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Allyl methyl trisulfide protected
against LPS-induced acute lung
injury in mice via inhibition of the
NF-xB and MAPK pathways
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Allyl methyl trisulfide (AMTS) is one major lipid-soluble organosulfur compound
of garlic. Previous studies have reported the potential therapeutic effect of
garlic on acute lung injury (ALI) or its severe condition acute respiratory distress
syndrome (ARDS), but the specific substances that exert the regulatory effects
are still unclear. In this study, we investigate the protective effects of AMTS on
lipopolysaccharide (LPS)-induced ALl mice and explored the underlying
mechanisms. In vivo experiments, ICR mice were pretreated with
25-100 mg/kg AMTS for 7 days and followed by intratracheal instillation of
LPS (1.5 mg/kg). The results showed that AMTS significantly attenuated LPS-
induced deterioration of lung pathology, demonstrated by ameliorative edema
and protein leakage, and improved pulmonary histopathological morphology.
Meanwhile, the expression of inflammatory mediators and the infiltration of
inflammation-regulation cells induced by LPS were also inhibited. /n vitro
experiments also revealed that AMTS could alleviate inflammation response
and inhibit the exaggeration of macrophage M1 polarization in LPS-induced
RAW264.7 cells. Mechanistically, we identified that AMTS treatment could
attenuate the LPS-induced elevation of protein expression of p-lkBa, nuclear
NF-kB-p65, COX2, iNOS, p-P38, p-ERK1/2, and p-JNK. Collectively, these data
suggest that AMTS could attenuate LPS-induced ALl and the molecular
mechanisms should be related to the suppression of the NF-kB and MAPKs
pathways.
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Introduction

Acute lung injury (ALI) and its severe condition, acute respiratory distress syndrome
(ARDS), are common causes of morbidity and mortality in critically ill patients (Quan
et al, 2021). It arises from certain insults, including pulmonary (e.g., pneumonia,
aspiration) or nonpulmonary conditions (e.g., sepsis, trauma), and is characterized by
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severe hypoxemia and pulmonary edema. The SARS-CoV-2/
COVID-19 pandemic has inspired global interest in the
pathophysiological pathways of ARDS (Hariri and Hardin,
2020). However, its pathogenesis remains unclear. And until
now, there is no specific and effective pharmacologic strategy for
the treatment of ALI/ARDS, which highlights the urgent need to
develop therapeutic strategies (Fan et al., 2018).

During the processes of ALL the balance of pro- and anti-
inflammatory cytokines play an important role in the mediating,
amplifying, and perpetuating stage (Goodman et al., 2003). The
production of inflammatory cytokines is regulated by multiple
signal pathways, among which, the mitogen-activated protein
kinase (MAPK) and nuclear factor kappa B (NF-kB) pathways
are believed to be particularly relevant to the pathophysiology of
ALI (Shanley and Wong, 2001). Microbial components
(pathogen-associated molecular pattern molecules [PAMPs]
such as lipopolysaccharide [LPS]) or tissue injury-associated
endogenous molecules (danger-associated molecular patterns
[DAMPs]) bind to the cellular pattern recognition receptors
(PRRs; e.g. Toll-like receptors [TLRs]) (Opitz et al, 2010).
And then, PRR signaling leads to an inappropriate pro-
inflammatory cytokine (e.g. interleukin 6 [IL-6], IL-1B, and
[TNF-a]) (e.g.
monocyte chemotactic protein 1 [MCP-1]) release via the

tumor necrosis factor and chemokines
MAPK and NF-xB pathways. Therefore, suppression of
inflammatory responses by blocking the activation of the
MAPK and NF-«B could be an effective strategy to minimize
the clinical severity and mortality of ALI and ARDS.

