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Abstract

Acute liver failure is a life-threatening clinical syndrome with a high mortali-
ty rate. Currently, the research on Astragaloside IV in liver diseases primarily
focuses on liver cancer, and there is limited understanding of its mechanism
in acute liver failure’s innate immunity. Therefore, this study aims to investi-
gate the potential protective effect of Astragaloside IV on acute liver failure and
its impact on innate immune cells. The study employed D-GalN/LPS-induced
acute liver failure mouse models and employed various techniques such as a
range of molecular and analytical techniques. The experimental results dem-
onstrated that treatment with Astragaloside IV significantly reduced the in-
flammatory response, alleviated liver injury, and improved the survival rate of
mice with acute liver failure induced by D-GalN/LPS. Further investigations
revealed that AS-IV played a beneficial role by regulating the proportion of
CD11b*Ly6C™ monocytes and the secretion of inflammatory cytokines and
anti-inflammatory metabolites. These findings suggest that the pharmacolog-
ical mechanism of AS-IV may involve targeted regulation of CD11b*Ly6Ch
monocytes in both peripheral blood and liver. The implications of this study’s
results are twofold. Firstly, they provide a basis for the clinical application of
AS-IV in treating liver failure, offering potential therapeutic benefits. Se-
condly, they serve as a reference for further development of safer and more
effective modified compounds.

*These authors contributed equally to this work and should be considered co-first authors.
*Corresponding authors.
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1. Introduction

Liver failure is a life-threatening clinical syndrome characterized by coagulation
disorders, hepatic encephalopathy, ascites, and other complications. It exhibits
rapid progression and high mortality with rates, reaching up to 80% [1]. Cur-
rently, liver transplantation [2] and artificial liver supporting system (ALSS) [3]
are considered the most viable treatments for this condition with a high-mortality
rate. However, liver transplantation is limited to a select few due to the scarcity
of liver donors and the associated high costs. Furthermore, liver regenerative
capacity is often impaired after transplantation or in the presence of liver failure
[4] [5] [6]. As a result, there has been an increased focus on exploring new the-
rapeutic strategies to prevent liver failure. Patients with liver failure experience ex-
tensive immune activation, inflammatory responses, and sepsis. Dysregulation of
the inflammatory response compromises the liver’s defensive function, resulting
in widespread hepatocyte necrosis, acute liver injury, and eventual liver failure
[7]. Innate immunity, particularly the excessive activation of monocytes/ ma-
crophages, plays a crucial role in the onset and progression of the disease. Thus,
restoring immune balance by modulating liver immune inflammation is consi-
dered a potential strategy for liver failure treatment.

Astragalus membranaceus has a long history of use in treating various diseases.
Astragaloside IV (AS-IV), a natural saponin extracted from Astragalus mem-
branaceus, has been extensively studied and shown to have a wide range of bene-
ficial effects in experimental models. These effects include cardiovascular dis-
eases, neurological diseases, lung diseases, diabetes, renal diseases, and gyneco-
logical diseases. AS-IV is well-established to possess immunomodulatory, an-
ti-inflammatory, and antioxidant properties [8] [9]. Furthermore, research indi-
cates that AS-IV can inhibit TGF-beta to exert anti-fibrotic effects [10]. Clinical
studies have demonstrated that Astragali glycoside sodium chloride injection
can improve electrocardiogram performance [11] and alleviate heart failure by
activating PPARa to shift from glycolysis to fatty acid f-oxidation [12]. AS-IV
also inhibits the progression of liver cancer by modulating macro-phage polari-
zation through the TLR4/NF-«B/STAT?3 signaling pathway [13]. Additionally, it
has been found to attenuate the migration and invasion of cancer cells and en-
hance the chemosensitivity of chemotherapy drugs [14]. Currently, research on
the mechanism of Astragaloside IV in liver diseases primarily focuses on liver
cancer, with relatively few studies investigating its effects on inflammatory cells
in acute liver failure. Therefore, the aim of this study is to investigate the thera-
peutic effect of AS-IV on liver failure and its regulatory mechanism on innate

immune cells through in vitro and in vivo experiments.
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2. Materials and Methods
2.1. Materials

