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Objective To investigate the evolution of inflammation under conditions and the effects of
ginsenosides on macrophages subjected to the simulated weightlessness, with the aim of mit-
igating the inflammation.

Methods Initially, genes related to weightlessness, inflammation, and immunity were identi-
fied in the GeneCards database. Then, Search Tool for the Retrieval of Interaction Gene/Pro-
teins (STRING) protein network analysis was conducted to determine the core targets in-
volved in the weightlessness-induced inflammation. Subsequently, Label-Free Quantitative
(LFQ) proteomics was carried out to discern the distinctive genes within ginsenoside-treated
Tohoku Hospital Pediatrics-1 (THP-1) cells. Next, utilizing the outcomes of Gene Ontology
(GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analyses, the bio-
logical processes and signaling pathways in which ginsenosides predominately engaged were
scrutinized, and the primary targets of ginsenosides in combating weightlessness-induced in-
flammation were examined. Finally, enzyme-linked immunosorbent assay (ELISA) was per-
formed to detect the secretion levels of interleukin (IL)-18, IL-6, IL-8, and tumor necrosis fac-
tor (TNF)-a from lipopolysaccharide (LPS)-induced THP-1 cells under simulated weightless-
ness conditions, as well as during the weightlessness recovery period following treatment with
ginsenosides.

Results A total of 2 933 genes associated with inflammation, 425 genes linked to weightless-
ness, and 4 564 genes connected to immunity were retrieved from the GeneCards database.
Protein-protein interaction (PPI) networks were generated to identify pivotal targets associat-
ed with weightlessness-induced inflammation such as IL-14, IL-6, TNF, and albumin (ALB). It
was found that ginsenosides primarily participated in the regulation of various inflammation-
related signaling pathways and pathways related to pathogenic microorganism infections.
Moreover, it has a significant impact on the expression of proteins such as cluster of differen-
tiation 40 (CD40), IL-1p, and poly ADP-ribose polymerase 1 (PARP1). As revealed in the simu-
lated weightlessness cell test, ginsenosides exhibited a remarkable capacity to attenuate the
secretion of inflammatory factors, specifically IL-6 and TNF-o (P < 0.000 1), in THP-1
macrophages following induction by LPS under simulated weightlessness conditions. In addi-
tion, it reduced the secretion of IL-1f, IL-6, IL-8, and TNF-a (P < 0.000 1) during the weight-
lessness recovery phase.
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Conclusion Weightlessness can disrupt several inflammation-related signaling pathways,
but ginsenosides were shown to mitigate the release of various inflammatory factors in
macrophages subjected to simulated weightlessness, thereby exerting a protective role
against inflammation. This study has laid a theoretical groundwork for further exploring the
potential application of ginsenosides in safeguarding against LPS induced inflammation in a

weightlessness environment.

1 Introduction

Astronauts are susceptible to a range of physiological
changes, including accelerated degradation of muscular
and skeletal tissues [ ?, dysbacteriosis ’, cardiovascular
disease ¥, and perturbations to the immune system 7,
These changes can be attributed to factors such as solar
radiation, disruptions in circadian rhythms, stress, and
microgravity. In the aforementioned systems, immune
system injury persists during spaceflight, elevating risks
of astronaut infections both during and after space mis-
sions ¥l During the Apollo program, a notable number of
astronauts contracted bacterial or viral diseases, such as
conjunctivitis, upper respiratory tract infections, and gas-
trointestinal discomfort !, Simultaneously, clinical data
obtained from the 46 crew members aboard the Interna-
tional Space Station indicated that rhinitis, rashes, and
upper respiratory infections were the prevailing diseases
observed among them '’ In addition, CRUCIAN et al. "
observed alterations in leukocyte distribution, T cell ac-
tivity, and cytokine production during the space flight.
Having utilized a microgravity zebrafish model, ZHU
et al. ' discovered that in the microgravity environment,
signaling pathways associated with the retinoic acid-in-
ducible gene I- like receptor (RLR) and the toll-like recep-
tor (TLR) were markedly suppressed, resulting in a di-
minished antiviral function. During a 22-day space-flight
carrying mice, researchers observed the impairment of
the thymus and lymphatic glands, coupled with a decline
in lymphocyte counts ['?.. Similarly, according to the find-
ings by BAQAI et al. ', mice exposed to a 13-day space-
flight exhibited reduced spleen and thymus gland sizes,
alongside heightened production of interleukin (IL)-6
and IL-10 by lymphocytes. In simulated weightlessness
cell assays, it has been noted that microgravity can lead to
a decrease in the number of intestinal epithelial cells ",
Through weightlessness simulation, JIANG et al. ' un-
veiled that microgravity induced endoplasmic reticulum
(ER) stress in human umbilical vein endothelial cells
(HUVEC) cells, leading to the activation of nuclear factor
kappa-B/inhibitor of NF-«B (NF-xB/IxB) and nucleotide
oligomerization domain (NOD)-like receptor thermal
protein domain associated protein 3 (NLRP3) inflamma-
some signaling pathways. These pathways played an es-
sential role in inducing endothelial inflammation and
apoptosis. In other words, a microgravity environment

