferrin versus dexamethasone (DEXA) on the structure 
of the lung in a model of lipopolysaccharide-induced acute lung injury in adult rats.
Material and Methods: Thirty-five adult male albino rats were divided randomly into 4 groups. Group I (control group), 
Group II (LPS group), Group III (LPS+LF group), Group IV (LPS+DEXA group). After 24 hours from the injections of both 
LF and DEXA, the lung specimens were processed for hematoxylin and eosin (H&E), periodic acid Schiff (PAS), orcein, 
toluidine blue, and immunohistochemical reaction for inducible nitric oxide (iNOS). Morphometric and statistical analysis 
were also done. 
Results: H&E-stained sections of group II showed marked thickening of interalveolar septa (IAS) with heavy inflammatory 
cell infiltrations (neutrophils and macrophages). Most alveoli appeared narrowed and collapsed. Some bronchiolar epithelium 
appeared desquamated with cellular infiltration. A significant increase in the mean number of goblet cells and mast cells was 
detected. A disruption of elastic fibers was also noticed. A significant increased reaction to iNOS antibodies was also detected. 
On the other hand, the lung structure in group III and group IV showed significant improvement in all parameters. 
Conclusion: Both lactoferrin and dexamethasone showed therapeutic and anti-inflammatory effects in LPS-induced ALI. 
These effects were more prominent in the dexamethasone group than the lactoferrin group as detected by microscopic, 
morphometric, and statistical studies.
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INTRODUCTION                                                                   

Acute lung injury (ALI) is a common but under-
recognized and undertreated disease in critical care medicine 
and has been associated with severe complications[1,2]. 
In the recent COVID-19 pandemic, many patients have 
developed acute respiratory distress syndrome (ARDS) 
with pulmonary edema and lung failure[3].

Acute lung injury results in significant damage and 
inflammation of the lung tissue. Despite the great efforts 
to find new and/ or more active medicines to treat this 
condition, mortality still presents a high rate[4].

Lipopolysaccharide is a component of the Gram-
negative bacterial cell wall, which could induce a 
disturbance in the immune and inflammatory responses. 
Lipopolysaccharide consists of a lipid domain 
(hydrophobic) attached to a core oligosaccharide and a 
distal polysaccharide.  Lipopolysaccharides are composed 
of three components

1. Lipid A: the hydrophobic domain, the primary 
virulence factor, and an endotoxin;

2. The repetitive hydrophilic distal oligosaccharide 
known as O-antigen;

3. The hydrophilic polysaccharide core[5]. 

Administration of LPS has been shown to injure 
epithelial cell layers, induce epithelial cell apoptosis, 
and lead to the release of proinflammatory cytokines, 
chemotactic factors, and reactive oxygen species, 
which cause the aggregation of neutrophilic leukocytes, 
macrophages, and ultimately lung tissue injury[6]. 

Lactoferrin is an iron-binding glycoprotein of 
the transferrin family that was first found in human 
milk[7]. Recent research has shown a growing interest 
in lactoferrin's potential as a preventive measure and an 
adjuvant treatment for many illnesses[8,9].

Moreover, Dexamethasone is a potent, long-lasting 
synthetic glucocorticoid that possesses potent anti-
inflammatory properties[10]. Although DEXA is widely 
used to treat various inflammatory diseases, it has many 
side effects and limitations[11].
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Nitric oxide (NO) is a molecule that is important in 
cellular signaling. It has several physiological functions 
including vasodilation, relaxation of smooth muscles, 
neurotransmission, and in the immune response[12]. 
Inducible NOS is expressed by many cell types such as 
infiltrating inflammatory cells, macrophages, T cells, 
neuroglial cells, and astrocytes[13]. Inducible NOS is distinct 
as it is not constitutively active but is induced by bacterial 
infection and pro-inflammatory cytokines, and therefore 
serves as part of the host immunological defense system. 
However, over-expression of iNOS and subsequently high 
NO levels could contribute to several diseases[14].

AIM OF THE WORK                                                                 

This study aimed to compare the possible therapeutic 
role of LF versus DEXA on the microscopic structure of 
the lung in a model of LPS-induced ALI.

MATERIALS AND METHODS                         
Animals and ethical approval 

Thirty-five adult male albino rats were used in this 
study with a weight ranging from 180-200 gm. They were 
purchased from the Medical Ain Shams Research Institute 
(MASRI). Animals were housed in wire mesh cages at 
normal room temperature with water and food ad libitum. 
The Animal Ethical Committee of the Faculty of Medicine, 
Ain Shams University, provided general standards for the 
care and use of laboratory animals, which were followed 
for all animal procedures; the approval number is: FMASU: 
MS 681/ 2021. 

