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Abstract

[ Objectives ] To investigate the protective effects of xanthoxylin on acute lung injury induced by D-Galactosamine (D-GalN) and

Lipopolysaccharide (LPS) in rats. [ Methods] Sixty male SD rats were randomly divided into a normal group, a model group, a silybin group
(50 mg/kg) , and three xanthoxylin groups (low-dose, medium-dose, high-dose as 60, 120, and 240 mg/kg), 10 rats per group. The rats
were administered for 17 consecutive days, on day 14, all the rats except for the normal group were intraperitoneally injected with a D-GalN
(400 mg/kg) /LPS (30 pg/kg) mixture once to establish acute lung injury models. At 72 h after modeling, their serum MCP-1 levels,
IL-18, IL-6, PCT, CRP, TNF-a levels in bronchoalveolar lavage fluid, and IL-18, IL-6, TNF-a levels in lung tissue were measured, and
lung tissue histological examination were checked by HE staining. [ Results] Compared with the model group, the serum MCP-1 levels,
IL-18, IL-6, PCT, CRP, TNF-a levels in bronchoalveolar lavage fluid, and IL-18, IL-6, TNF-« levels in lung tissue in xanthoxylin groups
were significantly decreased (P <0.05 or P <0.01), and lung tissue injury were alleviated. [ Conclusions] Xanthoxylin has protective effects

on acute lung injury in rats, and it may be related to the increase of anti-inflammatory capacity and the promotion of lung tissue self-healing.
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1 Introduction

Acute lung injury (ALI) is a form of acute and severe respiratory
distress syndrome characterized by diffuse alveolar damage, pul-
monary edema, hemorrhage, and abnormal fluid secretion'' ' In
the livestock breeding industry, ALI is associated with significant
morbidity and high mortality, substantially impacting productivity.
The breeding environment often exposes animals to harsh condi-
tions, making them susceptible to bacterial and viral infections.
For instance, endotoxins released by Gram-negative bacteria such
as Escherichia coli can enter the bloodstream, leading to enteroge-
nous endotoxemia. This condition mediates severe pulmonary in-
flammatory responses, which play a key role in the development

[3-4]

and progression of ALI At present, there are no specific

pharmacological treatments for ALI, underscoring the importance
of early diagnosis and timely intervention"’.
Xanthoxylin is an active component in various traditional Chi-

[6-7

nese medicines, such as Phyllanthus niruri®™"" | Duchesnea indi-

ca"™ | Persicaria capilata[g]

, and pomegranate leaf'"" | and exhib-
its significant anti-inflammatory effects. However, its potential

role in combating acute lung injury (ALI) has not been reported
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to date. Therefore, this study investigates the protective effects of
xanthoxylin on a D-GalN/LPS-induced ALI rat model, aiming to
promote and apply xanthoxylin in the livestock and poultry industry
for the prevention and treatment of ALI, and providing experimen-

tal and theoretical evidence.

2 Materials and methods
2.1 Animals
gen-free (SPF) grade, with body weights ranging from 185.6 g to

Sprague Dawley (SD) rats, male, specific patho-

202.3 g at the start of the experiment, were supplied by Hunan
SJA Laboratory Animal Co. , Ltd. (Production License No. SCXK
(Xiang) 2019-0004). The rats were housed in individually venti-
lated cages (IVC) within an SPF barrier facility at Guangxi Uni-
versity of Chinese Medicine [ Laboratory Animal Use License No.
SYXK (Gui) 2019-0001]. All experimental procedures were re-
viewed and approved by the Laboratory Animal Ethics Committee
of Guangxi University of Chinese Medicine ( Approval No.
DW20231016-200). The experiment was carried out after 7 d of
adaptive feeding.