could potentially harm the immune system by modulat-
ing the release of inflammatory factors and altering the
number of lymphocytes. Hence, understanding the im-
pacts of microgravity on immune cells and devising ap-
propriate preventive measures are essential prerequisites
for protecting the health of astronauts.

As one of the main components identified in Renshen
(Ginseng Radix et Rhizoma), ginsenosides show a variety
of pharmacological properties that have been investigat-
ed for their potential therapeutic applications in address-
ing conditions such as ageing, cancer, cardiovascular dis-
ease, and diabetes ", Drawing from a type 1 diabetes
mouse model ?, it was demonstrated that ginsenosides
Rgl held promise for mitigating the inflammatory re-
sponse and autophagy processes in both the pancreas
and spleen. LUO et al. * reported that ginsenosides Rgl
exhibited the potential to diminish cardiomyopathy and
inflammation through the regulation of the TLR4/NF-kB
and NLRP3 pathways. In a research on chronic inflam-
matory mice model, LIU et al. ™ discovered that ginseno-
sides Rg3 inhibited the autophagy signaling pathway me-
diated by inflammations, thereby retarding the progres-
sion of liver fibrosis. Furthermore, the therapeutic effects
of ginsenosides extended to the reduction of intestinal in-
flammation through inhibiting the TLR4-myeloid differ-
entiation factor 88 (MYD88)-mitogen-activated protein
kinase (MAPK) signaling pathway **. Additionally, gin-
senosides revealed the ability to regulate the Treg/Th17
cell ratio and mitigate inflammation, suggesting their po-
tential as a treatment option for chronic obstructive pul-
monary disease *°l. Therefore, ginsenosides hold promise
for application in protecting against inflammation and
immune function injury.

Because of the substantial expenses associated with
performing weightlessness research during actual space-
flight, it becomes imperative to employ simulated weight-
lessness techniques in order to investigate its physiologi-
cal impacts. Therefore, the simulation process was de-
vised and carried out using a cell rotor, which rotated
cells uniformly around the horizontal axis to create mi-
crogravity conditions. This study initially identified
weightlessness-related genes from the GeneCards data-
base, and then investigated weightlessness-related sig-
naling pathways and primary targets with the Gene On-
tology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) enrichment analyses. Next, the
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mechanism of ginsenosides on Tohoku Hospital Pedi-
atrics-1 (THP-1) cells was explored by Label-Free Quanti-
tative (LFQ) proteomics. Following this, THP-1 cells were
cultured on the cell rotor to assess the impact of ginseno-
sides on their viability and morphology. Finally, enzyme-
linked immunosorbent assay (ELISA) was performed to
measure the release of IL-15, IL-6, IL-8, and TNF-a dur-
ing both the simulated weightlessness period and the
subsequent recovery phase. The findings in the study of-
fer a valuable theoretical foundation for further exploring
the potential application of ginsenosides in the preven-
tion of weightless-induced inflammation.

2 Materials and methods
2.1 Data sources

Genes related to inflammation, immunity, and weight-
lessness were retrieved from the GeneCards database
(www.genecards.org). To pinpoint common genes across
the three sets, a Venn diagram was drawn for the visual-
ization of the intersected genes (bioinfogp.cnb.csic.es/
tools/venny).

