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ABSTRACT

Background: Sepsis is a clinical disease characterized by systemic inflammatory reactions
following infection that can lead to multiorgan failure. Acute Lung Injury (ALI) isa common ailment
with increased morbidity and fatality rates worldwide. Objectives: The present investigation was
planned to investigate the salutary activities of uvaol against Lipopolysaccharide (LPS)-exposed
ALl in mice. Materials and Methods: The 5 mg/kg of LPS was exposed to the mice for 3 days
through the intra-tracheal route to initiate the ALI, and 5 and 10 mg/kg, respectively, of uvaol were
administered orally for 3 days the LPS challenge. The mice were scarified under anesthesia, lungs
were excised, and wet and dry weights were weighed accurately. All the biochemical parameters,
including apoptosis, inflammation, and oxidative stress marker levels, were assessed using the
respective assay kits. Results: The uvaol (5 and 10 mg/kg) treatment effectively diminished
pulmonary edema, total protein, and LDH activity in the ALI mice. The MDA was reduced, and the
GSH and SOD levels were increased by the uvaol. The uvaol effectively reduced the inflammatory
cytokines and infiltrations in the ALI mice. The PGE-2, iNOS, and COX-2 levels in the BALF of ALI
mice were effectively reduced by the uvaol. The Bax and caspase-3 expression was reduced, and
the Bcl-2 was elevated by the uvaol. The outcomes of histopathological analysis also supported
the therapeutic potential of uvaol against ALI. Conclusion: In conclusion, the outcomes of the
current exploration highlighted that uvaol considerably prevented the LPS-exposed ALl in mice
via its antioxidant and anti-inflammatory effects. Hence, it can be concluded that uvaol can be
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employed in the treatment of ALl in the future.
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INTRODUCTION

Sepsis is the primary cause of mortality in critical care medicine,
with an increasing prevalence each year. Sepsis is characterized
by systemic inflammatory reactions following infection that can
result in multiorgan failure. Sepsis has recently been identified
as a pivotal cause of mortality.! Acute Lung Injury (ALI), a
disease condition with increased morbidity and fatality rates, is
a substantial and diffuse lung injury due to a number of factors.
The lung edema and poor gas exchange are hallmarks of this
condition, which is caused by alveolar epithelium damage,
inflammatory cell infiltrations, and an increase in lung vascular
permeability.? It is regarded as the main reason of fatalities in
patients receiving critical care. ALI is classified as severe clinical
illnesses with a death rate of 26-58%, posing a significant public
health concern each year.?
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Organ failure induced by sepsis is exceedingly complex,
comprising dysregulated systemic inflammation generated by
invading bacteria or their byproducts. Lipopolysaccharide (LPS)
is extensively occur in the cell wall of gram-negative bacteria
that causes inflammatory reactions and oxidative stress.* It was
highlighted that LPS is a primary initiator of the inflammatory
and pathological reactions found in septic shock patients.
ALI occurs when a serious infection or other factors produce
endothelial barrier disruption, which leads to the migration of
inflammatory cells into the pulmonary system. Multiple immune
cascades can be initiated by LPS since it stimulates a wide
variety of pro-inflammatory mediators. Animal models of ALI
triggered by LPS have been extensively employed in recent years
for research into both ALI therapeutics and the mode of action
of these medications.® In prior investigations, LPS was utilized
to establish bacterial infection-caused ALIL Since LPS causes
inflammation, encourages leukocyte penetration, and severely
impairs normal lung functioning, as previously documented,
it promotes secondary injury to the lungs and accelerates the
progression of ALL”®
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LPS causes inflammation in the lungs after being inhaled through
the nose because it damages lung parenchyma, produces proteases
and ROS, and activates lung inflammatory cells in the interstitial
regions. Vascular damage, including diffuse pulmonary injury,
bleeding, swelling, and fibrin deposition, occurs at the end.” The
LPS-exposed ALI model is a well-established model to assess
the impacts of medications on ALI; furthermore, LPS treatment
has been shown to cause several pathological alterations in
the lungs."” It has been well stated that inflammation and
oxidative stress play a significant role in the ALI progression."!
Dysregulated pulmonary functioning and cell death in the lungs
are the internal outcomes of ALI due to oxidative damage.'* The
significant increase in inflammation is the most consistent trait in
animal models exposed to LPS. After being triggered, neutrophils
accumulate at the site of injury and release inflammatory
mediators.”