2.1.1. Animals
Male C57Bl/6 mice, aged 6 - 8 weeks, were obtained from GemPharmatech Co.
Ltd. (Jiangsu, China).

2.1.2. Regeants

1) Chemical compounds

Astragaloside IV (AS-IV, #E-0146) was obtained from TAUTO Biotech Co.,
Ltd. in Shanghai, China. D-galactosamine (D-GalN, #G0500) and lipopolysac-
charide (LPS, #L4391) were sourced from Sigma-Aldrich (St. Louis, MO, USA).

2) Autophagy related reagents

The Autophagy PCR Array-mice (#WC-MRNA0268-M, Wcgene® biotech)
was purchased from Nuo Yang Sheng Wu (Shanghai, China). Cyto-ID (#(ENZ-
KIT175-0050) was purchased from Zneo (New York, USA).

3) Immunological reagent

Anti-mouse antibodies CD45 (APC-Cy7, #557659), CD11b (PE-Cy7, #101216),
Ly6C (BV605, #563011), and F4/80 (BV786, #744340) were acquired from BD
Biosciences in NJ, USA. 7-AAD (#420404) was obtained from Biolegend (CA,
USA). The Anti-Myeloperoxidase antibody (#ab208670) was sourced from Ab-
cam (Cambridge, MA, USA). The Quantibody® Human Th1/Th2/Th17 Array
Q1 (#QAH-TH17-1-1) was purchased from Raybiotech (RayBiotech Inc., USA).

4) Metabolic reagents

For the metabolomics study, the Dansyl-labeling Kit for Amine & Phenol Me-
tabolomics (#NMT-4101-KT) and HP-CIL Metabolomics Analysis Reagent: RT
Calibrants (#NMT-2134-L) were obtained from Xiamen Meliomics Technology
Co., Ltd. (Xiamen, China).

2.2. Methods
2.2.1. Animal Model

In the model group, acute liver failure was induced in C57BL/6 mice through
intraperitoneal injection of a mixture containing LPS and D-GalN (5 pg/kg and
500 mg/kg, respectively). In the drug treatment group, mice were intraperito-
neally administered AS-IV (400 mg/kg) 30 minutes prior to the injection of the
D-GalN/LPS mixture. The control group consisted of mice that received either
400 mg/kg AS-IV or normal saline. Throughout the studies, the animals were
housed in an environmentally controlled room with constant temperature and
humidity. The protocol for mouse usage was approved by the Research Ethics
Committee of the First Affiliated Hospital, College of Medicine, Zhejiang Univer-
sity. Researchers were provided with appropriate training in the care and han-
dling of animals by the hospital’s Animal Laboratory Center, and all experiments
adhered to the guidelines outlined in the Guide for the Care and Use of Experi-

mental Animals.
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2.2.2. Survival Analyses

In this study, four groups of mice were established, each consisting of ten mice.
These groups included a normal saline control group, an AS-IV drug control
group, a D-GalN/LPS model group, and an AS-IV treatment group. Following
the injection of the D-GalN/LPS mixture, the mice were monitored for mortality

every 6 hours.

2.2.3. Biochemical Analysis and Histological Staining

Mouse liver tissue and serum samples were collected 6 hours after injection of
the D-GalN/LPS mixture for further analysis. The levels of alanine aminotrans-
ferase (ALT) and aspartate aminotransferase (AST) in the serum samples were
determined using a biochemical analyzer (Beckman AU-5421; Beckman-Coulter,
Brea, CA, USA). A portion of the liver tissues was fixed in a 4% paraformalde-
hyde solution for 2 days and subsequently embedded in paraffin wax. Tissue
slices with a thickness of 5 um were prepared for histopathological examination
(HE) and MPO histochemical examination. All images were captured using an

optical microscope (Olympus, Tokyo, Japan).