Chemicals 
• Lipopolysaccharide (LPS): (Escherichia coli 011: 

B4), was obtained from Sigma-Aldrich, Cairo, 
Egypt as a powder container (L2630-10 mg). The 
powder was dissolved in 4 ml saline and injected 
intraperitoneally (I.P) into the rats in a dose of 
(3mg/kg Body weight (B.W))[15]. Injection of LPS 
was used for induction of the ALI model.

• Lactoferrin (LF): Bovine lactoferrin (L9507-
10MG) was obtained as a powder from Sigma-
Aldrich, Cairo, Egypt.  The solution for the 
injection was prepared by dissolving the powder in 
0.5 ml saline and injecting I.P. into the rats (5mg/
rat)[16]. 

• Dexamethasone (DEXA): was obtained from 
AMRIYA Company as prepared ampoule 8mg/2ml. 
It was I.P. injected into rats (5mg/kg. B.W)[17]. 

Experimental design 
After seven days acclimatization period, 35 adult male 

albino rats were randomly classified into four groups: 

Group I (control group): (20 rats), these rats were 
subdivided into four subgroups, 5 rats each. 

• Subgroup IA: Rats received water and food ad 
libitum. 

• Subgroup IB: Rats were injected I.P. with 0.2 ml 
saline. 

• Subgroup IC: Rats were injected I.P. with LF 
(5mg/rat) dissolved in 0.2 ml saline[16]. 

• Subgroup ID: Rats were injected I.P. with DEXA 
(5mg/kg B.W)[17].

Group II (LPS- group): (n=5) rats were given I.P. 
injection of LPS (3mg/kg. B.W)[15]. 

Group III (LF-treated group): (n=5) rats were given 
LPS as in group II. One hour later rats were given I.P. 
injection of LF (5mg/rat). 

Group IV (DEXA-treated group): (n=5) rats were 
given LPS as in group II. One hour later rats were given IP 
injection of DEXA (5mg/kg. B.W). 

Sample collection and preparation of tissue
All animals were sacrificed 24 hours after the last 

injection. Rats were sacrificed after ether inhalation 
anesthesia and both lungs were dissected from the thoracic 
cage. The bodies of the dead animals were disposed of by 
incinerator.

The right lung was processed for histological 
examination and the left lung for immunohistochemical 
examination. The lungs were fixed in 10% formalin 
solution for one week followed by dehydration using 
ascending grades of ethyl alcohol, then the tissues were 
cleared with xylene, impregnated in soft paraffin at 56°C 
followed by embedding in paraffin blocks. Serial sections 
were cut at 4-5 μm thickness and were processed to the 
following techniques: Hematoxylin and eosin stain (H&E), 
orcein stain for elastic fibers, Periodic acid Schiff’s 
reaction (PAS) for goblet cells, and toluidine blue stain for 
mast cells. 

The paraffin blocks of the left lungs were cut 
on positively charged slides and were processed for 
immunohistochemical reaction using (iNOS) antibodies. 
Inducible NOS is expressed in response to proinflammatory 
factors and cytokines.  iNOS antibody (rabbit polyclonal, 
cat# Epredia RB-1605-P1ABX, code: 12623077; at 
dilution of 1/100) was obtained from Lab Vision, Thermo 
Fisher Scientific, Fremont, CA, USA. Sections were 
counterstained with Mayer’s hematoxylin. The positive 
control was rat lung, Negative control sections were 
processed by the same protocol except for the primary 
antibody which was replaced by PBS. Positive immune 
reactions for iNOS appeared as brown cytoplasmic dots or 
granules[18].

Histomorphometric Study
The histomorphometric study was performed by the 

image analyzer at the Histology Department, Faculty of 
Medicine, Ain Shams University using Leica QW in V.3 
image analysis software (Leica Microsystems, Wnetzlar, 
Germany) installed on a Dell Personal Computer (PC) 
(Texas, USA). The PC was connected to a microscope 
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(Leica microsystem, Heerburg, Switzerland). All 
groups were subjected to the morphometric study. All 
measurements were obtained from 5 different fields from 
each section. Five sections from 5 different animals of each 
group and subgroup to measure the mean of the following:

1. 1. The thickness of the interalveolar septum in µm: 
The wall between two adjacent alveolar lumens           
(x 20). 

2. 2. The alveolar space surface area percentage: 
The alveolar space surface area percentage was 
measured using (x 20).

