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Abstract

Objective: Acute pancreatitis (AP)-related acute lung injury (ALI) remains a significant
clinical challenge. This study evaluated the protective effects of oroxylin A (OroA), a
flavonoid compound, on AP-associated pulmonary inflammation and injury.

Methods: Rats were randomized into sham, AP (sodium taurocholate 1mg/kg, iv),
and AP+OroA (10/20/30mg/kg, ip) groups. OroA was administered 30 minutes prior
to taurocholate challenge. Animals were euthanized at 3, 6, 12, and 24 hours post-
treatment. Pulmonary function, inflammatory markers, and histological changes were
analyzed.

Results: Taurocholate induced significant hypoxemia (Pa0O,|32%), pulmonary edema
(W/D ratio}80%), and inflammation (MPO1210%, NO1180%, HMGB11350%). OroA
pretreatment dose-dependently reversed these alterations (P<0.05). Mechanistically,
OroA suppressed NF-kB activation and subsequent inflammatory mediator release.

Conclusion: OroA pretreatment effectively mitigates AP-induced ALI through NF-xB
inhibition, suggesting its potential as a novel therapeutic agent.
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1 INTRODUCTION

Acute pancreatitis (AP) has emerged as a significant
clinical challenge in gastroenterology, with rising incidence
rates reported globally'”!. Approximately 20-30% of cases
progress to severe AP, triggering a biphasic inflammatory
response characterized by initial local pancreatic damage
followed by systemic inflammatory response syndrome"”. The
systemic inflammatory cascade often leads to extrapancreatic
complications, most notably acute lung injury (ALI), which
accounts for 30-40% of AP-related mortalities'”. ALI
progression to acute respiratory distress syndrome (ARDS)
is associated with diffuse alveolar damage, hypoxemic
respiratory failure, and increased microvascular permeability,
representing a critical determinant of poor outcomes'™.

Experimental models of AP-induced lung injury demon-
strate characteristic pathological features including alveolar
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edema, neutrophil infiltration, endothelial dysfunction, and
pro-inflammatory mediator release'®. Pathophysiological
mechanisms involve activation of the NF-kB signaling
pathway, leading to upregulation of myeloperoxidase (MPO),
inducible nitric oxide synthase (iNOS), and high mobility group
box-1 protein (HMGB1)"’, These inflammatory mediators
contribute to endothelial barrier disruption, oxidative stress,
and neutrophil recruitment, perpetuating alveolar injury'.
Emerging evidence suggests that HMGB1, a late-phase
inflammatory mediator, may play a pivotal role in the
sustained inflammatory response observed in severe AP.

Natural compounds with anti-inflammatory properties
have gained attention as potential therapeutic agents for
inflammatory disorders. Oroxylin A (OroA), a flavonoid
isolated from Scutellaria baicalensis, exhibits potent anti-
inflammatory effects through multiple mechanisms. Previous
studies have shown that OroA suppresses LPS-induced NF-kB
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activation, thereby reducing iNOS and cyclooxygenase-2
(COX-2) expression in macrophages. These findings
suggest that OroA may attenuate AP-related lung injury by
modulating the NF-kB signaling pathway and downstream
inflammatory mediators. However, the efficacy and
underlying mechanisms of OroA in AP-induced ALI remain
incompletely understood. This study aims to investigate the
protective effects of OroA on sodium taurocholate-induced
ALI in rats and explore its potential molecular mechanisms.

2 MATERIALS AND METHODS
2.1 Animals

A total of 120 male Sprague-Dawley rats (250-300g,
8 weeks old) were purchased from Zhejiang University
School of Medicine’s Laboratory Animal Center. Animals
were housed under controlled conditions (22+2°C, 12-hour
light/dark cycle) with ad libitum access to standard chow
and water. Animals underwent overnight fasting prior to
experimentation.