2.2 Drugs and reagents Xanthoxylin (Lot No. 1£1129186229) ,
supplied by Shanghai Haohong Biomedical Technology Co. , Ltd. ;
Silybin (Batch No. MUST-23030607 ) , supplied by Chengdu Must
Bio-Technology Co. , Ltd.; ELISA kits for PCT, IL-1B8, IL-6,
TNF-o, MCP-1, and CRP ( with respective lot numbers
AK0007246505, AK102D2295%4, AKI2BB2I5639, FUIIX0IA1225,
AKO78B8P4585, and AKOOV0889630 ), supplied by Wuhan
Elabscience Biotechnology Inc. ; 0. 9% NaCl Injection ( Batch
No. E23013128), produced by Shandong Chenxin Pharmaceutical
Co. , Ltd. ; LPS (Batch No. 1031Q0312), supplied by Beijing
Solarbio Science & Technology Co. , Lid. ; D-GaIN ( Batch No.
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20230420) , supplied by Shandong Xiya Chemical Co. , Ltd.

2.3 Instruments ES 2220M Electronic Balance from Precisa
(Switzerland ) ; 5810R Refrigerated Centrifuge, from Eppendorf
(Germany) ; Epoch2 Microplate Reader, from BioTek ( USA);
ECLIPSE Ni-U Upright Fluorescence Biological Microscope from
Nikon (Japan).

2.4 Grouping and drug administration A total of 60 male
SD rats were randomly divided into six groups (n =10 per group) :
the normal control group, the model group, the silybin group
(50 mg/kg) ™", and three xanthoxylin dose groups (60, 120,
and 240 mg/kg). Rats in the silybin and xanthoxylin groups were
administered corresponding concentrations of silybin or xanthoxylin
by oral gavage, while those in the normal and model groups re-
ceived an equal volume of 0. 5% CMC-Na solution. The treat-
ments were continued for 17 consecutive days. On day 14 of ad-
ministration, after fasting for 14 — 16 h with free access to water,
all rats except those in the normal group were intraperitoneally in-
jected with a mixture of D-GalN (400 mg/kg) and LPS (30 pg/kg)
one hour after the last drug administration to establish the acute
lung injury (ALI) model’.

2.5 Detection of serum MCP-1 level

modeling, the rats were fasted for 14 — 16 h with free access to wa-

Seventy-two hours after

ter. Under sustained isoflurane anesthesia, blood was collected
from the abdominal aorta without anticoagulant. The blood samples
were centrifuged at 3 000 r/min for 10 min to obtain serum. The
serum level of MCP-1 was measured strictly according to the in-
structions provided in the ELISA kit.

2.6 Detection of pathological changes of lung tissue by HE
staining The left upper lung lobe was fixed in 10% neutral for-
malin, processed for histology, embedded, sectioned, and stained
with hematoxylin and eosin (HE). The pathological changes in
the lung tissue were then examined under a light microscope.

2.7 Detection of IL-1B, IL-6 and TNF-« in lung tissues
The lung tissue from the left lower lobe was collected and
weighed. A homogenate was prepared at a ratio of 1 : 9 (lung
weight expressed in g: ice-cold saline expressed in mL) , followed
by centrifugation at 3 000 r/min for 10 min to obtain the superna-
tant. The protein concentration in the supernatant was quantified
using the BCA method. Levels of IL-18, IL-6, and TNF-« in the
lung tissue were measured according to the instructions provided in
the assay kit.

2.8 Detection of IL-1g, IL-6, PCT, CRP and TNF-« in
bronchoalveolar lavage fluid ( BALF)

was ligated, and the right lung lobe was lavaged with ice-cold sa-

The left main bronchus

line. The lung was gently shaken to fully lavage the alveolar
spaces, with 0.6 mL administered per instillation. This lavage was
repeated three times, and the collected fluid was pooled. Levels of
IL-18, IL-6, PCT, CRP, and TNF-« in the bronchoalveolar lav-
age fluid were measured according to the instructions provided in

the assay kit.

2.9 Statistical analysis SPSS 24. 0 was used for statistical
analysis, expressed as (x +s), and P <0.05 was used as the cri-
terion for statistical significance of data differences. Measurement
data were analyzed by one-way ANOVA between multiple groups

and LSD test between two groups.