There is a lack of efficient treatments and specialized medications
for treating ALI because its mechanisms have not been adequately
explained up to this point. At present, mechanical ventilation and
corticosteroid medication remain the mainstays of treatment,
along with treating the underlying cause. Unfortunately,
pharmacological approaches have not been successful in lowering
mortality rates. Therefore, novel medicines that are both safe and
effective are required to improve the clinical outcomes of ALI
patients.” Uvaol, a pentacyclic triterpene, is a major bioactive
compound that occurs abundantly in olives (Olea europaea).”
Uvaol is highlighted to demonstrate numerous biological effects,
such as antioxidant,'® anti-inflammatory,”” vasodilator effects,'®
antitumor," and wound healing® properties. In addition, uvaol
is highlighted as interfering with allergic inflammatory reactions
via disturbing leucocyte recruitment and cytokine production at
the inflammatory sites.?' Therefore, we hypothesized that uvaol
could be beneficial in ameliorating the allergen-induced sepsis.
Henceforth, the present exploration is planned to investigate the
salutary activities of uvaol against LPS-induced ALI in mice.

MATERIALS AND METHODS

Reagents

The following chemicals, including uvaol, LPS, etc., were acquired
from Sigma-Aldrich, USA. All the assays for the estimation
biochemical assays were procured from Thermofisher, USA;
Biocompare, USA; and Mybiosource, USA, respectively.

Experimental mice

The 3-4-week-old healthy BALB/c mice were employed in this
exploration. The mice were housed in clean polypropylene cabins
with free access to the pellet food. Mice were caged in a proper
laboratory setting with a temperature of 24°C, air moisture of
60-70%, and 12 hr light and dark cycles. Each mouse underwent

272

acclimation to the laboratory settings before the initiation of
experiments. All the animals’ experiments were approved by the
institutional animal ethics committee.

Experimental design

The acclimated mice were alienated into four groups. Group I mice
were control. Group II mice were subjected to a 3-day exposure
of 5 mg/kg of LPS through the intra-tracheal route to initiate the
ALIL The mice from groups III and IV were treated with 5 and 10
mg/kg, respectively, for 3 days before exposure to the LPS. After
the completion of the treatments, the mice were anesthetized,
sacrificed, and their lung tissues excised. After collection, the
tissues were weighed accurately to get a wet weight. After that, the
lungs were dehydrated in an oven at 80°C, then weighed properly
to get a lung dry weight.

Broncho Alveolar Lavage Fluid (BALF) preparation

The BALF was collected by injecting 30 mL of saline aliquots into
the middle right lobe of control and treated mice. After collecting
the BALE, it was centrifuged at 6000 rpm for 5 min. The upper
aqueous phase was utilized for the biochemical calculations,
which ensured that no cell debris was present. Cells in the BALF
fluid pellets was determined using differential cell counting.
The total protein was assessed by Lowry’s method, and the LDH
activity was analyzed using assay kits (Biocompare, USA).

Assay of oxidative stress biomarkers

The corresponding assay kits were employed to assess the status
of oxidative and antioxidant biomarkers like MDA, GSH, and
SOD in the lung tissue samples from control and treated mice.
Each assay was conducted thrice using prescribed guidelines of
the manufacturer (Mybiosource, USA).

Assay of pro-inflammatory cytokines

The cytokine levels including IL-6 and TNF-a in the BALF of the
experimental mice were quantified using corresponding assay
kits. Each assay was conducted thrice using prescribed guidelines
of the manufacturer (Mybiosource, USA).