2.2.4. High-Throughput Quantitative PCR

mRNA was extracted from liver tissues and subsequently reverse transcribed in-
to cDNA. The resulting cDNA was utilized in the Autophagy PCR Array—mouse
to detect the expression of autophagy-related genes using Real-time fluorescence
quantitative PCR (QuantStudio).

2.2.5. Flow Cytometry

Immune cells were extracted from mouse peripheral blood and liver tissue for
flow cytometry analysis. To exclude dead cells, 7-AAD was utilized. Monocytes
were double-labeled with CD11b and Ly6C, macrophages were double-labeled
with CD11b and F4/80, and neutrophils were double-labeled with CD11b and
Ly6G. Cyto-ID was employed to detect autophagy levels in the immune cells.
Flow cytometry (BD™ LSRFortessa, BD Biosciences) was performed to deter-
mine the proportion of immune cells and measure autophagy levels. FlowJo

v10.0 (BD Biosciences) was used for data analysis of each sample.

2.2.6. Cell Culture

THP-1 cells were selected for in vitro cell studies. In the cell experiments, four
groups were established: a normal saline control group, an AS-IV drug control
group, an LPS experimental group, and an AS-IV drug treatment group. The
concentrations of AS-IV and LPS used were 10 pg/mL and 1 pg/mL, respectively.
After 24 h of LPS stimulation, the cell fusion degree reached over 90%. The su-
pernatant was collected and transferred to a 15 mL centrifuge tube. Following
centrifugation (2000 rpm, 4°C, 10 min), the supernatant was collected and di-
vided into 1.5 mL EP tubes, then stored at —80°C.

2.2.7. Protein Microarray
Following the instructions, the supernatant of THP-1 cells cultured in each
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group was subjected to protein microarray analysis (Quantibody® Human Th1/
Th2/Th17 Array Q1). This array could detect 20 inflammatory mediators, in-
cluding GM-CSF, IFN-y, IL-15, IL-10, IL-12 p70, IL-13, IL-17A, IL-17F, IL-2,
IL-21, IL-22, IL-23, IL-28A (IFN-A2), IL-4, IL-5, IL-6, MIP-3 alpha (CCL20),
TGF betal, TNF-a, and TNF-g (TNFSF1B). Subsequently, the R language was
utilized for conducting Gene Ontology Biological Process (GO_BP) (biological
process), Gene Ontology Cellular Component (GO_CC) (cellular component),
and Gene Ontology Molecular Function (molecular function) analyses, as well as

KEGG enrichment analysis.

2.2.8. Metabolomics Test

Metabolomic analysis was conducted on the THP-1 cells and the previously col-
lected supernatant using Amine & Phenol Metabolomics. The experimental
procedures included sample collection and preparation, dansylation labeling,
sample-wise normalization, LC-MS, and data processing and analysis (refer to the
supplementary material for detailed information). The obtained metabolomic data
underwent SIMCA and MetaboAnalyst pathway analysis. Additionally, volcano
maps and Venn diagrams were generated. These detection results enable a syste-

matic analysis of the regulatory effect of AS-IV on metabolites.

2.2.9. Statistical Analysis

Each experiment was conducted in triplicate. Statistical analyses were performed
using GraphPad Prism 7.0 software. The data are presented as means + standard
errors of the means (SEM). A value of p < 0.05 (two-tailed) was considered sta-
tistically significant. Significance levels were denoted as follows: *p < 0.05, **p <
0.01. The symbol “NS” indicates that the observed value is not statistically sig-

nificant.