2.2 Cell culture

THP-1 cells were obtained from the Chinese National In-
frastructure of Cell Line Resources (NICR, China) and
cultured in Roswell Park Memorial Institute (RPMI) 1640
medium (Gibco, USA) supplemented with 10% fetal
bovine serum (FBS) (Gibco, USA) and penicillin-strepto-
mycin (Gibco, USA).

2.3 Protein extraction and Sodium Dodecyl Sulfate Poly-
Acrylamide Gel Electrophoresis (SDS-PAGE)

THP-1 cells were induced to differentiate into macro-
phages through the treatment with 100 ng/mL poly
methyl acrylate (PMA) (Sigma, USA) for 72 h. Subse-
quently, cells in the lipopolysaccharide (LPS) (Sigma,
USA) group were exposed to LPS at a concentration of
1 pg/mL and cultured at 37 °C, 5% CO, for 48 h. In the LPS +
ginsenosides group, cells were subjected to a combined
treatment of LPS at a concentration of 1 pg/mL and
100 pg/mL total ginsenosides (provided by The Institute
of Medicinal Plant Development). THP-1 cells were lysed
on ice for 15 min in 100 pL of Radio Immunoprecipita-
tion Assay (RIPA) lysis buffer (Solarbio, China) contain-
ing a protease inhibitor cocktail (Promega, USA). The
protein concentration in the lysates was quantified using
a Broadcast Credit Association (BCA) protein assay kit
(Solarbio, China). Equal amounts of cellular proteins
were then suspended in NuPAGE LDS sample buffer (In-
vitrogen, USA) and NuPAGE™ sample reducing buffer (In-
vitrogen, USA) before being subjected to boiling for 5 min
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at 95 °C. Following this, proteins were separated using
4% - 12% Mini-PROTEAN TGX gels (Bio-Rad, USA).

2.4 In gel digestion and proteomic analysis

For Coomassie staining, the bands of interest were cut in-
to 1 mm x 1 mm pieces and subjected to destaining in a
destaining solution. Then, the gel pieces were treated
with dithiothreitol (DTT) (Sigma, USA) and iodoac-
etamide (IAM) (Sigma, USA). Lastly, the samples were
enzymatically digested overnight at room temperature in
a trypsin solution (Promega, USA), and the resulting pep-
tides were stored at — 80 °C before analysis.

Peptide samples were analyzed with the use of the
Thermo Orbitrap QE Plus system. The data were collect-
ed using Xcalibur 3.0 software, and proteomics data were
analyzed using the Proteome Discovery application (ver-
sion 2.4). To determine the FoldChange, ¢ test was con-
ducted on two sets of data using R Studio. The GO and
KEGG enrichment analyses were performed using the R
package Cluster Profiler.

2.5 Simulated weightlessness cellular model

During the simulated weightlessness period, the cells
were divided into five groups: the non-weightlessness
group (NW), control (C-SW), ginsenosides (G-SW), LPS
(L-SW), and LPS + ginsenosides (LG-SW) groups. After
72 h of treatment with 100 ng/mL PMA, THP-1 cells dif-
ferentiated into macrophages . In the ginsenosides
group, differentiated cells were treated with 100 pg/mL
ginsenosides. In the LPS group, the cells were treated
with 1 pg/mL LPS, and in the LPS + ginsenosides group,
the cells were subjected to the treatment with 1 pg/mL
LPS and 100 pug/mL ginsenosides. Once the cultivation
container was filled, any remaining air bubbles were re-
moved, and the container was then placed on a cell rota-
tor ¥7, Lastly, the cells were rotated (30 rpm) and cul-
tured at 37 °C for 48 h.