Garlic (Allium sativum L.) has been widely used for
centuries as spice and medicinal ingredient (El-Saber
Batiha et al., 2020). Its pharmacological activities, such as
antimicrobial, antioxidant, anticancer, antidiabetic, and anti-
inflammatory activities, have been corroborated by
researchers (Rana et al, 2011). The various biological
properties exhibited by garlic are highly related to the
various organosulfur compounds (OSCs) produced by its
metabolic transformation (Trio et al.,, 2014). Allyl methyl
trisulfide (AMTS) is one major sulfide of garlic oil,
obtained by steam distillation (Yan et al., 1992). Previous
studies have demonstrated the protective effect of other two
major sulfides of garlic oil, diallyl disulfide (DADS) and diallyl
trisulfide (DATS) on lung disease (Zhang et al., 2015; Kumar
and Tamizhselvi, 2020). However, as a subtle change in the
structure of compounds might strictly affect their potentials in
vivo (Hosono-Fukao et al.,, 2009), whether AMTS could
protect against lung damage remains unclear. The present
study was designed to investigate the protective effect of
AMTS in LPS-induced ALI and explore the underlying
mechanisms in vivo and in vitro with a focus on the

inflammatory signaling pathways.
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Materials and methods
Chemicals and reagents

LPS (strain O111:B4) was purchased from Sigma-Aldrich.
AMTS was provided by Hubei Xinkang Pharmaceutical
Chemical Co., Ltd (Tianmen China). Mouse monoclonal anti-
F4/80 and anti-CD68 were purchased from Santa Cruz
Biotechnology. Primary antibodies against cytoplasm inhibitor
of kappa B alpha (IKBa), p-IKBa, NF-kB p65, p-p65, iNOS,
COX2, JNK, phospho-JNK, p38, phospho-p38, Erk1/2, phospho-
Erk1/2 were provided by Cell Signaling Technology Inc (Beverly,
MA, United States). Mouse monoclonal B-actin and lamin B
antibodies were purchased from Proteintech (Wuhan, China).
Mouse TNF-a, IL-1f, IL-6, and MCP-1
immunosorbent assay (ELISA) kits were purchased from R&D
(Minneapolis, MN, United States). Myeloperoxidase (MPO) and
nitric oxide (NO) commercial assay kits were bought from
JianCheng Bio Co., Ltd (Nanjing, China). All other chemicals
were of the highest quality commercially available.

enzyme-linked

Animal treatment

Male ICR Mice (6-8 weeks, 18-22 g) were obtained from
Jinan Pengyue Laboratory Animal Breeding Co. Ltd (Jinan,
China) and maintained in standard laboratory conditions
(20-22°C, 50%-55% humidity, 12 h light/dark cycle) with free
access to diet and drinking water. All the procedures were
approved by the Ethics Committee of Liaocheng University.
After 1 week of acclimation, sixty animals were randomly
divided into five groups (n = 12 per group), ie. Control
group, ALI group, and three ALI + AMTS groups. Mice in
the ALI + AMTS groups were pretreated with 25, 50,
100 mg/kg AMTS (o.p.) for 7 days, respectively, while mice in
the control group and ALI group were treated with the same
volume of the vehicle (corn oil). The doses of AMTS selected
were based on previous reports in the literature (Zhao et al.,
2019). On day 8, mice were anesthetized with 4% isoflurane and
animals in the ALI group and ALI/AMTS groups were
intratracheally instilled with LPS (1.5mg/kg, 50uL per
animal), while animals in the control group were treated with
the same volume of the vehicle (sterile saline). The mice were
anesthetized and sacrificed 6 h after saline or LPS treated and
samples were collected. In each group, six animals were used to
collect the bronchoalveolar lavage fluid (BALF). For the other six
mice, after recording their wet weight, the left lung was collected
for western blot, MPO activity, and NO assay. The right lung was
fixed with 4% paraformaldehyde (PFA) for histopathological
study.
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Cell culture and preparation

Mouse Raw264.7 macrophage cell line (ATCC, MD,
America) was used for in vitro experiment. The cells were
cultured in 10% FBS-DMEM medium and maintained at
37 °C with 5% CO,. The dose of AMTS was chosen based on
cell cytotoxic assays using CCK-8 kits (Dojindo Laboratorise,
Japan). In the LPS-driven inflammatory experiment, the
macrophages were stimulated with 1 pg/ml LPS and treated
with or without 30 uM AMTS for 24 h. The culture medium
and cells were harvested for subsequent experiments.