3. Results

3.1. AS-IV Ameliorates Liver Injury in Mice with Acute Liver Failure

This study utilized a D-GaIN/LPS-induced acute liver failure model, which
closely mimics the pathogenesis of acute liver failure in clinical settings [15].
Figure 1(A) presents the results of the initial analysis, demonstrating the benefi-
cial effects of AS-IV in mitigating liver injury. It was observed that AS-IV treat-
ment significantly increased the survival rate of mice compared to the model
group (60% vs 20%). Further examination of liver function revealed that AS-IV
notably reduced the levels of ALT and AST in the serum, which are indicative of
hepatocyte damage (Figure 1(B), p < 0.05; Figure 1(C), p < 0.01). Moreover,
in the AS-IV treatment group, there were no apparent signs of diffuse hyper-
emia and edema (Figure 1(D)). Additionally, the evaluation of Hematoxylin and
eosin (HE)-stained liver sections demonstrated infiltration of inflammatory cells,
necrosis of liver cells, and blurred hepatic sinuses in the D-GalN/LPS model
group (Figure 1(E)). Notably, Figure 1(F) illustrates a significant decrease in
the proportion of MPO-positive cells in the Astragaloside IV-treatment group
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Figure 1. AS-IV can improve survival rate and reduce liver injury. (A). Survival curves of mice in each
group. (B-C). Detection of serum biochemical AST, ALT. (D). Pictures of mouse livers. (E). HE staining
of the liver section. (F). Anti-myeloperoxidase (MPO)—stained liver sections. *p < 0.05, **p < 0.01.
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compared to the model group (92 dots vs 150 dots). These findings collectively
indicate that AS-IV effectively ameliorates liver injury and improves the survival

rate in mice with D-GalN/LPS-induced acute liver failure.

3.2. AS-1V Down-Regulates the Proportion of Monocytes

In this study, peripheral blood samples were collected from mice in each group
through eyeball blood extraction. Flow cytometry was then performed to detect
the proportion of monocytes, macrophages, and neutrophils in the experimental
mice’s peripheral blood. This involved steps such as red blood cell lysis and im-
mune cell staining. The results revealed a significant decrease in the proportion
of CD11b*Ly6C" monocytes and CD11b*F4/80" macrophages in the peripheral
blood of AS-IV-treated mice (Figure 2(A), Figure 2(B)). However, the proportion
of CD11b*F4/80"° macrophages and CD11b*Ly6G* neutrophils remained unaf-
fected by AS-IV treatment (Figure 2(B), Figure 2(C)). Furthermore, analysis of
liver tissue indicated that AS-IV only reduced the proportion of CD11b*Ly6CH
monocytes and had no impact on the proportion of macrophages and neutro-
phils (Figure 2(D)).

3.3. AS-1V Increases the Level of Liver Autophagy in Acute Liver
Failure Mice

In this study, flow cytometry was used to detect the proportion of inflammatory
cells in the peripheral blood of mice, along with measuring the mean fluores-
cence intensity of the autophagy signal in cells. The results revealed that AS-IV
significantly increased the level of autophagy in monocytes and macrophages
(Figure 2(A), Figure 2(B)). The proportion of CD11b*F4/80" macrophages in
the peripheral blood of AS-IV-treated mice with acute liver failure remained
unchanged, but the level of autophagy was increased. AS-IV had no effect on the
proportion of CD11b*Ly6G* neutrophils and their level of autophagy (Figure
2(C)). Furthermore, mRNA was extracted from the liver tissue of experimental
mice to extensively analyze the expression levels of autophagy-related genes. The
results showed that 90 genes exhibited significant changes (Figure 3). Among
these genes, 35 were up-regulated by more than 1.2-fold and were associated
with autophagy functions. These functions contain 4 categories, 1) Autophagic
Vacuole Formation; 2) autophagy and apoptosis such as Co-Regulators of Au-
tophagy and Apoptosis, Co-Regulators of Autophagy and the Cell Cycle; 3) au-
tophagy response or induction such as Autophagy in Response to Other Intra-
cellular Signals, Autophagy Induction by Intracellular Pathogens; 4) multiple
aspects of protein such as Protease Activity Responsible for Protein Targeting to
Membrane/Vacuole, Protein Transport, and Protein Ubiquitination. On the
other hand, 24 genes were significantly downregulated (<0.83-fold) and were
linked to autophagy functions. These functions contain 4 categories, such as 1)
autophagy and apoptosis such as Co-Regulators of Autophagy and Apoptosis,
Co-Regulators of Autophagy and the Cell Cycle, 2) autophagy process such as
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Figure 2. Proportion of cell and autophagy level. (A). Proportion of monocytes and autophagy level