3. 3. The number of goblet cells in PAS-stained 
sections (x 40).

4. 4. The number of mast cells in toluidine blue 
stained sections (x 20).

5. 5. The area percentage of iNOS-positive cells in 
immunohistochemically stained sections (x 40).

Statistical analysis

The measured parameters by the image analyzer 
were statistically analyzed using SPSS program version 
20, IBM Corporation. The mean value and the standard 
deviation (SD) were calculated in different groups. Data 
were evaluated using One-way analysis of variance test 
(ANOVA) to compare between means. Values were 
presented as mean ± (SD). The least significant difference 
(LSD) post-hoc test was done to detect significance 
between groups. The significance of data was determined 
by the P value: P > 0.05 was considered non-significant, 
and P ≤ 0.05 was considered significant. 

RESULTS                                                                               

General observation 

In the control group, all rats appeared in good general 
condition, with normal moving activities in the cages, 
normal sniffing, and digging the sawdust. The extracted 
lungs from all subgroups were pink in color and appeared 
homogenous. On the other hand, in the lipopolysaccharide 
(ALI) group (Group II), the rats were noticed with lower 
energetic activity than the control group. The extracted 
lungs appeared mildly increased in size in comparison 
to the control group. The rats in the lactoferrin group 
(Group III) showed apparently better activities than group 
II. Also, the rats in the dexamethasone group (Group IV) 
showed apparently better activities than groups II and III. 
Moreover, the extracted lungs of group III and group IV 
appeared comparable to those of the control group. All rats 
of all groups remained alive throughout the experiment.

Histological and histomorphometric results 
The control animals of subgroups 1B, 1C, and 1D (data 

not shown) showed similar histological findings as the 
control subgroup 1A in all histological techniques.

The H&E-stained sections
Examination of the H&E-stained sections of the lungs 

of the control subgroups demonstrated a sponge-like 
appearance. The lungs consisted of terminal bronchioles 
of variable sizes, numerous patent alveoli, alveolar sacs, 
and alveolar ducts. The terminal bronchioles were lined by 
simple columnar epithelium with Clara cells (club cells) 
having dome-shaped apices. Alveoli opening in respiratory 
bronchioles which were lined by cuboidal epithelium were 
detected. Alveoli and alveolar sacs were lined by Type I 
and type II pneumocytes. Type I pneumocytes appeared 
flat with flattened nuclei. Type II pneumocytes were seen 
as scattered cuboidal cells with rounded nuclei, foamy 
cytoplasm, and bulging into the alveolar lumen. Thin 
interalveolar septa were seen between the alveolar spaces 
consisting of a thin layer of connective tissue with many 
small blood capillaries (Figures 1A-C). Examination 
of the H&E-stained sections of the lipopolysaccharide-
treated group showed marked focal structural changes in 
the lung. Some areas appeared more greatly affected than 
others. The most prominent findings were the massive 
infiltration of mononuclear cells around the bronchioles, 
blood vessels, and in the IAS and in alveoli. In certain 
areas, the mononuclear cellular infiltration could be seen 
in the lumen of alveoli. Most mononuclear cells were 
neutrophils, eosinophils, and macrophages. Neutrophils 
were identified by their segmented nuclei, eosinophils 
by their characteristic acidophilic cytoplasm and bilobed 
nuclei, and macrophages by their large size and basophilic 
cytoplasm. The epithelium of most bronchioles appeared 
occasionally desquamated and shed in the lumen. Most 
alveoli showed an apparent narrowing of the alveolar space 
with total collapse in certain areas. Some regenerated 
alveoli were lined by cuboidal cells most probably 
pneumocytes type II. The IAS showed numerous capillaries               
(Figures 1D- H).

Examination of the H&E-stained sections of the 
lactoferrin-treated group showed the structure of the lung 
nearly similar to the control group. All changes were 
apparently less when compared to group II. Most of the 
interalveolar septa appeared thin compared to group 
II with most of the alveoli being patent. Nevertheless, 
mild thickened interalveolar septa were noticed. Mild 
mononuclear cellular aggregation was detected around 
some bronchioles. Most bronchioles showed intact 
epithelium, however, some exfoliation of the lining 
epithelium was detected in a few bronchioles. The alveoli 
were lined by type I and type II pneumocytes. There was 
an apparent mild increased number of type II pneumocytes 
compared to the control group but apparently less than 
group II. The blood vessels appeared similar to those of 
the control group with very few leukocytes infiltrating the 
wall (Figures 1I,J). 