During the weightlessness recovery phase, the cells
were divided into the control (C-WR), LPS (L-WR), and
LPS + ginsenosides (LG-WR) groups. In order to induce
the differentiation of THP-1 cells into macrophages,
cells in the groups were exposed to a concentration of
100 ng/mL PMA for 72 h. Subsequently, after filling the
cultivation container and ensuring the removal of any air
bubbles, the cells were placed on a cell rotator, and were
rotated at 30 rpm and cultured at 37 °C for 48 h. Follow-
ing this culture period, the cells were collected. In the LPS
group, the cells were treated with a concentration of
1 pg/mL of LPS. In the LPS + ginsenosides group, differ-
ent concentrations of total ginsenosides (100, 33, and
11 pg/mL) as well as 1 pg/mL of LPS were employed. The
cells were then cultured at a temperature of 37 °C with 5%
CO, for6 h.
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2.6 Cell viability

Cell viability was assessed using Cell Counting Kit-8
(CCK-8) assay (Dojindo Molecular Technologies Inc.,
Japan) and lactate dehydrogenase (LDH) (Nanjing
Jiancheng Bioengineering Institute, China).

For the CCK-8 assay, cells were cultured in the 96-well
plate (6 000 per well). The medium was carefully aspirat-
ed, and then replaced with fresh medium containing a
concentration of 10% CCK-8 solution in each well. Next,
the plate was incubated at 37 °C for 1 - 4 h, and the ab-
sorbance was measured at 450 nm using an EnSpire Mul-
tilabel Plate Reader (PerkinElmer, 2300). Cell viability
was calculated by optical density (OD) using the formula:
cell viability = [(OD value of sample wells - OD value of
blank wells)/(OD value of control wells — OD value of
blank wells)] x 100%.

Cell viability was also detected by LDH according to
the manufacturer’s guidelines using the formula: LDH ac-
tivity (U/L) = [(OD value of sample wells - OD value of
control wells) / (OD value of standard wells — OD value of
blank wells)] x 0.2 pmol/mL x 1 000.

2.7 ELISA

The supernatant from the cell culture was obtained by
centrifuging at 2 000 rpm for 5 min, and the levels of IL-6,
TNF-o0, IL-8, and IL-15 were quantified using the ELISA
kit (Biolegend, USA) according to the manufacturer s
guidelines.

2.8 Statistical analysis

The data were analyzed using GraphPad Prism 8 soft-
ware (GraphPad Software Inc.) and were presented as
means + standard deviation (SD). Differences among
groups were assessed by one-way analysis of variance
(ANOVA) and were considered significant at P < 0.05.

3 Results

3.1 Primary targets of weightlessness-induced inflamma-
tion based on the GeneCards database

A comprehensive search for genes correlated to inflam-
mation, immunity, and weightlessness from the
GeneCards database was carried out. As a result, a total of
231 significant targets involved in the weightlessness-in-
duced inflammation were identified by intersecting the
three sets of genes: 2 933 related to inflammation, 425
related to weightlessness, and 4 564 related to immunity
(Figure 1A). Subsequently, the protein-protein interac-
tion (PPI) network analysis was performed by Search Tool
for the Retrieval of Interaction Gene/Proteins (STRING)
analysis, as shown in Figure 1B. It was found that the
genes such as albumin (ALB), IL-1p, IL-6, and TNF were
key targets of weightlessness-induced inflammation.
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A

Inflammation Immunity

Figure 1 Core genes correlated to weightlessness-redu-
ced inflammation

A, the intersection of genes correlated to inflammation, immu-
nity, and weightlessness. B, PPI network diagram of core genes.

3.2 Protective effects of ginsenosides on THP-1 cells
based on the LFQ proteomics

A total of 2 254 proteins were identified by the LFQ tech-
niques, out of which 242 met the criteria as potential tar-
gets, with a log, FoldChange > 1.5 and P < 0.05. Then, the
GO and KEGG enrichment analyses were conducted
based on these differentially expressed proteins. As
shown in Figure 2A, ginsenosides primarily participated
in biological processes such as transcription, signal trans-
duction, and innate immune response. Additionally,
based on the KEGG analysis results (Figure 2B), ginseno-
sides predominantly influenced pathways such as the
NOD-like receptor signaling pathway, HIF-1 signaling
pathway, and multiple pathways related to microbial in-
fections. To further pinpoint the key targets of ginseno-
sides affecting weightlessness-induced inflammation, the
differential proteins from the proteomics analysis were
intersected with genes associated with weightlessness
and inflammation. As shown in Figure 2C, 10 potential
target proteins were identified, including CDA40, IL-15,
and poly ADP-ribose polymerase 1 (PARP1), among
which IL-15 participated in the regulation of multiple in-
flammation-related signaling pathways, whose expres-
sion also influenced the secretion of a variety of inflam-
matory factors.