Assay of inflammatory markers

The status of inflaimmatory mediators like PGE-2, iNOS,
and COX-2 in the BALF of the mice were estimated using
corresponding assay kits. Each assay was conducted thrice using
prescribed manual of the manufacturer (Thermofisher, USA).

Analysis of apoptotic marker levels

The Bax, Bcl-2, and caspase-3 expressions in the BALF of the
mice was investigated using the corresponding assay kits. Each
assay was conducted thrice using prescribed guidelines by
manufacturer (Mybiosource, USA).
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Histopathological analysis

The lungs were processed with 10% formalin and paraffinized
using paraffin wax. The paraffinized lung tissues were then cut
into slices of 5 pum diameter using a rotary microtome. Then slides
were deparaffinized and stained using eosin and hematoxylin.
Finally, an optical microscope was employed to investigate
the histological alterations in the lung tissue sections at 40x

magnification.

Statistical analysis

One-way ANOVA and Tukey’s post hoc assay was performed to
assess the values obtained from each assay. Values are validated
statistically using SPSS and given as a mean+SD of triplicates
with p<0.05 as significant.

RESULTS

Uvaol decreases the lung W/D weight ratio, LDH
activity, and total protein level in the BALF of the
experimental mice

Figure 1 shows the total protein, LDH activity, and lung W/D
weight ratio in the control and treated mice. As indicated in
Figure 1, the ALI mice revealed a severe increase in the lung
W/D weight, LDH activity, and total protein in the BALF when
compared with control. However, the uvaol (5 and 10 mg/
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kg) treatment considerably diminished the total protein, LDH
activity, and W/D weights in the ALI mice, which proves its
beneficial properties against the ALI in mice.

Uvaol inhibits the inflammatory cell infiltration and
MPO activity in the experimental mice

The inflammatory cell counts and MPO activity in the BALF
were assessed, and the outcomes were revealed in Figure 2.
The neutrophils, macrophages, lymphocytes, eosinophils, and
total cell counts were severely augmented in the BALE. The ALI
mice also exhibited a remarkable elevation in MPO activity.
Nonetheless, the 5 and 10 mg/kg of uvaol treatment considerably
diminished the inflammatory cell counts and decreased the MPO
activity in the BALF. These findings witness the anti-inflammatory
properties of uvaol against the ALI condition.

Uvaol treatment increases the antioxidants in the
experimental mice

As demonstrated in Figure 3, the MDA level increased drastically
while the SOD and GSH levels diminished in the lung tissues of
the ALI mice when compared with the control. Interestingly, the
5 and 10 mg/kg of uvaol effectively diminished the MDA while
boosted the SOD and GSH levels in the lung tissues of the ALI
mice. These outcomes supported the antioxidant properties of

uvaol against the ALL
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Figure 1: Effect of uvaol on the lung W/D weight ratio, LDH activity, and total protein level in the BALF of the experimental mice.

The values are analyzed by one-way ANOVA and Tukey's post hoc assay by using the SPSS software. The data are represented by
mean=SD of triplicate assays. *' represents p<0.05 when compared with control and ‘#' represents p<0.01 when compared with

LPS-induced ALI mice.
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Figure 2: Effect of uvaol on the inflammatory cell infiltration and MPO activity in the BALF of the experimental mice.

The values are analyzed by one-way ANOVA and Tukey’s post hoc assay by using the SPSS software. The data are represented by
mean=SD of triplicate assays. * represents p<0.05 when compared with control and ‘#' represents p<0.01 when compared with

LPS-induced ALI mice.
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Figure 3: Effect of uvaol on the oxidative stress markers in the experimental mice.

The values are analyzed by one-way ANOVA and Tukey’s post hoc assay by using the SPSS software. The data are represented by
mean=SD of triplicate assays. *' represents p<0.05 when compared with control and ‘#  represents p<0.01 when compared with

LPS-induced ALI mice.