Examination of the H&E-stained sections of the 
dexamethasone-treated group showed that the structure of 
the lung was very similar to the control group. Most of 
the interalveolar septa appeared thin compared to group 
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II and most of the alveoli appeared patent. Nevertheless, 
minimal thickening in the wall of the interalveolar septa 
was noticed. Minimal mononuclear cellular aggregation 
was detected around some bronchioles. Most bronchioles 
showed intact regular epithelium with less desquamated 
epithelium in the lumen. Type I and type II pneumocytes 
lined the alveoli. The blood vessels appeared similar to the 
control group (Figures 1K). 

These findings were confirmed with morphometric 
and statistical analysis. A significant decrease in the 
mean surface area percentage of the alveolar spaces 
and a significant increase in the mean thickness of the 
interalveolar septa (IAS) of the LPS and LF groups were 
noticed compared to the control subgroup IA. In the LF 
and DEXA groups, there was a significant increase in the 
mean surface area percentage of the alveolar spaces and 
a significant decrease in the mean thickness of the IAS 
compared to the LPS group. However, a non-significant 
decrease in the mean surface area percentage of the 
alveolar spaces and a significant increase in the mean 
thickness of the IAS was noticed between DEXA and the 
control subgroup IA. (Table 1)

Toluidine blue-stained sections of the lung

Examination of tolidine blue of the lung sections of 
the control subgroups showed an apparently few mast 
cells in the interalveolar septa (Figure 2A). Sections of the 
LPS group showed an apparent increase in the number of 
metachromatically stained mast cells in the interalveolar 
septa. (Figure 2B). After treatment with LF (group III) the 
lung tissues showed few metachromatically stained mast 
cells in the wall of the bronchiole and the interalveolar 
septa (Figure 2C). Apparent few metachromatically 
stained mast cells were detected in the interalveolar septa 
in the DEXA group (Figure 2D). In the LPS and LF 
groups, a significant increase in the mean number of mast 
cells was noticed compared to the control subgroup IA.  
A significant decrease in the LF and DEXA groups was 
noticed compared to group LPS group. However, there was 
a non-significant change in the mean number of mast cells 
between the control subgroup IA, LF, and DEXA groups 
(Table 1)

PAS-stained sections of the lung

The control subgroups showed few scattered PAS-
positive goblet cells in the lining epithelium of the 
bronchial passages (Figure 3A). While the LPS group 
showed an apparent increase in the number of goblet 
cells in the lining epithelium of bronchioles compared 

to the control group (Figure 3B). After treatment with 
lactoferrin and DEXA, the lungs showed an apparent 
decrease in the number of PAS-positive goblet cells in the 
lining epithelium of bronchioles as compared to group II                                                        
(Figures 3C, D) respectively. In the LPS and LF groups, 
a significant increase in the mean number of PAS-positive 
goblet cells was detected compared to the control subgroup 
IA. A significant decrease in the mean number of PAS-
positive goblet cells was noticed in LF and DEXA groups 
compared to group II. Moreover, a significant decrease 
in the mean number in the DEXA group was noticed 
compared to the LF group (Table 1).

Orcein-stained sections of the lung 

The control subgroups showed prominent elastic 
fibers in the wall of bronchioles, blood vessels, and 
alveoli (Figure 4A). With LPS the lung tissues showed an 
apparent decrease in the elastic fiber content compared to 
the control group. Elastic fibers appeared discontinuous 
around the wall of the bronchioles, and alveoli. However, 
the elastic fibers around blood vessels were not affected. 
(Figure 4B). After treatment with LF and DEXA the lung 
tissues showed elastic fibers in the wall of bronchioles, 
alveoli, and blood vessels similar to the control group. In 
the DEXA group, the elastic fibers were apparently not 
affected (Figures 4C,D) respectively. 

The immunohistochemical staining for induced 
nitric oxide synthase (iNOS)