in blood. (B). Proportion of macrophages and autophagy level in blood. (C). Proportion of neutro-

phils and autophagy level in blood. (D). Proportion of monocytes, macrophages and neutrophils in

liver. NS: no significant difference, *p < 0.05, **p < 0.01.
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Figure 3. Autophagy-related gene expression measured by high-throughput quantitative PCR.

Autophagic Vacuole Formation, and Linking Autophagosome to Lysosome, 3)

Protein Transport.

3.4. AS-1V Reduces Inflammatory Cytokine Secretion of
D-GalN/LPS-Induced Monocyte

The study involved the collection of culture media from in vitro cell experiments
for protein microarray analysis. A comparison between the AS-IV treatment
group and the group without AS-IV treatment revealed significant alterations in
14 inflammatory mediators (Figure 4(A)). Notably, TNF-q, IL-6, IL-12p70,
IL-17, IL-22, and IL-23 (Figure 4(B)) exhibited significant down-regulation in
the AS-IV treatment group. Additionally, GO_BP, GO_CC, and GO_MF ana-
lyses were conducted, revealing that the biological processes were associated
with immune cell responses and cytokine expression (Figure 4(C), Figure 4(E)).
The localized cellular components were identified as late endosome lumen and
endoplasmic reticulum lumen, while the molecular functions were predomi-
nantly related to cytokine activity, receptor ligand activity, and cytokine receptor
binding. Furthermore, KEGG enrichment analysis demonstrated that these in-
flammatory mediators were associated with inflammation-related diseases, im-

mune-related diseases, and infectious diseases (Figure 4(F)).

3.5. AS-1V Regulates Metabolite Secretion of D-GalN/LPS-Induced
Monocyte

In this study, the effect of AS-IV on monocyte metabolism stimulated by D-GalN/
LPS was investigated. The THP-1 monocyte cell line and cell supernatant from
both AS-IV intervention and non-intervention groups in the in vitro cell expe-
riment were collected for Amine & Phenol Metabolomics analysis. The results,

shown in Figure 5(A), Figure 5(B), demonstrated significant changes in the ex-
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pression levels of metabolites. Comparing the AS-IV treatment group with the
LPS group, Figures 5(A)(a-c) revealed up-regulated expression of S-Sulfo-L-c,
L-gamma-Glutamyl-(3R)-L-beta-ethynylserine, and L-Methionine after AS-IV
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Figure 4. Protein microarray cytokines concentration of the supernatant in the culture was
measured. (A-B). Significantly altered cytokines. (C). GO_BP analyses. (D). GO_CC analyses.
(E). GO_MEF analyses. (F).KEGG systematically analyzed gene function of significant changes

in cytokines.

treatment. On the other hand, Figures 5(A)(d-j) displayed down-regulated ex-
pression of 4-Chloro-L-lysine, 4-Hydroxy-3-methylbenzaldehyde, 3-Methylsa-
licylaldehyde, N-Hydroxy-L-tyrosine, 3,4-dihydroxystyrene, Liquiritigenin, and
2-Descarboxy-cyclo-dopa in the AS-IV plus LPS group compared to the LPS
group. Furthermore, Metaboanalyst analysis identified the pathways involved in
L-Methionine, including Cysteine and methionine metabolism, and Aminoacyl-
tRNA biosynthesis (Figure 5(C)).
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Figure 5. Metabolomics test. Amine & Phenol Metabolomics were tested on the THP-1 cells and supernatant collected above. (A).