2.2 Experimental Design

Rats were randomized into five groups: I. Sham control
(saline injection), II. AP induced by sodium taurocholate (1
mg/kg, intravenous [iv]), III-V. AP + OroA treatment groups
(10, 20, 30mg/kg, intraperitoneal [ip] 30 minutes before AP
induction).

Animals were euthanized via cervical dislocation at 3,
6, 12, and 24 hours post-treatment (n=10 per group/time
point). Blood samples were collected via cardiac puncture
for serum separation. Lung tissues were harvested, fixed
with 10% formalin, or snap-frozen in liquid nitrogen for
biochemical analyses.

2.3 Biochemical Measurements

Arterial partial pressure of oxygen (PaO2) was analyzed
using a Hitachi 917 automated analyzer. Serum nitrite/
nitrate levels were quantified via a modified Griess
assay (Bio-Rad Laboratories). MPO activity, HMGB1,
bronchoalveolar lavage (BAL) protein concentration, and
neutrophil infiltration were measured using ELISA kits (Bio-
Rad Laboratories) at 450nm absorbance.

2.4 Lung Edema Assessment

Wet-to-dry (W/D) weight ratios were calculated to
evaluate pulmonary edema. Lung samples were weighed
immediately post-harvest (wet weight), then dried at
72°C for 24 hours (dry weight). Edema was expressed as:
Edema(%)=(Wet weight/Dry weight)x100%.

2.5 Histopathological Analysis

Paraffin-embedded lung sections (4um) were stained with
hematoxylin-eosin (HE). Histological scoring was performed
by two blinded pathologists using a 0-5 scale: 0=normal;
1=minimal inflammation; 2=preserved architecture with
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focal damage; 3=alveolar septal thickening; 4=architectural
distortion; 5=complete destruction.

2.6 NF-kB Activation Assay

Nuclear factor kappa B (NF-kB) DNA-binding activity was
measured using a non-radioactive ELISA kit (Chemicon)
according to the manufacturer’s protocol. Absorbance at
450nm was recorded using a microplate reader (Bio-Rad
Laboratories).

2.7 Statistical Analysis

Data are presented as meanzxstandard error of the mean
(SEM). Normality was assessed using the Shapiro-Wilk
test. One-way analysis of variance (ANOVA) with Tukey’s
post-hoc test was used for group comparisons. Statistical
significance was set at P<0.05.

3 RESULTS
3.1 Pulmonary Function and Inflammation

AP induction significantly reduced PaO2 levels compared to
sham controls (P<0.01). OroA treatment dose-dependently
restored PaO2, with the 30mg/kg dose showing maximal
efficacy (P<0.05 vs. AP; Figure 1A). Serum nitrite/nitrate
concentrations, markers of nitric oxide (NO) production, were
elevated in AP rats and suppressed by OroA (P<0.05; Figure 1C).
Similarly, MPO activity and HMGBL1 levels in lung lysates were
increased in AP and attenuated by OroA treatment (P<0.05;
Figure 1B and D).

3.2 BAL Fluid and NF-kB Activation

AP increased BAL protein concentration (1.2+0.1mg/mL
vs. sham 0.4+£0.05mg/mL, P<0.01) and neutrophil counts
(2.5£0.3x1068cells/mL vs. sham 0.8+0.1x10¢cells/mL,
P<0.01). OroA treatment reduced both parameters, with the
30mg/kg dose achieving near-sham levels (P<0.05; Figure 2A
and B). NF-kB activation in lung tissues was elevated in AP
and suppressed by OroA (P<0.05; Figure 2D).

3.3 Lung Edema and Histopathology

AP induced significant pulmonary edema (W/D ratio:
4.2+0.3 vs. sham 2.8+0.2, P<0.01). OroA treatment dose-
dependently reduced edema, with the 30 mg/kg group
showing the lowest W/D ratio (3.1+0.2, P<0.05 vs. AP;
Figure 2C). Histological analysis revealed alveolar damage,
neutrophil infiltration, and septal thickening in AP lungs
(Figure 3B). OroA treatment mitigated these changes in a
dose-dependent manner (Figure 3C-E), with histological
scores correlating with treatment efficacy (Figure 3F).