Histopathological examination

Paraffin sections (5 pm) of the lung were prepared with the
PFA-fixed tissue and stained with hematoxylin and eosin (H&E)
following a standard protocol. The histopathological changes of
each mouse were viewed and representative photographs were
captured by using an Olympus BX53 microscope. The lung injury
was scored according to the method described by An et al (An
et al,, 2020). Briefly, Lung injury scoring criteria of ALI were as
following: alveolar and interstitial hemorrhage, pulmonary
edema, alveolar or interstitial inflammatory cells infiltration or
aggregation, and thickness of alveolar wall/hyaline membrane
formation. The severity of damage scored from 0-4 with 0 for no
damage and four for the maximum damage.

Enzyme-linked immunosorbent assay
(ELISA)

ELISA was used to measure the protein level of
inflammatory cytokines (e.g., TNF-a, IL-1p, IL-6) in BALF
and cell culture medium, together with MCP-1 in lung tissue
homogenate, according to the manufacturer’s protocols.
Optic SpectraMax"
iD3 CA,
United States) at 450 nm. The concentrations of cytokines

density was measured using a

microplate reader (Molecular Devices,
were calculated according to the standard curve and

expressed as pg/mL.

MPO and NO assay

The MPO activity in lung tissue homogenate was
measured according to the manufacturer of commercial kits
(JianCheng Bio, Nanjing, China). The production of NO in
cell culture medium and lung tissue homogenate was
measured as the amount of nitrite with the Griess method.
The amount of MPO and NO was expressed as U/mg protein
and nmol/mg protein, respectively.
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Immunohistochemistry and
immunofluorescence

Paraffin sections (5 um) of the lung were used to perform the

immunohistochemical assay. After deparaffinization and
rehydration, endogenous peroxidase activity and nonspecific
staining were blocked with 3% H,O, and 5% sheep serum,
respectively. Then the sections were incubated with F4/80 or
CD68 primary antibody at 4 “C overnight. Afterward, sections
were incubated with poly peroxidase-anti-mouse IgG antibody
for 20 min at room temperature and counterstained with
hematoxylin for 2min. The sections were viewed and
photographed under a light microscope. The percentage of the
immunolabeled area within the total area were measured by
using Image] software as previous described (Li et al., 2019).
For immunofluorescence, fixed and permeabilized
RAW264.7 were incubated with mouse anti-F4/80 antibody
and rabbit anti-iNOS antibody followed by an Alexa Fluor
488-labeled  goat IgG
ImmunoResearch) and by an Alexa Fluor 594-labeled goat
anti-rabbit  IgG

respectively. The nuclei were stained by Hochest 33342

anti-mouse antibody  (Jackson

antibody  (Jackson ImmunoResearch),
(Thermo Fisher). All sections were photographed in five
random visual fields. The F4/80* positive cells represented the
total macrophages and the F4/80"iNOS* represented the

MI phenotype macrophages.

Western blot analysis

The total protein of lung tissues and cultured cells was
extracted by using RIPA buffer (P0013D, Beyotime, Shanghai,
China) containing 1% protease and phosphatase inhibitor
cocktail. The homogenates were centrifuged at 12,000 g for
20min and the supernatants were collected as the total
protein. The cytosolic and nuclear protein fractions of mice
lungs were prepared according to the instruction of a
commercial Nuclear and Cytoplasmic Protein Extraction Kit
(Sangon Biotech, Shanghai, China). The protein concentration
of the prepared samples was determined by using BCA protein
assay kits. Equal aliquots of samples were mixed with loading
buffer, and heated at 100°C for 5 min.