Histogram of metabolite changes in cell culture medium. (B). Significant changes of 4-Hydroxy-L-tryptophan were observed in

the cells. (C). Metaboanalyst pathway analysis.

4. Discussion

AS-IV exhibits significant potential in reducing the inflammatory response, alle-
viating liver damage, and improving the survival rate in mice with acute liver
failure. Further investigations have indicated that AS-IV achieves these benefi-
cial effects primarily through the regulation of CD11b*Ly6C" monocyte propor-
tions, the secretion of inflammatory cytokines, the autophagy levels in the liver
and the mononuclear macrophage system, and the modulation of anti-inflam-
matory metabolites.

Acute liver failure poses a high mortality risk in patients. Current clinical
treatments for liver failure include artificial liver supports, stem cell transplanta-

tion, liver transplantation, and medical drugs. This study employed LPS com-
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bined with GalN to establish a mouse model of acute liver failure [16]. This
model [7] [17] exhibits a dramatic activation of the mononuclear macrophage
system in the liver, leading to the production of numerous pro-inflammatory
mediators [18]. Extensive hepatocyte apoptosis and massive hepatocyte necrosis
initiated by end-effector cells contribute to the inflammatory cascade. In this
study, AS-IV improved 24-hour survival rates. Histological analysis also demon-
strate the beneficial effects of AS-IV on acute liver failure.

Hepatic monocytes/macrophages play a crucial role in the progression of
acute liver damage and the maintenance of liver homeostasis [19]. Upon activa-
tion of Kupffer cells (KC cells), pro-inflammatory cytokines such as monocyte
chemotactic protein 1 (MCP-1), Interleukin-18 (IL-1p), tumor necrosis factor-a
(TNF-aq), and Interleukin-8 (IL-8) are produced and released. This activation
leads to a feedback loop amplifying inflammation and promoting neutrophil in-
filtration in the hepatic microcirculation [20]. AS-IV has been shown to mod-
ulate macrophage phenotype and mitigate inflammation through remodeling the
STAT signaling pathway [21]. Wang’s research has demonstrated that AS-IV in-
hibits the production of pro-inflammatory cytokines from peritoneal macro-
phages in vitro [22]. Therefore, this study initially examined the proportion of
mononuclear macrophages and neutrophils in the peripheral blood of the model
mice. The results indicated a significant reduction in the proportion of mono-
cytes and macrophages, particularly CD11b*Ly6C" monocytes and CD11b*F4/80hi
macrophages, in the peripheral blood following AS-IV treatment. Further analy-
sis of the proportion of mononuclear macrophages and neutrophils in the liver
revealed a significant decrease only in CD11b*Ly6C" monocytes, while the pro-
portions of macrophages and neutrophils remained unaffected. Monocytes ex-
pressing high levels of Ly6c are known to possess pro-inflammatory and anti-
bacterial activity, accumulating at sites of inflammation. Conversely, monocytes
with low Ly6c expression are considered patrolling monocytes that surveil blood
vessels and participate in early inflammatory and tissue repair responses [23]. In
the context of chronic neuroinflammation, classical monocytes with high Ly6C
expression accumulate in the inflammatory sites of the central nervous system
and contribute to the formation of inflammatory macrophages through terminal
differentiation [24]. Based on this understanding, we hypothesize that AS-IV
may primarily modulate inflammation by targeting CD11b*Ly6Ch monocytes.

To further elucidate the mechanism of action of AS-IV, we conducted in vitro
cell experiments using THP-1 cells. Protein chip analysis of the cell supernatant
revealed significant down-regulation of IL-6, IL-12p70, IL-17, IL-22, IL-23, and
TNF-a. These findings suggest that AS-IV exerts an anti-inflammatory effect by
suppressing the expression of these inflammatory mediators. Furthermore,
analysis of GO_BP, GO_CC, and GO_MF demonstrated that the expression
changes of the 14 inflammatory mediators, which were either increased by more
than 1.2-fold or decreased by less than 0.83-fold, were associated with immune

cell response and cytokine expression. KEGG enrichment analysis revealed that
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these inflammatory mediators were implicated in inflammation-related diseases,
immune-related diseases, and infectious diseases.