3 Results and analysis

3.1 Effects on serum MCP-1 level As shown in Fig. 1, com-
pared with the normal group, the serum MCP-1 level of rats in the
model group was significantly increased (P <0.01); compared
with the model group, the serum MCP-1 level of rats in the silybin
group and xanthoxylin groups was significantly decreased (P <

0.05 or P <0.01).
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NOTE A: normal group, B: model group, C: silybin group, D: xan-
thoxylin low dose group, E: xanthoxylin medium dose group,
F: xanthoxylin high dose group; compared with normal group,
“P<0.05, "*P<0.0l; Compared with the model group,
AP <0.05, 44 P <0.01; the same below.

Fig.1 Levels of serum MCP-1 in rats (x +s, n=10)

3.2 Effects on lung histopathological changes It can be ob-
served from Fig. 2 and Fig. 3 that in the normal group, the lung
tissue structure was well-defined, with a smooth bronchial muco-
sa, no abnormal cell shedding or secretions in the lumen, thin
alveolar walls, and no evidence of hemorrhage or edema. In con-
trast, the model group exhibited blurred lung tissue architecture,
disorganized cell arrangement, rough bronchial mucosal surfaces,
extensive cell shedding and foreign secretions in the lumen, signif-
icantly thickened alveolar walls and septa, obscured alveolar
structure, compressed and collapsed alveolar spaces, as well as
interstitial edema, hyperemia, secretory exudation, and focal are-
as of consolidation. Compared with the model group, both the sily-
bin and xanthoxylin groups showed significant improvement in lung
pathology. The tissue structure was more distinct, the bronchial
mucosa appeared smoother, luminal cell shedding and secretions
were considerably reduced, and the thickness of alveolar walls and
septa was significantly decreased. Alveolar compression and col-
lapse were alleviated, and pulmonary interstitial edema, conges-

tion, and secretory exudation were significantly attenuated.
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NOTE The black arrow indicates that the surface of bronchial mucosa is
rough, the cells in the lumen fall off, and there is abnormal se-
cretion.

Fig.2 Light microscopy of rat bronchial pathological changes ( HE

staining, 400 X )

3.3 Effects on the levels of IL-18, IL-6 and TNF-« in lung
tissues From Fig. 4, it can be seen that compared with the nor-
mal group, the levels of IL-18, IL-6 and TNF-« in the lung tis-

sue of rats in the model group were significantly increased (P <
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Fig.4 Level of IL-1p, IL-6, and TNF-q in the lung tissues (x *s,

3.4 Effects on the levels of IL-18, IL-6, PCT, CRP and
TNF-oin BALF  As shown in Fig. 5, compared with the normal
group, the levels of IL-1B, IL-6, PCT, CRP and TNF-a in the
BALF of the rats in the model group were significantly increased
(P <0.01); compared with the model group, the levels of IL-1§3,
IL-6, PCT, CRP and TNF-a in BALF of rats in silybin group and
xanthoxylin groups were significantly decreased (P <0.05 or P <

0.01).

4 Discussion

The occurrence and development of ALI is closely related to the
abnormal inflammatory response in the lung, which is often accom-
panied by the infiltration of inflammatory cells and the abnormal
release of pro-inflammatory mediators in the lung, including in-
flammatory mediators, pro-secondary inflammatory mediators and

(8] LIPS induces excessive inflammatory

pro-infectious mediators
response , while D-GalN is a sensitizer. The combination of the two

can promote the excessive release of inflammatory mediators, in-
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Fig.3 Light microscopy of rat alveolar pathological changes ( HE
staining,, 400 X )

0.01); compared with the model group, the levels of IL-13,
IL-6 and TNF-a in the lung tissue of rats in silybin group and

xanthoxylin groups were significantly decreased (P < 0. 05 or

P<0.01).
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cluding TNF-o, IL-18, IL-6 and other major pro-inflammatory cy-
tokines, which mediate the occurrence and development of inflam-
matory response in multiple tissues and organs'"*'. The results of
this study showed that the levels of IL-13, IL-6 and TNF-a in
BALF and lung tissue of rats in the model group were significantly
increased, indicating that a strong inflammatory reaction occurred
in the lung tissue. The levels of IL-13, IL-6 and TNF-a in BALF
and lung tissue of rats in each dose group of xanthoxylin were sig-
nificantly decreased, indicating that xanthoxylin can inhibit the ex-
cessive release of proinflammatory cytokines and has anti-inflam-
matory protective effect on acute lung injury induced by D-GalN/
LPS in rats.