The control subgroup showed weak positive 
cytoplasmic immunoreaction in the epithelium of the 
alveoli and bronchioles. (Figures 5A,B). In the LPS-treated 
group, the sections showed a strong positive immune 
reaction to iNOS antibodies compared to the control group. 
This was detected in the cytoplasm of cells lining the 
alveoli, cells in the interalveolar septa, and those lining the 
bronchioles (Figures 5C,D). The sections treated with LF 
showed moderate positive immunoreactions to iNOS in the 
cytoplasm of the cells lining the bronchioles, and alveolar 
epithelium compared to group II (Figures 5E,F). In the 
DEXA-treated group, there was a weak positive immune 
reaction to iNOS in the epithelial lining of bronchioles, and 
alveolar epithelium compared to groups II and III (Figures 
5G, H). A significant increase in the mean area percentage 
of iNOS-positive cells in LPS and LF-treated groups 
compared to the control group. A significant decrease was 
detected in the LF and DEXA groups compared to the LPS 
group. However, there was a non-significant change in the 
mean area percentage of iNOS-positive cell between the 
control subgroup IA, LF, and DEXA groups (Table 1).
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Fig. 1: Photomicrographs of H&E-stained lung sections from different groups. [A, B, C] control subgroup IA: bronchiole (B); dome-shaped club cells (↑); smooth 
muscle fibers (SM) in the bronchiolar wall; Lung alveoli (A), alveolar sacs (AS), blood vessels (V), flat type I pneumocytes (I), cubical type II pneumocytes 
with round nuclei (II), interalveolar septa (S), capillaries (C). [D, E, F, G] LPS (ALI) group: [D,  E, F(a,b)]: bronchiole (B), mononuclear cells infiltrating the 
wall (▲); separation and desquamation of bronchiolar epithelium (curved arrow), narrow alveoli (A) collapsed alveolar areas (*), thickened interalveolar septa 
(↕), macrophages (MQ), type II pneumocytes (↑), dilated capillaries (C), neutrophils (N), eosinophils (E). (F): Notice the presence of submucosal glands (white 
arrow). [G] mononuclear cellular infiltration surrounding the alveolar lumen and the inflammatory cells aggregating in the interalveolar septum; neutrophils 
(N), foamy macrophages (MQ), and eosinophils (E). Inset: regenerated alveoli lined by type II pneumocytes (↑). [H, I] LF-treated group: normal bronchiole (B), 
cellular infiltration (*), thickening of interalveolar septa (↕), alveolar duct (AD), patent alveoli (A), thin wall blood vessel (V), type I pneumocytes (I↑), type 
II pneumocytes (II↑). [J, K] DEXA treated group: bronchiole (B), patent alveoli (A), alveolar sacs (AS), blood vessel (V), alveolar ducts (AD), inflammatory 
cells (▲), type I (I) and type II (II) pneumocytes, mildly thickened interalveolar septa (↑). [A, D, H, J × 100, scale bar: 200 μm] [B, C, E, F, G, I, K × 400, 
scale bar: 50 μm]

Fig. 2: Photomicrographs of toluidine blue stain in lung sections from different groups ×400, (scale bar: 50 μm). [A] control subgroup IA showing one mast 
cell in interalveolar septa (↑). [B] The LPS-(ALI) group showing an apparent increase in the number of metachromatically stained mast cells in the interalveolar 
septa (↑). [C, D] The LF and DEXA-treated groups respectively showing an apparent few mast cells in the wall of bronchiole (B) and interalveolar septa (↑).
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Fig. 3: Photomicrographs of PAS stain in lung sections from different groups ×400, (scale bar: 50 μm). [A] Control subgroup IA: showing few PAS-positive 
goblet cells (↑) in the lining epithelium of a bronchiole (B). [B] The LPS-treated group showing an increase in PAS-positive goblet cells (↑) in the lining 
epithelium of the bronchiole. [C, D] The LF and DEXA-treated groups respectively: few PAS-positive goblet cells (↑) in the lining epithelium of the bronchiole 
(B). 

Fig. 4: Photomicrographs of orcein stain in lung sections from different groups ×400, (scale bar: 50 μm). [A] control subgroup IA showing elastic fibers (↑) in 
the wall of a bronchiole (B), alveoli (A), and blood vessel (V). [B] The LPS-treated group showing discontinuous elastic fibers (↑) in the wall of a bronchiole 
(B) and alveoli (A) blood vessel (V). [C, D] The LF and DEXA-treated groups respectively showing prominent elastic fibers (↑)in the wall of a bronchiole (B), 
alveolar sac (AS), and blood vessel (V).
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Fig. 5: Photomicrographs of iNOS immunoreaction in lung sections from different groups ×400, (scale bar: 50 μm). [A, B] control subgroup IA showing a weak 
positive iNOS immunoreaction (arrow) in the epithelium of alveoli (A) and bronchiole (B). [C,D] The LPS-treated group showing strong cytoplasmic positive 
iNOS immunoreactions  (↑) in the cells lining the alveoli and in the epithelium of the bronchiole. [E,F] The LF-treated groups showing an apparent moderate 
positive cytoplasmic iNOS immune reaction (↑) in cells of alveolar epithelium and in the epithelium of bronchiole. [G,H] DEXA treated group showing a weak 
positive cytoplasmic iNOS immune reaction (↑) in the alveolar epithelium (A) and in the epithelium lining of a bronchiole (B).

