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Asiaticoside Alleviates Liver Fibrosis by Regulating Calcium

Signaling Homeostasis
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Abstract Liver fibrosis is a vital determinant in the development of chronic liver diseases towards liver
cirrhosis and hepatocellular carcinoma. However, there are currently no approved specific agents for effectively
halting liver fibrosis. Therefore, the aim of this study was to investigate the potential role of Asiaticoside in com-
bating liver fibrosis and to elucidate the underlying mechanisms. /n vitro experiments showed that Asiaticoside
markedly inhibited the human LX-2 cells viability and migration, which are known to be participate in fibrosis de-
velopment. RNA-sequencing was performed on HSCs following Asiaticoside administration, which revealed that
the antifibrotic effects of Asiaticoside depend on calcium signaling pathways. Importantly, Asiaticoside induced
cytosolic calcium down-regulation while mitochondrial calcium overload. In addition, Asiaticoside also promoted
apoptosis, inhibited inflammation and reduced ROS (reactive oxygen species) levels. Asiaticoside significantly alle-
viated both hepatic collagen deposition and calcium pathways abnormalities, and inhibited the development of liver
fibrosis in the CCl, (carbon tetrachloride)-induced mouse models. In summary, Asiaticoside ameliorated liver fibro-
sis by calcium signaling pathways, which provides a promising candidate for the clinical treatment of liver fibrosis.
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Liver fibrosis represents an essential stage of con-
tinuous progression of liver acute or chronic liver dis-
ease, from simple injury to end-stage of liver diseases
such as cirrhosis and even liver cancer, which remains
a significant and global health concern due to its drastic
rise incidence!' . It is reported that approximately 1%
to 2% of global population is affected by liver fibrosis,
and no less than one million patients die worldwide
every year. Persistent liver fibrosis leads to excessive
deposition of ECM (extracellular matrix) and replace-
ment of liver parenchymal portions'!, breaking the nor-
mal liver physiological function. Hence, it is impera-
tive to develop satisfactory antifibrotic drugs to slow
the development of mild liver disease from progressing
into a fatal condition.

As the major fibrotic effector cells, HSCs (hepatic
stellate cells) play an important role in the onset and
advancement of liver fibrosis. Two types of chronic
liver injury, namely hepatotoxic injury and cholestatic
injury, directly or indirectly activate HSC to transdif-
ferentiate into myofibroblasts, which synthesizing a
generous number of ECM and leading to escalating he-
patic fibrosis® . Therefore, specific targeted interven-
tion therapy to induce HSC inactivation will promote
precision anti-fibrosis therapy.

ASIA (asiaticoside) is a natural pentacyclic triter-
penoid and the main bioactive components of centella
asiatica. It manifests a wide range of pharmacological
properties, encompassing anti-oxidant, antidepressant,
wound-healing, anti-tumor, anti-inflammatory, and
anti-fibrosis"*. Recent data have demonstrated that
ASIA ameliorated the blood-spinal cord barrier disrup-
tion through mediating endoplasmic reticulum stress™..
SHENG et al'"” discovered that ASIA relieved perito-
neal fibrosis by inhibiting the JAK2/STAT3 signaling
pathway. Studies in mammalian animal models, ASIA
attenuated bleomycin-induced pulmonary fibrosis by
activating cAMP and Rap1 pathways!'". However, the
mechanism of its treatment of liver fibrosis is still exist
elusive.

In this research, we investigated the benefit of
ASIA on LX-2 cells (a human hepatic stellate cell

line) and CCl, induction liver fibrosis mice model, and
transcriptomics was used to further detect the potential
mechanisms of its therapeutic effects. Our results indi-
cated that ASIA inhibited HSCs activation dependent
on calcium signaling pathways, ultimately improved

liver fibrosis.

1 Materials and methods
1.1 Cells culture

LX-2 cells, acquired from Haixing Biosciences
company (TCH-C391, HyCyte™). The cells prolif-
erate in complete medium (TCH-G391, HyCyte™).
The cells were cultured in a controlled incubation
environment with 5% CO, at a temperature of 37 °C.
Upon reaching 80%-90% confluency, enzymatic hy-
drolysis of cells with 0.25% trypsin solution, and it
is then appropriate to spread 2x10° cells per well in a
6-well plate subsequently. Before the experiment, the
cells were subjected to a serum-free period overnight.
Treated LX-2 cells with ASIA for a duration of 48 h.
In the TGF-B-induced group, used a concentration of
15 ng/ul. TGF-P to pretreated cells for 1 hour, At the
end of pretreating, ASIA was also administered to this
group for 48 h. To ensure the robustness of the data, all
experiments were conducted in triplicate.