3.3 Effects of simulated weightlessness on cell viability
and morphology

To further explore the impacts of ginsenosides on inflam-
matory factors using a simulated weightlessness cellular
model, it was necessary to verify whether simulated
weightlessness would affect cell viability. Initially, the
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Top 15 of KEGG enrichment

Platelet activation{ | NN NI '5 (0.001 4)
HIF-1 signaling pathway{ | NN HHHNR 14 (0.001 9)
Pertussis{ [N 10 0.003 9)
Salmonella infection{ | INEGEGG_—_—_—__ 20 (0.005 3)
Huntington disease | NRME 2+ (0.005 7)
Legionellosis{ [ 3 (0.006 1) P value
NOD-like receptor signaling pathway- | N RREEEEN '7 (0.007 1) 0020
Yersinia infection{ | N 13 (0.008 2) 0.015
Central carbon metabolism in cancer [N © 0.008 5) 33:)(5]
Epstein-Barr virus infection{ | NN 23 (0.008 7)
Proteoglycans in cancer{ | N 15 (0.013)
Estrogen signaling pathway{ [N 13 (0.018)
Insulin signaling pathway{ [N 13 (0.022)
Human immunodeficiency virus 1 infection{ NN 18 (0.023)
Viral carcinogenesis{ [N 17 (0.023)
0 2 4 6 8
Gene percent (%)

Pathway

TLR signaling pathway
NF-xB signaling pathway
MAPK signaling pathway
TNF signaling pathway

-NOD-like receptor signaling pathway

A, proteins extracted from cells of both the LPS and LPS + ginsenosides groups. The differential expression proteins, as identified by
LFQ proteomics analysis, were subjected to GO enrichment analysis. B, KEGG enrichment analysis. C, a dynamic Venn diagram illus-
trating the screening process for identifying ginsenosides targeted proteins. BP: biological process. MF: molecular function. CC: cellu-

lar component.

cells morphology under a simulated weightlessness con-
dition was observed with the use of fluorescence mi-
croscopy in each group. As indicated in Figure 3A, there
were no differences found between the NW and the C-SW
groups, and between the L-SW and the LG-SW groups.
Subsequently, the LDH and CCK-8 assays were per-
formed to detect the cell viability. As illustrated in Figure
3B, there were no significant differences in LDH levels
among the C-SW, L-SW, G-SW, and LG-SW groups in
THP-1 cells. Furthermore, the result of the CCK-8 analy-
sis also indicated that the presence of ginsenosides at this
concentration did not have significant effects on cell via-
bility under simulated weightlessness conditions (Figure

3C). These outcomes provide compelling evidence for the
suitability of the model for subsequent experimental in-
vestigations.

3.4 Inflammatory factors released during the simulated
weightlessness period

To investigate the impacts of ginsenosides on inflamma-
tory factors during the simulated weightlessness period,
THP-1 cells were cultured under a simulated weightless
environment for 48 h, and the levels of inflammatory
factors were assessed using ELISA. As depicted in Figure
4, no expression of inflammatory factors was observed in
the C-SW and G-SW groups during the weightlessness
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Figure 3 Impacts of weightlessness and ginsenosides on
cell morphology and viability

A, fluorescence microscopy. B, LDH assay. C, CCK-8 assay. ns:
not significant. NW: non-weightlessness group. C-SW: simulat-
ed weightlessness control group. G-SW: simulated weightless-
ness ginsenosides group. L-SW: simulated weightlessness LPS
group. LG-SW: simulated weightlessness LPS + ginsenosides
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Figure 4 Influences of ginsenosides on cytokines release
during the simulated weightless environment

A, IL-6. B, TNF-a. C, IL-8. D, IL-15. ***P < 0.000 1. ns: not signifi-
cant. C-SW: simulated weightlessness control group. G-SW:
simulated weightlessness ginsenosides group. L-SW: simulated
weightlessness LPS group. LG-SW: simulated weightlessness
LPS + ginsenosides group.

condition. However, after a 48-hour treatment with LPS,
there was a notable expression in the levels of IL-6, TNF-
a, IL-8, and IL-1f in the supernatant. Notably, the con-
tents of IL-6 and TNF-a in the cell supernatant were sig-
nificantly reduced after treatment with ginsenosides (P <
0.000 1), while the content of IL-8 and IL-1/ remained un-
changed. These results suggested that ginsenosides could
antagonize LPS-induced inflammatory factors such as IL-
6 and TNF-a during the simulated weightless condition.