An appropriate amount of protein samples (10-40 pg) was
separated by 7.5-15% SDS/polyacrylamide gel electrophoresis
and then transferred to PVDF membranes. After blocking for 1 h
with 4% skim milk in TBST buffer, the membranes were
incubated with primary antibodies overnight at 4°C. Then the
in TBST and
horseradish peroxidase-conjugated secondary antibody for 1h

membranes were washed incubated with

at room temperature. Immunoreactive bands of protein were

detected by an enhanced chemiluminescence kit and exposed to
X-ray films. The blots were scanned using an EPSON DS-6500
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AMTS pretreatment attenuated LPS-induced ALl in mice. (A) Wet lung weight is normalized by body weight. Protein concentration (B) and total
cells (C) in BALF. (D) Representative H and E staining (100x) and lung injury score for histological examination. Data were shown as mean +S. D (n =
6). *p < 0.05, **p < 0.01, compared with the control group; #p < 0.05, #*#p < 0.01, compared with the LPS group.

scanner, and the relative optical density of the bands was
quantified by using Image] software.

Statistical analysis

SPSS version 16.0 (SPSS, Chicago, IL, United States) and
GraphPad Prism 8 (La Jolla, CA, United States) were used for
statistical analysis. The data were expressed as the mean + SD and
were analyzed by one-way ANOVA, followed by Tukey’s test.
Differences were considered significant when p-values were less
than 0.05.

Results

The effects of AMTS on LPS-induced ALI

The increase of wet lung weight and protein leakage usually
indicated the permeability of alveolar-capillary members and
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pulmonary edema, which are critical features of ALI (Thompson
et al., 2017). As shown in Figures 1A,B, LPS installation
significantly increased the wet lung weight (p < 0.01) and
protein leakage in BALF (p < 0.01). However, 50 mg/kg and
100 mg/kg AMTS administration remarkably reduced the lung
(p < 0.01). Additionally,
accumulation was also remarkably reduced in all AMTS co-
treated groups (p < 0.05). Another major central feature of ALI is

weight increase the protein

inflammatory cell infiltration. Compared with the control group,
LPS treatment significantly increased the number of total cells in
BALF (p < 0.01, Figure 1C). The increased cell number in BALF
was dose-dependently reduced after AMTS administration (p <
0.01). The histological examination further demonstrated AMTS
pretreated suppressed LPS induced ALI (Figure 1D). Compared
with the sections of control group mice, lung sections of mice in
the LPS group expressed extensive morphological changes, such
as infiltration of inflammatory cells into the alveolar space,
parenchyma, hemorrhage, and alveolar wall thickening. Again,
the severity of histopathological change and lung injury scores
were ameliorated by AMTS.
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6). *p < 0.05, **p < 0.01, compared with the control group; #p < 0.05, *#p < 0.01, compared with the LPS group.

AMTS administration inhibited LPS-
induced release of inflammatory
mediators

It has been well documented that the expression of
inflammatory mediators is associated with the outcome of
lung injury. Therefore, we investigated the protein levels of
pro-inflammatory cytokines in BALF by ELISA. As shown in
Figure 2, LPS administration significantly increased BALF levels
of TNF-a, IL-1p, and IL-6 (p < 0.01). In contrast, compared with
the ALI group, pretreatment with different dosages of AMTS
dose-dependently decreased the levels of TNF-a, IL-1pB, and IL-6
(p < 0.05). Interestingly, the level of NO in lung tissue, another
key inflammatory mediator, also significantly increased
compared with that of the control group (p < 0.01), whereas
the AMTS intervention notably reduced its level by 29.9, 44.1,
and 60.6%, respectively, compared with that of the LPS group

(p < 0.01).

AMTS inhibited the infiltration of
inflammation-regulation cells in ALI
is another

Leukocytes infiltration

characterization of ALL The activity of MPO is widely used to

physiologic

assess the infiltration of neutrophils in tissue (Khan et al., 2018).
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As shown in Figure 3A, compared with the control group, LPS
treatment significantly increased the activity of MPO in the lung
tissue (p < 0.01), while pretreatment of AMTS significantly
reversed the rise of it (p < 0.01). Besides, we detected the level
of chemokines as an indirect measurement of inflammatory cell
recruitment to the lung. LPS treatment significantly increased the
expression of MCP-1, and the increase was significantly reversed
by different dose treatments of AMTS (p < 0.01, Figure 3B).
Beyond that, we also evaluated the infiltration of macrophages by
immunostaining using macrophage-specific anti-F4/80 and anti-
CD68 antibodies. As shown in Figures 3C,D, F4/80" and/or
CD68" cells in the sections of the LPS group increased
significantly compared with the control group (p < 0.01), and
AMTS administration led to a significant decline of F4/80" and/
or CD68" cells (p < 0.05).