Uvaol decreases pro-inflammatory cytokines in the
experimental mice

The IL-6 and TNF-a contents in the BALF of control and treated
mice were examined, and the findings are illustrated in Figure
4. The increased IL-6 and TNF-a status were noted in the BALF
of LPS-induced ALI mice when compared to control. Whereas,
the 5 and 10 mg/kg of uvaol treatment considerably diminished
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these cytokine levels in the BALE These findings highlight the

anti-inflammatory properties of uvaol.

Uvaol treatment decreases the iNOS, COX-2, and
PGE-2 levels in the experimental mice

Figure 5 demonstrates the levels iNOS, PGE-2, and COX-2 in the
BALF of control and treated mice. The increased iNOS, COX-2,
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Figure 4: Effect of uvaol on the pro-inflammatory cytokine levels in the BALF of experimental mice.

The values are analyzed by one-way ANOVA and Tukey's post hoc assay by using the SPSS software. The data are represented by
mean=SD of triplicate assays. *' represents p<0.05 when compared with control and ‘#' represents p<0.01 when compared with

LPS-induced ALI mice.

154

10

iNOS (pe'mil)
aE

3005
*
i‘ i #
S 200
&
i~
* ]
S 1004
u.-
Group I  Group II Group I Group I'V
*
i
4

0=
Group 1  Group I Group III Group IV

B000=
= G000

E

2
: 40004

fd
= 2000
0

T
Groupl Group II Group II1 Group IV

Figure 5: Effect of uvaol on the iNOS, COX-2, and PGE-2 levels in the BALF of the experimental mice.

The values are analyzed by one-way ANOVA and Tukey's post hoc assay by using the SPSS software. The data are represented by
mean=SD of triplicate assays. *' represents p<0.05 when compared with control and ‘#' represents p<0.01 when compared with

LPS-induced ALI mice.

and PGE-2 levels were observed in the BALF of ALI mice.
Fascinatingly, 5 and 10 mg/kg of uvaol treatment remarkably
reduced the iNOS, COX-2, and PGE-2 levels in the BALF of ALI
mice. These outcomes witness the salutary properties of the uvaol

treatment on the ALI in mice.

Uvaol treatment decreases apoptotic protein
expressions in the BALF of the experimental mice

The expressions of apoptotic proteins like Bax, caspase-3, and
Bcl-2 were examined, and the results are given in Figure 6. The ALI
mice revealed a significant increase in the apoptotic proteins Bax
and caspase-3 expression and diminished the Bcl-2 expression

Indian Journal of Pharmaceutical Education and Research, Vol 58, Issue 1, Jan-Mar, 2024

in the BALF when compared with control. Nonetheless, reduced
Bax and caspase-3 expression and augmented Bcl-2 expression
were observed in the 5 and 10 mg/kg uvaol-treated ALI mice.
These findings proved that the uvaol treatment decreased the

apoptosis of lung cells in the ALI mice.

Uvaol decreases lung histopathological changes in
the experimental mice

The impacts of uvaol on the lung histology of the experimental
mice were examined, and the findings are revealed in Figure
7. The ALI mice demonstrated higher inflammatory cell
infiltrations, alveolar epithelial damage, pulmonary edema, and
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Figure 6: Effect of uvaol on the apoptotic protein expressions in the BALF of the experimental mice.

The values are analyzed by one-way ANOVA and Tukey's post hoc assay by using the SPSS software. The data are represented by
mean=SD of triplicate assays. *' represents p<0.05 when compared with control and ‘# represents p<0.01 when compared with

LPS-induced ALI mice.

alveolar cell death in the lung tissues. Whereas, the 5 and 10 mg/
kg of uvaol treatment exhibited a considerable decrease in lung
histological changes, as seen by decreased inflammatory cell
infiltration, alveolar epithelial damage, and alveolar cell death.
These outcomes highlight that the uvaol treatment prevented the
LPS-triggered histological damage in the lung tissues.