3.5 Inflammatory factors released during the weightless-
ness recovery phase

To investigate the impacts of ginsenosides on LPS-in-
duced inflammatory factors during the recovery period,
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THP-1 cells were cultured for 6 h after the simulated
weightlessness period, and the levels of inflammatory fac-
tors in the supernatant were detected using ELISA assay.
As shown in Figure 5, no inflammatory factors were de-
tected in the control group after the weightlessness recov-
ery phase. However, LPS treatment significantly in-
creased the levels of IL-1p, IL-6, IL-8, and TNF-a in the
cell supernatant (P < 0.0001). Conversely, the treatment
with ginsenosides resulted in a substantial reduction of
IL-1p, IL-6, IL-8, and TNF-a in supernatant (P < 0.000 1).
These results underscored, the ability of ginsenosides to
effectively inhibit the release of LPS-induced inflammato-
ry factors, namely IL-1f, IL-6, IL-8, and TNF-a during the
weightlessness recovery period.
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Figure 5 Impacts of ginsenosides on cytokines release
during the recovery period

A, IL-14. B, IL-8. C, IL-6. D, TNF-a. ***P < 0.000 1. C-WR: weight-
lessness recovery control group. L-WR: weightlessness recovery
LPS group. LG-WR11/LG-WR33/LG-WR100: weightlessness re-
covery LPS + ginsenosides group and treated with different con-
centrations of total ginsenosides (100, 33, and 11 pg/mL).

4 Discussion

As the manned space station program continues to
evolve, astronauts will increasingly find themselves
spending extended duration in weightless conditions in
space. However, prolonged exposure to a weightless envi-
ronment has detrimental effects on the body’s immune
system. Astronauts experience alterations in the distribu-
tion and function of lymphocytes during spaceflight,
leading to changes in the release of various cytokines [". A
study highlighted numerous instances of virus reactiva-
tion during space missions, including viruses such as hu-
man herpes virus (HHV), epstein-barr virus (EBV), cy-
tomegalovirus (CMV), and varicella zoster virus
Therefore, it is imperative to explore strategies for pro-
tecting immune system in the weightless environment to
ensure the health and safety of astronauts.
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Research conducted on rhesus monkeys exposed to a
prolonged period of microgravity in a weightless environ-
ment unveiled the potential for significant alterations in
immune function and the occurrence of pulmonary dam-
age. The alteration exerted an influence on the distribu-
tion and function of lymphocytes, along with the release
of cytokines !, To further investigate the primary targets
of weightlessness-induced inflammation, this study start-
ed with searching genes related to weightlessness, immu-
nity, and inflammation from the GeneCards database,
with a total of 231 main intersected genes identified. The
STRING database was primarily utilized for protein inter-
action network analysis, a versatile tool with broad appli-
cations in disease research, prediction of core genes for
drug development, and network pharmacology [ %1,
Through the analysis of the STRING interaction networks,
it was revealed that IL-18, IL-6, TNF, insulin (INS), and
ALB might be the main targets that were associated with
weightlessness-induced inflammation, among which, IL-
1p, requiring host-response and pathogen resistance, was
an important mediator of the inflammatory response. It
also exacerbated damage during chronic illness and
acute tissue injury 2. IL-6 helped host to defense by
stimulating acute phase responses, hematopoiesis, and
immunological reactions, and the abnormal production
of which could result in pathogenesis of chronic inflam-
mation and autoimmunity %,