AMTS repressed NF-xB activation in LPS-
induced ALI

Since the pro-inflammatory cytokines are targets of the NF-
kB signaling pathway, the protein expression of IkBa, p-IkBa,
NE-xB p65, and nuclear NF-kB p65 was examined by western
blotting (Figure 4). As shown in the figure, the ratio of p-IxBa/
IxBa was dramatically increased after LPS exposure, which was
inhibited by 50 and 100 mg/kg AMTS (p < 0.05). Beyond that, the
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protein level of nuclear NF-xB p65 was increased in the LPS
group compared with the control group (p < 0.01), while AMTS
pretreatment normalized the level of NF-kB p65 in the cytoplasm
and nucleus in a dose-dependent manner (p < 0.05).
Furthermore, AMTS feeding also blocked the increase
expression of NF-kB downstream protein COX2 and iNOS.
These results suggested that AMTS could suppress LPS-
induced NF-xB activation in lung.

Effects of AMTS on the change of MAPK
pathway in LPS-induced ALI

In addition to NF-«B, pro-inflammatory cytokines could be

also affected by MAPK. Therefore, the total and phosphorylated
forms of three kinds of MAPK (ERK1/2, SAPK/JNK, and

Frontiers in Pharmacology

p38MAPK) were investigated in the lung tissue. As shown in
Figure 5, the phosphorylation of MAPKs in the LPS group was
significantly increased when compared with the control group
(p < 0.01). Meanwhile, AMTS pretreatment significantly
decreased the wup-regulated phosphorylation of ERKI1/2,
SAPK/JNK, and p38 (p < 0.05).

AMTS alleviated inflammation response
and suppressed M1 polarization in LPS-
stimulated RAW264.7 cells

To verify the direct effect of AMTS on macrophages, LPS-
stimulated RAW264.7 cells were co-treat with AMTS. According
to the CCK8 assay, no cytotoxicity was found under the
subsequently tested concentration (50 pM) on RAW264.7 cells
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(Figure 6A). AMTS decreased levels of NO and TNF-a in LPS-
induced RAW264.7 cells (Figures 6B,C). Besides, AMTS
decreased the phosphorylation of p65 and the expression of
downstream iNOS and COX2 (Figure 6D). Moreover, AMTS
the of LPS-induced M1 polarized
macrophages (F4/80"iINOS*, Figure 6E). These data suggested
that AMTS could inhibit LPS inflammation, block the activation
of the NFkB and the MAPKSs signaling pathways, and suppress
the macrophage M1 LPS-stimulated
RAW264.7 cells.

prevented increase

polarization in

Discussion

The anti-inflammatory effect of garlic-derived organosulfur
has been demonstrated in numerous in vitro and in vivo
experiments (Arreola et al, 2015). With the pandemic
outbreak of SARS-CoV-2 infection, reports on the protective
effects of garlic organosulfur compounds for pulmonary disease
have mushroomed (An et al., 2020; Mo et al., 2020). In the
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current study, we firstly demonstrated that AMTS, another
garlic-derived organosulfur compound, could attenuate the
intratracheal LPS induced ALL Pretreatment with AMTS
the the
histopathological changes of the lung, The overexpression of

restrained edema, protein leakage, and
pro-inflammatory cytokines and chemokines, together with the
infiltration of leukocytes were also suppressed. Additionally,
LPS-induced NF-xB and MAPKs activation in pulmonary
also found to be downregulated by the
pretreatment of different doses of AMTS. The in vitro
experiments substantiated the above results and further
that AMTS could modulate macrophages
polarization. These finds provided solid evidence that AMTS

could protect against LPS-induced ALL

tissue was

revealed

Previous studies have demonstrated that the derangement of
cytokine drives ALI/ARDS pathology and disease progress (Deng
and Standiford, 2010). These cytokines initiate the lung injury by
direct cytotoxic or apoptotic effects to the alveolar-capillary
membrane, and

or by promoting leukocyte activation

recruitment. TNF-a and IL-1f3 are of prominent importance
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0.05, #*#p < 0.01, compared with LPS group.