Several studies have demonstrated that autophagy can inhibit macrophage ac-
tivation and reduce proinflammatory cytokines during acute liver damage [25].
In this study, the results showed that AS-IV treatment could enhance the auto-
phagy level in two kinds of monocytes and macrophages. The results also re-
vealed that AS-IV exerted extensive regulatory effects on the expression of au-
tophagy-related genes in liver tissues. A total of 90 genes showed significant
changes, including up-regulated genes such as Atg5, Becnl, Atgl2, Pten, Hitt,
Dapkl, Bnip3, Pik3cg, among others [26] [27] [28] [29] [30]. The up-regulation
of genes like Dapkl and Bnip3 can promote autophagy, inhibit inflammation,
and reduce apoptosis and tissue damage [31] [32] [33] [34]. The up-regulation
of Pik3cg inhibits apoptosis, while the apoptosis-related gene Cyclin-Dependent
Kinase Inhibitor 1B (CDKN1B) promotes autophagy through the Mtorl-dependent
pathway [35] [36]. Conversely, down-regulated genes were also identified, in-
cluding Sqstml, Tnfsf10, Tnf, IFNg, Bax, Bid, Tgfbl, Fas, Nfkbl, Cdkn2a, among
others. The decreased expression of Sqstm1 indicates increased autophagy, as it
serves as a marker for autophagy. The reduced expression of pro-apoptotic pro-
teins like Tnfsf10, Tnf, IFNg, Bax, Bid, Tgfbl, and Fas [37] [38] [39] [40] [41]
suggests a lower level of apoptosis in liver tissue. The down-regulation of Nfkb1
indicates reduced tissue inflammation [42], and the decreased expression of
Cdkn2a, an aging marker, suggests decreased apoptosis. In conclusion, the me-
chanism of action of AS-IV in the treatment of acute liver failure involves the
regulation of autophagy levels, which may modulate inflammation by enhancing
autophagy and inhibiting apoptosis.

Metabolites are closely related to inflammation, because most of the metabo-
lites were decreased with LPS treatment in THP-1 [43]. Hence, the increased ex-
pression levels of inflammatory mediators in LPS-stimulated monocytes in vitro
may be associated with the reduced expression levels of most metabolites. The
results in this study suggest that AS-IV may up-regulate the expression of certain
metabolites, such as L-Methionine in the THP-1 cell culture medium, which
could potentially exert an anti-inflammatory effect. Previous results showed that
the increased levels of the metabolite L-Methionine may indicate a reduction in
inflammatory response, oxidative stress, and improved energy metabolism in
acute kidney injury (AKI) caused by Cisplatin (CDDP) [44]. In non-alcoholic
fatty liver models of rats fed a high-fat fructose diet, L-methionine supplementa-
tion has been shown to improve liver pathology by regulating lipogenesis, inhibit-
ing the release of pro-inflammatory cytokines, and activating the SIRT1/AMPK
pathway [45]. Furthermore, both L-Met and DL-Met supplementation have
demonstrated comparable protective effects on parameters of intestinal health
and function, including intestinal morphology and antioxidant status [46]. Based
on the reported anti-inflammatory effects of L-methionine in the literature men-

tioned above, we hypothesized that AS-IV exhibits anti-inflammatory effects
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through the up-regulation of L-methionine in the cell culture medium of THP-1
cells induced by LPS.

Opverall, the results obtained in this study hold promise for the clinical appli-
cation of AS-IV in the treatment of liver failure and provide valuable insights for

the development of safer and more effective modified compounds in the future.
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