Table 1: The effect of LPS, LF, and DEXA on the mean of the alveolar space surface areas, thickness of the interalveolar septum, mean 
number of PAS-positive goblet cells, mean number of mast cells and mean area percentage of iNOS positive cells in different groups

The mean value Control subgroup IA LPS LPS+LF LPS+DEXA

The mean alveolar space surface area percentage 64.20 (± 8.8) 33.46 (± 6.6)* 56.17 (± 8.1)*# 61.16 (± 4.1)#

The Mean thickness of interalveolar septa 6.2 (± 0.64) 14.1 (± 0.86)* 9.2 (± 1.27)*# 7.9 (± 1.18)*# ●

The Mean number of PAS-positive goblet cells 3.2 (±0.8) 31.6 (±5.6)* 11.2 (±2.9)*# 5.4 (±1.2)#●

Mean number of mast cells 2.3 (±0.94) 11.5 (±2.04)* 3.6 (±1.04)*# 2.8 (±0.80)#

Mean area percentage of iNoS positive cells 0.1% (±0.03) 1.7% (±0.59)* 0.4% (±0.89)*# 0.3% (±0.81)#

Data are mean ± SD of 5 rats per group. *P < 0.05, vs. control subgroup IA; #P  < 0.05, vs LPS group, ● P  < 0.05, vs LPS+LF group, LPS: lipopolysaccharide, 
LF: lactoferrin, DEXA: dexamethasone by One-way ANOVA with Tukey post hoc test. 

DISCUSSION                                                                           

Acute lung injury is a major cause of respiratory failure 
disease. It affects the lung structure by producing severe 
lung inflammation and alveolar damage and has a high 
mortality rate[3].

This study was designed to assess the therapeutic use of 
LF versus DEXA on the structure of the lung in a model of 
LPS-induced acute lung injury. 

LPS is a well-established model for the investigation of 
ALI as it mimics acute lung inflammation and the associated 
histological findings in the lung[19]. The mechanisms by 
which LPS causes lung injury include increased production 
of reactive oxygen species, inflammatory cell activation, 
and cytokines release which are similar to those occurring 
in cases of ARDS[20].

In the present study, light microscopic examination 
of lung specimens from rats injected with LPS showed 
manifest focal affection of lung structure. large areas 
of mononuclear cellular infiltrations were detected in 
many sections with numerous neutrophils, eosinophils, 
and macrophages and shedding of the epithelium. The 
increased infiltration of mononuclear cells detected 
subsequently led to the narrowing of the alveolar spaces. 

These findings agreed with Hsieh et al.[21] and Zeng                                                        
et al.,[22] they explained that the filtration of the activated 
inflammatory cells in the alveolar wall leads to the release 
of inflammatory cytokines like tumor necrosis factor-
alpha (TNF-α), IL-1β, iNOS from airway epithelium and 
activation of reactive oxygen species and oxidative stress. 
Another mechanism was described by Ciesielska et al.,[23], 
where LPS induced inflammation through the activation 
of nuclear factor-κB (NF-κB) and increased the expression 
of inflammatory cytokines such as IL-1β, IL6, and TNF-α 
to modulate inflammatory reactions. These inflammatory 
cytokines lead to the shedding of epithelium and pulmonary 
edema. 

lipopolysaccharides increased the degradation of 
the epithelium glycocalyx and destroyed tight junction 
proteins: occludin, and claudin 4, leading to an increase 
in the permeability of the alveolar barrier and exudation 
of inflammatory cells. Also, LPS disrupts the endothelial 
barrier which increases the infiltration of blood proteins, 
toxic substances, and immune cells into the vessel wall[24].

Damage of alveolar epithelium by LPS led to an apparent 
increase in type II pneumocytes. Type II pneumocytes are 
considered stem cells that underwent proliferation in an 
attempt to repair the degenerated epithelium[25]. 
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In the present study, the foamy macrophages were 
observed in the sections of the lung that were exposed 
to LPS. macrophages can be divided into two types; 
classically activated phenotype (M1) which is linked 
to pro-inflammatory responses, and the alternatively 
activated phenotype (M2) which plays a key role in anti-
inflammatory reactions[26]. Injury to pneumocytes II led 
to the release of stored lipids in extracellular space to be 
taken by macrophages. The presence of oxidized lipids 
inside macrophages led to changes in the gene expression 
of macrophages (M2) that help the process of repair by 
suppressing the immune response in the lung[27]. Neutrophils 
can stimulate the proliferation of type II pneumocytes. The 
neutrophils don’t elicit inflammation only, but also share in 
initiating the repair[28].