DISCUSSION

ALLI is characterized by various changes in the lung tissue, such
as diffuse alveolar injury, inflammation caused by neutrophils,
lung edema development, and surfactant failure. According to
clinical studies, ALT commonly causes bilateral lung infiltrates,
serious hypoxemia, and lung compliance, which have an impact
on morbidity and frequently result in death.”? ALI leads to
inflammation in the lungs, which manifests as inflammatory
cell invasion, the release of several proinflammatory cytokines,
and alveolar interstitial edema. When the inflammatory cells
are stimulated, inflammatory cytokines are released, disrupting
the integrity of the pulmonary epithelium and endothelium
and causing lung edema. According to Giebelen et al.,” edema
of pulmonary tissues is a sign of both local and systemic
inflammation. Additionally, some of the bronchioles in the
LPS-treated group exhibited deteriorated lining epithelium
and a thick alveolar wall. The extend of pulmonary edema was
quantitatively investigated by assessing the W/D ratio. The
severity of pulmonary edema increases as the W/D ratio rises. Sun
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et al** employed the lung W/D weight ratio to assess the degree of
lung edema. We discovered that uvaol can minimize pulmonary
edema by decreasing the lung W/D weight ratio. This outcome
signifies that uvaol can successfully prevent LPS-triggered lung
edema in ALI mice.

Oxidative stress is now understood to serve a critical function
in the pathophysiology of lung injury. Consistent with previous
research,” we found that LPS-treated mice exhibit aberrant
oxidative stress conditions, as witnessed by the augmented MDA
levels and reduced SOD and GSH levels in the lungs. MDA, a
byproduct of lipid peroxidation,” can serve as an indicator of
oxidative stress. We also measured the antioxidant SOD and
GSH levels in the experimental mice. Antioxidants, including
SOD and GSH, are downregulated in response to LPS treatment,
contributing to lung injury. SOD can convert the superoxide
radicals to hydrogen peroxide, which can then be broken down
by GPx into water and oxygen.” Therefore, boosting SOD and
GSH levels is crucial for protecting cells from oxidative stress.
During ALI the body secretes an excessive amount of ROS,
which surpasses its antioxidant ability and leads to oxidative
stress and harm to lung tissue. Inhibition of oxidative stress has
been shown to alleviate the symptoms of ALL* Similarly, the
outcomes of this work showed that uvaol treatment significantly
mitigated the oxidative stress in the ALI mice. These findings
evidencing the antioxidant potentials of the uvaol treatment on
the ALI condition
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Figure 7: Effect of uvaol on the lung histopathological changes in the experimental mice.

The lung tissues of control mice showed a normal alveolar structures (Group ). The lung tissues of the ALI mice demonstrated
increased inflammatory cell infiltrations (black arrows), alveolar epithelial damages, lung edema (yellow arrows), and
alveolar cell death (blue arrows) (Group Il). The 5 and 10 mg/kg of uvaol treatment exhibited the considerable decrease in
the lung histological changes, as seen by decreased inflammatory cell infiltration, alveolar epithelial damages, and alveolar

cell death (Group Il and IV).

The lung inflammation, which is responsible for the high
death rate, is connected to the fundamental immunological
mechanism of ALI. Macrophages play a significant function
in the pathophysiology of ALL.* Macrophages are crucial for
the onset of inflammation following lung injury by secreting
a variety of cytokines and chemokines that stimulate the
induction and migration of neutrophils and other inflammatory
cells.®® Neutrophils are the earliest immune cells to induce an
immunological reaction and travel to inflammatory sites.”
Activation of neutrophils improves their endothelial adhesion,
migration, and emigration capabilities. The inflammatory cascade
initiated by LPS-stimulated monocytes can worsen lung damage. ™
The outcomes of the current exploration showed that the ALI
mice resulted in increased levels of inflammatory cell infiltration
into the pulmonary tissues. However, the uvaol treatment
considerably mitigated the inflammatory cell infiltrations, which
proves its anti-inflammatory properties.