in the context of ALIL They can stimulate the production of a host
of other cytokines. Elevated levels of both IL-1p and TNF-a can
be found in the BALF of patients with ARDS (Hyers et al., 1991;
Pugin et al., 1996). In the current study, we also demonstrated
that the expression of TNF-a, IL-1f, and IL-6 was significantly
increased in BALF after LPS treatment. Furthermore, AMTS
intervention significantly reduced the production of these pro-
inflammatory cytokines in the BALF, accompanied by the
alleviation of ALI pathological manifestations. These results
indicated that the suppression of pro-inflammatory cytokines
might attribute to the protective effect of AMTS against LPS-
induced ALIL

As mentioned, pro-inflammatory mediators could also
induce pulmonary damage by chemotaxis of leukocytes, such
as macrophages and neutrophils. In the exudative phase of
ALI, recruited macrophages activate and release excessive
pro-inflammatory mediators to further promote lung
2018). And the aggregate
neutrophils produce numerous reactive oxygen species
and protease that lead to epithelial injury and exacerbate
the pro-inflammatory state (Potey et al., 2019). In the present
LPS the of

damage (Huang et al,

study, treatment induced recruitment
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macrophages and neutrophils. It was verified with routine
histological markers of macrophage lineage cells (F4/80, a
marker of mature macrophages and CD68, a marker of active
macrophages) (Dambach et al., 2002) and the activity of
MPO, respectively. Interestingly, oral administration of
AMTS abrogated LPS-induced accumulation of leukocytes
the the
polarization of macrophages also plays an important role
in the pathogenesis of ALI (Chen et al., 2020). Under
different microenvironmental stimuli, macrophages can be

in pulmonary tissue. Besides recruitment,

divided into two main subtypes: the classically activated
(M1) type and the alternatively activated (M2) type.
M1 activated macrophages could exacerbate the release of
pro-inflammatory mediators, thus promote the cascade
amplification of inflammation, and therefore serve as
facilitators in the process of lung tissue damage in ALI/
ARDS (Lee et al., 2021). Modulating the polarization of
lung macrophages is believed to be a promising method
for the treatment of ALI and recent studies have revealed
that some synthesized and naturally derived materials might
exert their therapeutic effects by this way (Lin et al., 2020; Xie
etal, 2021). The current in vitro study also directly revealed
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Effects of AMTS on LPS-induced inflammatory response in RAW264.7 cells. (A) The cytotoxicity of AMTS was assessed by CCK8 assay. The levels

of NO (B) and TNF-a (C) in the culture medium were detected by ELISA. (D) Protein levels of the NF-kB pathway and the MAPKs pathway-related
proteins were detected by western blotting. (E) Macrophage M1 polarization (F4/80*iINOS™) was detected by double immunofluorescence. *p < 0.05,
**p < 0.01, compared with untreated cells (Control); *p < 0.05, **p < 0.01, compared with the cells challenged with LPS (LPS).

that AMTS had a negative effect on M1 polarization.
Combined the above findings, it suggests that AMTS could
inhibit the
macrophage polarization to alleviate LPS-induced lung

recruitment of leukocytes and modulate
damage.