4 DISCUSSION

AP-induced ALI remains a leading cause of mortality, with
ALI/ARDS accounting for 30-40% of early deaths in severe
AP cases'*”). This study provides novel evidence that OroA
exerts protective effects against taurocholate-induced ALI
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Figure 3. Histopathological Examination of Lung Tissues Using HE Staining. A: Sham-operated control group showing nor-
mal alveolar architecture. B: AP group demonstrating significant alveolar damage, neutrophil infiltration, and interstitial edema. C-E:
AP rats treated with 10mg, 20mg, and 30mg OroA respectively, showing dose-dependent improvement in histological abnormal-
ities. F: Semi-quantitative analysis of lung injury scores revealed significant reductions in the treatment groups. All data are pre-
sented as mean+SEM (n=10 per group). Statistical significance was determined by one-way ANOVA with Tukey's post-test (*P<0.01
vs. sham; "P<0.05 vs. AP; *P<0.05 vs. 10mg OroA; *P<0.05 vs. 20mg OroA). Original magnification: x200.

through multi-targeted anti-inflammatory mechanisms. The
observed reductions in PaO2 decline, pulmonary edema,
and histological damage suggest OroA may represent a
promising therapeutic strategy for AP-related respiratory
complications.

The protective effects of OroA were associated with
suppression of the NF-kB signaling pathway, a central
regulator of inflammatory gene expression. Inhibition of NF-
kB translocation reduced downstream production of pro-
inflammatory mediators including MPO, NO, and HMGB1'”.
These findings align with previous reports demonstrating
OroA’s ability to block LPS-induced NF-kB activation in
macrophage models. The observed dose-dependent
reduction in HMGB1 levels is particularly significant, as this
late-phase cytokine contributes to sustained inflammation
and endothelial dysfunction in ALT" ",

Vascular endothelial injury, characterized by increased
permeability and neutrophil infiltration, is a hallmark of
ALT"***!, OroA treatment effectively mitigated taurocholate-
induced endothelial dysfunction, as evidenced by reduced
BAL protein concentration and neutrophil counts. This
protective effect likely involves inhibition of iINOS-mediated
NO overproduction, which disrupts endothelial integrity"****.
The suppression of NO metabolites (nitrite/nitrate) in
treated animals supports this hypothesis, consistent with
OroA’s previously reported anti-oxidative properties.

Histological analysis revealed that OroA ameliorated
alveolar septal thickening, edema, and inflammatory

cell infiltration in a dose-dependent manner. These

https://doi.org/10.53964/cme.2025005

morphological improvements correlated with functional
outcomes, including restored PaO: levels and reduced lung
W/D ratios. The observed histological score reductions (from
4.2+0.3 in AP to 3.1+0.2 in 30mg/kg OroA) suggest clinical
translatability, as similar scoring systems are used in human
ARDS grading®"".

While this study provides preclinical evidence for OroA’'s
efficacy, several limitations warrant further investigation.
First, the optimal dosing regimen and long-term safety
profile require validation in larger animal models. Second,
mechanistic studies using gene knockout models or in vitro
assays would clarify the precise role of NF-kB-independent
pathways. Finally, translation to clinical settings necessitates
evaluation of OroA’s pharmacokinetics and potential drug
interactions.
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Abbreviation List

ALI, Acute lung injury

AP, Acute pancreatitis

ARDS, Acute respiratory distress syndrome
BAL, Bronchoalveolar lavage

COX-2, Cyclooxygenase-2

HE, Hematoxylin-eosin

HMGB1, High mobility group box-1 protein
iNOS, Inducible nitric oxide synthase

MPO, Myeloperoxidase

NF-kB, Nuclear factor kappa B

NO, Nitric oxide

OroA, Oroxylin A
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