Pulmonary inflammation contributes significantly to the
development of ALI. After an ALI, the lungs undergo a significant

Indian Journal of Pharmaceutical Education and Research, Vol 58, Issue 1, Jan-Mar, 2024

inflammatory response, and inflammatory cells infiltrate into the
alveolar space, where they produce proinflammatory cytokines
and chemokines like TNF-a and IL-6.* High levels of these
cytokines are thought to be intimately related to lung injury. It has
been shown that TNF-a has a crucial role in many inflammatory
ailments.” TNF-a is produced at a high level within lung tissue,
where it initiates several inflammatory processes that contribute
to the formation of inflammatory responses. IL-6 is a critical
mediator in LPS-induced ALL in addition to its essential role in
inflammation and cell-mediated immunity.** IL-6 stands out as a
very active cytokine that contributes significantly to inflammation.
Several clinical problems, including lung damage leading to acute
respiratory distress syndrome, often accompany LPS exposure
and an increase in IL-6 levels.”” It has already been highlighted
that the exposure to the LPS triggers the generation of TNF-a
and IL-6.% The present outcomes revealed a remarkable elevation
in TNF-a and IL-6 status in the ALI mice. Interestingly, the
uvaol treatment appreciably reduced the IL-6 and TNF-a status
in the ALI mice, which highlights its strong anti-inflammatory
properties.
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Lung cell apoptosis is a crucial cause of the pathogenesis of ALL
Apoptosis is an important mechanism of ALI. For instance, the
mitochondrial cascade serves a pivotal function in apoptosis.’” The
Bax/Bcl-2 genes enter mitochondria and promote mitochondrial
membrane permeability, which results in a reduction in
membrane potential. This, in turn, triggers caspase-9/-3, which
results in cell apoptosis.® In this work, uvaol was found to reduce
apoptosis, which is evidenced by elevated Bcl-2 expression and
reduced Bax and caspase-3 expressions in the pulmonary tissues
of ALI mice, indicating that uvaol may ameliorate ALI in mice.

MPO is a biomarker of neutrophils since its levels are positively
correlated with neutrophil counts in different tissues. It is also
a crucial indicator for assessing the degree of inflammation.
As elevated MPO levels are the most reliable indicator of
neutrophil aggregation, inhibiting them significantly reduces
the inflammatory response.*” NO is produced by the enzyme
iNOS, which is one of the key components of inflammation in
the lung and alveoli. iNOS is a critical player of development
of inflammatory ailments. Therefore, any drug that suppresses
iNOS may reduce the incidence of lung disorders, as excessive
iNOS production is linked to the development of numerous
lung ailments.***" It has been suggested that PGE2, a key lipid
generated by the COX-2-catalyzed process, may contribute to the
activation of inflammation.* Inflammation is intimately linked
to the activity of COX-2, which participates in the processing of
polyunsaturated fatty acids. During the inflammatory process,
when PGE2 synthesis is boosted and cell damage is induced,
COX-2 expression is dramatically upregulated. Hashemi Goradel
et al.”® found that lowering COX-2 levels is effective in treating
ALL In this work, we noted that LPS challenge resulted in a
drastic elevation in MPO, iNOS, PGE-2, and COX-2 levels in the
ALI mice. Whereas, the uvaol treatment significantly suppressed
these levels, which proves the beneficial properties of the uvaol
on the ALL

CONCLUSION

The findings of the current exploration highlighted that uvaol
effectively prevented LPS-induced ALI in mice. The results
revealed that the uvaol treatment considerably reduced lung
edema, inflammation, oxidative stress, apoptosis, and lung injury
in the ALI mice. Therefore, it can be concluded that uvaol can
be employed in the treatment of ALI in the future. Furthermore,
we strongly recommend further molecular-level studies in the
future to clearly understand the precise therapeutic roles of uvaol
against the ALI condition.
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SUMMARY

Sepsis is characterized by systemic inflammatory reactions
following infection that can result in multiorgan failure. Sepsis
has recently been identified as a pivotal cause of mortality. The
uvaol treatment considerably reduced lung edema, inflammation,
oxidative stress, apoptosis, and lung injury in the ALI mice. Uvaol
treatment significantly suppressed MPO, iNOS, PGE-2, and
COX-2 levels, which proves the beneficial properties of the uvaol
on the ALI
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