The serum MCP-1 is an important indicator for predicting the
prognosis of severe pneumonia. It is a secondary inflammatory me-
diator that can chemotactic the distribution of specific leukocytes
(such as monocytes and basophils) ™. The results of this study
showed that the serum MCP-1 level of rats in the model group was
significantly increased, indicating that the body had a strong in-
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Fig.5 Level of IL-18, IL-6, PCT, CRP and TNF-« in the BALF (x +s, n=10)

flammatory response, secondary inflammation occurred and
developed progressively, and the prognosis was poor, while the se-
rum MCP-1 level of xanthoxylin groups was significantly de-
creased , indicating that xanthoxylin inhibited the excessive release
of blood MCP-1. Inhibit the occurrence and development of sec-
ondary inflammation, and improve the systemic inflammatory
microenvironment.

PCT and CRP can be used as sensitive markers to identify
severe infection in specific parts of the body. In normal situation,
it is undetectable or at low levels, but its release increases dramat-
ically at sites of inflammation'*™"). The results of this study
showed that the levels of PCT and CRP in the BALF of rats in the
model group were significantly increased, suggesting that the lungs
were in severe infection and the inflammatory reaction was serious,
while the levels of PCT and CRP in the BALF of rats in the
xanthoxylin groups were significantly decreased, which suggests
that xanthoxylin can inhibit the excessive release of PCT and CRP
in the lung, and has a significant improvement on pulmonary
infection.

Tissue repair is a collaborative process involving the exchange
and alteration of tissue cells, extracellular matrix, and intracellu-
lar environmental components. It culminates in the restoration or
improvement of tissue architecture, with the amelioration of patho-
logical tissue structure serving as a key indicator for evaluating
drug efficacy'™®'. The typical clinicopathological features of acute
lung injury ( ALI) include pulmonary edema, hemorrhage, in-
flammatory cell infiltration, increased abnormal secretions, and

diffuse necrosis of lung tissue'™' . Histological results revealed that
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in the model group, the alveolar structure was poorly defined, the
bronchial mucosa appeared thickened and rough, and the alveolar
spaces contained extensive necrotic cell debris and abnormal se-
cretions. Alveoli were compressed, atrophic, and collapsed, ac-
companied by evident interstitial edema and congestion. Treatment
with xanthoxylin significantly attenuated lung tissue injury in rats.
The bronchial mucosa showed no abnormal thickening or rough-
ness, and both necrotic cells and abnormal secretions within the
alveoli were markedly reduced. Alveolar compression was substan-
tially alleviated, and pulmonary interstitial edema and congestion
were significantly ameliorated. These findings indicate that xan-
thoxylin promotes self-healing and repair processes in lung tissue.

In conclusion, xanthoxylin exerts a significant protective
effect against D-GalN/LPS-induced acute lung injury ( ALI) in
rats. It reduces the levels of proinflammatory cytokines (IL-1j,
IL-6, and TNF-o) in both BALF and lung tissue, and decreases
the release of the secondary inflammatory mediator MCP-1 in ser-
um. In addition, xanthoxylin lowers the levels of PCT and CRP in
BALF and ameliorates pathological damage in lung tissue. These
beneficial effects may be attributed to its anti-inflammatory, anti-
secondary inflammatory, and anti-severe pulmonary infection prop-
erties, as well as its ability to promote lung tissue self-repair.
With its broad developmental prospects as a therapeutic agent for
ALI, xanthoxylin shows promise for clinical application in the pre-
vention and treatment of this condition. This study provides a pre-
liminary experimental foundation for its future use, although more

in-depth mechanisms remain to be further investigated.
(To page 54)
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