A significant increase in the number of mast cells 
was noticed in the current study with LPS compared to 
the control group. LPS was able to aggravate an existing 
inflammatory state in allergic airway inflammation via T 
helper cell 2 cytokine production[29]. Mast cell proteases 
play critical roles in the recruitment of both neutrophils and 
eosinophils to sites of inflammation[30]. This could explain 
increased neutrophils and eosinophils in the LPS group 
of the present study. Similarly, the release of histamine 
from mast cells enhances adhesion molecule expression, 
and P-selectin upregulation which mediates neutrophil 
adhesion and recruitment[31].

The LPS group in the present study showed a 
significant increase in the number of PAS-positive goblet 
cells compared to the control group. Similarly, it was 
reported that LPS resulted in goblet cell proliferation and 
hyperplasia[32]. LPS-induced mucin secretion in goblet 
cells could occur through the LPS-dependent pathway or 
IL-8-dependent pathway, or both pathways[33].

Submucosal glands were detected in the present study 
in the wall of the bronchioles in the LPS-treated group, 
these findings go with Yanagihara et al. who proved that 
LPS induces mucous cell metaplasia in mouse lungs[34].

Lipopolysaccharides cause an apparent decrease in 
the amount of elastic fibers in the lung which leads to 
decreased lung tissue resistance, as elastic fibers regulate 
tissue resistance and elastance. These findings agreed 
with Monção-Ribeiro et al.[35]. Lipopolysaccharides cause 
ARDS which leads to a decrease in lung compliance and an 
increase in lung resistance and pulmonary edema[36].

In the present study, LPS induced the expression 
of iNOS in the inflammatory cells in the IAS and in the 
bronchial epithelium The expression occurred in various 
pulmonary cell types such as macrophages, neutrophils, 
bronchial epithelium, and pulmonary artery smooth 
muscle cells[37]. Lipopolysaccharides increase the secretion 
of cytokines from macrophages and neutrophils which are 
known as an important source of expression of the high 
level of iNOS leading to more increase in the expression 
of NO[38].

In the present study, the microscopic examination of 
lung sections of rats injected intraperitoneally by LPS and 
Lactoferrin showed improvement with mild affection of 
the structure of the lung. These findings were confirmed 
with histological and morphometric analysis. These agreed 
with Li et al.,[39], who referred the improvement to the anti-
inflammatory, antioxidant properties and the protective 
role of LF against various microbial infections.

Many authors suggested the action of LF to reduce LPS-
induced lung inflammation, Gupta et al.[40] suggested that 
the bactericidal activity of LF was through the destruction 
of the gram-negative bacteria outer membrane and the 
immunoregulator effect by enhancing the cytotoxicity 
of natural killer cells and monocytes and decreasing the 
release of TNFα, IL-1, and IL-2. Lactoferrin inhibits the 
LPS action by binding with CD14 on monocytes and 
macrophages[41]. They added that LF acted as LPS binding 
protein which had a high affinity and competed with other 
binding proteins, therefore it interfered with the action of 
LPS. 

The biological activities of LF were through its 
binding with membrane receptors as CD14, TLR2, 
TLR4, intelectin-1, and cytokine receptor 4[3]. Or through 
regulation of the NFκB/MAPK pathway, decreased the 
release of reactive oxygen species, and maintained barrier 
integrity[42]. 

Lu et al.,[43], explained the antibacterial activity of 
LF towards different bacterial pathogens to be through 
the sequestration of iron, targeting bacterial virulence 
mechanisms, destabilization of the membrane, and invasion 
of host cells and proved that LF can decrease the level of 
nitric oxide and TNF-α as well as decreasing iNOS.

In the present study, the microscopic examination, and 
the morphometric and statistical analysis of the lung tissues 
of rats injected intraperitoneally by LPS and DEXA showed 
that the structure of the lung was very similar to the control 
group with minimal affection on the lung tissue. It was 
reported that dexamethasone decreased lung inflammation 
in the lung injury induced by LPS by regulating the 
expression of the TLR-4 pathway and decreased lung 
myeloperoxidase[44]. Dexamethasone appeared to have 
an inhibitory effect on leakage in the microvasculature. 
This effect is thought to diminish the cellular sources 
of proinflammatory and vasoactive mediators, and 
possibly by a direct inhibited permeability effect on the 
microvasculature. This led to reduced pulmonary edema 
and improved histological changes[45].