More than one study has demonstrated the anti-in-
flammatory effects of ginsenosides ** *J, To determine
whether ginsenosides could be used to protect against
weightlessness-induced inflammation, the differentially
expressed proteins were screened and enriched in the
THP-1 cells of the ginsenosides group, and compared
with those in the control group using LFQ proteomics.
The results indicated that ginsenosides were capable of
regulating the infection signaling pathways of various
pathogenic microorganisms as well as NOD-like receptor
signaling pathways and HIF-1 signaling pathways. Previ-
ous studies also found the ability of ginsenosides to miti-
gate the adhesion of Salmonella, decrease the proportion
of Escherichia coli microbiota, and inhibit the Severe
Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-
2) 5% However, the regulation of Yersinia and the hu-
man papilloma virus (HPV) infection following ginseno-
sides treatment have not been reported yet. By intersect-
ing differentially expressed proteins with genes related to
weightlessness-induced inflammatory, a total of 10 tar-
geted proteins including CD40, IL-1p, PARP1, and SOD1
were discovered, of which CD40, IL-15, and PARP1 re-
ported to have regulated the levels of TNF, TLR, NF-«B,
and other signaling pathways, leading to changes in the
levels of inflammatory factors including IL-6, IL-15, and
TNF-a P11, The results also suggested that ginsenosides
might inhibit the release of pro-inflammatory cytokines
by modulating the expression of the above target pro-
teins.

Anti-inflammation effects of ginsenosides 291

To investigate the effects of ginsenosides on inflam-
matory cytokines in a weightless environment, cell mod-
els were constructed under a simulated weightless envi-
ronment, whose morphology and viability were detected
under the specific environment. PMA-induced differenti-
ation of THP-1 cells into M0 macrophages was an ideal
model for investigating immune regulation *°l. LPS was
the component of the cell wall of gram-negative bacteria,
with ability to induce inflammatory responses in host
cells and promote M0 macrophages differentiation into
M1 macrophages ). Compared with cells in the control
group, those in the ginsenosides group didn’t alter in
morphology under the simulated weightless environ-
ment. Next, cell viability was determined by employing
the LDH and CCK-8 assay, which demonstrated that
neither weightlessness nor ginsenosides treatment affect-
ed cell viability. M1 macrophages were found to bear the
capacity of releasing several inflammatory factors such as
IL-1p, IL-6, and TNF-¢, thereby contributing to microbial
destruction and phagocytosis. In addition, overproduc-
tion of inflammatory factors also caused tissue damage,
disrupted epithelial barrier, and caused inflammatory re-
sponse in tissues *’, Hence, in order to evaluate the pro-
tective influences of ginsenosides on cells, this study em-
ployed a cell rotator to simulate cellular weightlessness.
The THP-1 cells were cultured on the cell rotator and
treated with LPS to induce inflammatory responses, fol-
lowed by the treatment with ginsenosides. ELISA was
then utilized to detect the expression of inflammatory
factors, and the results demonstrated that ginsenosides
could reduce the levels of IL-6 and TNF-a during a simu-
lated weightless environment. Furthermore, ginseno-
sides also exhibited a noteworthy reduction in IL-1/, IL-6,
IL-8, and TNF-a levels in cells during the recovery period
after simulated weightlessness. In this study, it was un-
derscored that ginsenosides could mitigate the release of
cellular inflammatory factors during simulated weight-
lessness period and the following recovery phase, sug-
gesting a protective role in combating tissue inflamma-
tion during a weightless environment.

5 Conclusion

In summary, IL-1p, IL-6, and TNF were found to be the
primary targets of weightlessness-induced inflammation
via STRING protein network analysis. Proteomics analy-
sis of THP-1 cells revealed that ginsenosides also primari-
ly participated in a variety of inflammation-related and
microbial infections signaling pathways, as well as signifi-
cantly altered the expressions of inflammation-related
proteins such as CD40 and IL-1f. Ginsenosides were
found to have the ability to markedly reduce the THP-1
inflammatory factors IL-6 and TNF-a induced by LPS
during a simulated weightlessness period. It could inhib-
it inflammation by decreasing the release of IL-6, TNF-a,
IL-1p, and IL-8 during the weightlessness recovery phase
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as well. Our study provides a theoretical foundation for
further exploring the application of ginsenosides in the
prevention of weightless-induced inflammation.
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