LPS-induced lung injury is one of the most practical and
invariable animal models to explore and evaluate the efficient
protective agents of ARDS/ALI (Domscheit et al., 2020; Chen
et al., 2022). As a component of the outer membrane in
Gram-negative bacteria, LPS could associate with LPS
binding protein (LBP) and CD14, bind to the TLR4 and
mediate its dimerization (Hu et al., 2013). The engagement of
TLR4 homodimers interacts with myeloid differentiation
factor 88 (MyD88), which could further facilitate the
phosphorylation of IkB and MAPKs by other kinases. The
phosphorylation of IkB causes the release and nuclear
translocation of NF-kB and the phosphorylated MAPKs
lead to the activation of adaptor protein-1 (AP-1). Then,
nuclear translocation of NF-kB and AP-1 activates their
target genes to promote the expression of various pro-
inflammatory cytokines, such as TNF-a, IL-1pB, IL-6, IL-8,
and other inflammatory mediators, such as NO and
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prostaglandin. Therefore, the activation of the NF-kB and
MAPK pathways could induce the overexpression of
inflammatory cytokines, which to pathological
changes of ALI (Zhang et al, 2017). Furthermore, the
inflammatory cytokines, such as TNFa and IL-1f, could
further promote the activation of the NF-kB and MAPKs,
thereby performing “positive feedback” regulation to amplify

leads

the inflammatory response (Gaestel et al., 2009; Dorrington
and Fraser, 2019). Besides, studies have also shown that the
activation of the p38 MAPK signaling pathway can promote
the phosphorylation and degradation of IkBa, which directly
activates the NF-kB p65 pathway (Je et al, 2004). The
interaction between these signaling pathways amplifies the
inflammatory process and aggravates the pulmonary injury.
Previous studies have demonstrated that NF-kB and MAPKs
inhabitation by pharmacological activators could protect
against LPS-induced ALI in mice, suggesting that NF-xB
and/or MAPKs are potential therapeutic targets for ALI
(Everhart et al., 2006; Zhou et al.,, 2019). In the current
study, we found that pretreatment with AMTS suppressed
the activation of NF-kB and MAPKs pathways induced by
LPS. These results suggest that suppressed NF-kB and
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MAPKs pathway activation might contribute to the
protective effects of AMTS against LPS-induced ALIL

Previous studies have revealed that some OSCs could exert
their anti-inflammatory effect through the inhibition of the
MAPK and NF-«kB pathways, but their detailed mechanisms
are still unclear (Rodrigues and Percival, 2019). A large
amount of literature has indicated that the benefits of OSCs
are associated with the number of sulfur atoms in their structure,
which is closely related to its potential to increase endogenous
hydrogen sulfide (H,S) (Benavides et al., 2007; Magli et al., 2021).
H,S has been shown to play an important regulatory role in the
inflammatory processes and inhibit the activation of NF-xB and
MAPKs (Stuhlmeier et al., 2009; Wu et al., 2017). In addition to
H,S, some studies demonstrated that DATS exerted inhibitory
effects through the inhibition of their common upstream protein
kinase and its antioxidant activities (You et al., 2013). Recently,
another study suggested that DADS suppresses the activation of
MAPK and NF-kB pathways through the activating nuclear
factor erythroid 2-related factor 2 (Nrf2) (Zhang et al., 2022).
Although research on the effects of OSCs has made some
progress, there is a lack of research on the underlying
mechanisms of AMTS. Therefore, further studies are needed
to illustrate the mechanism of NF-xB and MAPKs pathway
inhibition by AMTS.

Conclusion

The results of the current study demonstrated that AMTS
could significantly inhibit LPS-induced ALI demonstrated by
ameliorative edema and protein

leakage, improved

pulmonary histopathological morphology, down
expression of inflammatory mediators, and inhibition of
In
experiments also confirmed that AMTS could alleviate
LPS-induced suppress
M1 AMTS
significantly attenuated the LPS-induced increase of the
protein levels of p-IkBa, nuclear NF-kB-p65, COX2, iNOS,
p-P38, p-ERK1/2, and p-JNK. These data suggest that the

molecular mechanisms of AMTS against LPS-induced ALI

inflammation-regulation  cells  infiltration. vitro

inflammation response and

polarization of macrophages. Meanwhile,

should be related to the suppression of the NF-kB and
MAPKs pathways in the lung tissue.
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