In the present study, DEXA decreased mucus secretion, 
goblet cells in the airways of LPS-induced acute lung 
injury, prevented collagen increment, inhibited elastic 
fragmentation, and caused minimal positive immune 
reaction to iNOS antibodies-stained sections these findings 
agreed with the authors[46,47,48]. 

Cytokine-stimulated inducible nitric oxide synthase 
(iNOS) gene expression is dependent on NF-κB activation 
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and is suppressed by dexamethasone. Meanwhile, 
dexamethasone markedly suppressed iNOS mRNA and 
protein expression[42].

CONCLUSION                                                                    

LPS injection resulted in marked changes in lung 
structure which mimicked acute lung injury. Administration 
of lactoferrin or dexamethasone at the time of acute lung 
injury had a protective, ameliorative, and therapeutic effect 
on the lung through the anti-inflammatory and antioxidant 
effects of both. The therapeutic effects of dexamethasone 
were more prominent than lactoferrin. 
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الملخص العربى

اللاكتوفيرين مقابل الديكساميثازون في نموذج لإصابة الرئة الحادة في الفئران البالغة: 
دراسة نسيجية وهستوكيميائية مناعية

بريهان علاء مرزوق، حنان علاء الدين صالح، دعاء رمضان صادق
قسم قسم الهستولوجيا، كلية الطب، جامعة عين شمس

ارتشاح  إلى  يؤدي  مما  الرئة،  بواسطة  السيتوكين  بإنتاج  الدهني  السكاريد  عديد  لـ  المحلي  التعرض  يرتبط  الخلفية: 
العدلات وإصابة الرئة الحادة وهي واحدة من أخطر الأمراض التي تؤثر على الرئتين. خلال جائحة كوفيد-19، أصيب 
العديد من المرضى بالالتهاب الرئوي الحاد وفي النهاية فشل الرئة. اللاكتوفيرين هو بروتين سكري يرتبط بالحديد وقد 

يكون له خصائص مضادة للالتهابات.
  الهدف من العمل: تقييم التأثيرات العلاجية المحتملة للديكساميثازون مقابل اللاكتوفيرين على بنية الرئة في نموذج عديد 

السكاريد الدهني الناجم عن إصابة الرئة الحادة في الجرذان البالغة.
المواد والطرق: تم تقسيم خمسة وثلاثين ذكوراً من الجرذان البيضاء البالغة عشوائياً إلى أربع مجموعات. المجموعة 
عديد  (مجموعة  الثالثة  المجموعة  الدهني)،  السكاريد  عديد  (مجموعة  الثانية  المجموعة  التحكم)،  (مجموعة  الأولى 
 24 بعد  +الديكساميثازون).  الدهنيى  السكاريد  عديد  (مجموعة  الرابعة  اللاكتوفيرين)المجموعة   + الدهني  السكاريد 
ساعة من حقن كل من اللاكتوفيرين و الديكساميثازون تمت معالجة عينات الرئة للهيماتوكسيلين والايوسين ، وحمض 
شيف الدوري ,والأورسين، والتولويدين الأزرق، والتفاعل الكيميائي المناعي لأكسيد النيتريك المحفز. كما تم إجراء 

التحليلات المورفومترية والإحصائية.
النتائج: أظهرت المقاطع للهيماتوكسيلين والايوسين من المجموعة الثانية سماكة ملحوظة في الحاجز بين الحويصلات 
تم  ومتهتكه.  الهوائية ضيقة  الحويصلات  معظم  بدت  والبلاعم).  (العدلات  الثقيلة  الالتهابية  الخلايا  تسلل  مع  الهوائيه 
الكشف عن زيادة كبيرة في متوسط عدد الخلايا الكأسية والخلايا البدينة. ولوحظ أيضًا خلل في الألياف المرنة. كما تم 
اكتشاف زيادة كبيرة في التفاعل مع الأجسام المضادة لأكسيد النيتريك المحفز. من ناحية أخرى، أظهرت بنية الرئة في 

المجموعة الثالثة والمجموعة الرابعة تحسنا كبيرا في جميع المعايير.
الاستنتاج: أظهر كل من اللاكتوفيرين والديكساميثازون تأثيرات علاجية ومضادة للالتهابات في إصابة الرئة الحادة 
الناجم عن عديد السكاريد الدهني. وكانت هذه التأثيرات أكثر وضوحًا في الديكساميثازون مقارنة باللاكتوفيرين كما تم 

اكتشافها من خلال الدراسات المجهرية والمورفومترية والإحصائية. 