1.2 Cell viability assay

MTT assay evaluated the effect of ASIA on LX-2
cells viability and proliferation. We then plated 1x10*
LX-2 cells per well in 96-well plates, and treated with
various concentrations of ASIA treatment for a duration
of 48 h. After the allotted time, we dropped 20 uL MTT
solution in each well, and then incubated them at 37 °C
for 2 h. Absorbance measured at both 490 nm and 570 nm
were then recorded using a microplate reader.

1.3 Transcriptomic analysis

Cells in the exponential growth stage were evenly
distributed into 9 large dishes, with a seeding density
of 5x10° cells per dish. ASIA was added to make the
final concentrations of 0, 20 and 40 umol/L, and 3 large
dishes were set for each concentration. Following 48 h
of treatment, cells were digested with 0.25% trypsin

for 2 min and centrifuged at 1 000 r/min for 5 min, and
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1 mL of Trizol was added and placed at —80 °C. A total
of three biological replicates were performed; samples
were sent to Beijing Nuohe Zhiyuan Technology Co.,
Ltd for total RNA extraction, mRNA enrichment, and
genome-wide mRNA sequencing analysis using il-
lunima nova PE150.
1.4 Calcium flux assay

To investigate the changes in mitochondrial calcium
and cytosolic calcium levels, we employed a Confocal
Laser Scanning Microscope. Initially, 2x10° cells were
inoculated in a 35 mm glass bottom cell culture dish
with 1 mL fresh medium and left them in cell incubator
overnight. Following this, we aspirated and discarded
the medium, and washed the cells gently twice with as-
say buffer 1. Then added 200 pL of Fluo-4*™ or Rhod-
2™ working solution at a concentration of 4 umol/L to
the dish tank and incubated at 37 °C for 50 min. Subse-
quently, assay buffer 1 was carefully washed twice, and
finally 1 mL assay buffer 1 was added. The correspond-
ing Fluo-4 or Rhod-2 channels were selected according
to the dye type, and 9 consecutive images were taken
as the basal fluorescence of the cells at 40x objective.
Following the ninth slide, the desired concentration of
ASIA solution was added to the liquid level of the im-
aging field. The imaging process was set to capture im-
ages at a 5-second interval, resulting in a total of 300
images being acquired. This approach allowed us to
monitor the dynamic changes in mitochondrial calcium
and cytosolic calcium levels in response to ASIA treat-
ment.
1.5 Mitochondrial ROS assay

Mitochondrial ROS was detected by flow cytom-
etry CyFlow Cube 6. LX-2 cells in logarithmic phase
were collected and adjust the cell density to 5x10° cells
per well and seed in a 6-well plate (2 mL culture sys-
tem). Time gradients of 0, 1, 3, and 6 h were established,
during which 40 pmol/L ASIA was added to each well,
and then the plate was placed in the incubator at 37 °C.
After culturing to the specified time, collect the cells in a
centrifuge tube and centrifuged at 1 000 r/min for 5 min,
0.5 mL culture medium was reserved to resuspend the
cell pellet, and 0.5 mL MitoSOX dye was added to each

tube to fully mix; placed in the incubator and inverted
every 3-5 min to mix well. After washing the cells with
PBS, 1 mL PBS was used to resuspend and prepare for
detection; FL2 channel was utilized by flow cytometry.
1.6 Cytosolic ROS assay

Fluorescence inverted microscopy was employed
to detect cytosolic ROS. Collected LX-2 cells in the
logarithmic growth phase and then inoculated into 6-well
cell culture plates, with a density of 5x10° cells per well
in 2 mL of fresh medium. ASIA treatment was adminis-
tered at a concentration of 20 pmol/L, with four different
points in time: 0, 1, 3, and 6 h. To measure the cytosolic
ROS, DCFH-DA was diluted 1:1 000 with serum-free
culture medium to achieve 10 pmol/L. The cell culture
medium was discarded, and added 1 mL of the diluted
DCFH-DA solution in a dark environment. Following
a 20-minute incubation at 37 °C, cells were washed
three times with serum-free medium to ensure removal
of DCFH-DA that without entering cells. Excitation
wavelength of 488 nm and an emission wavelength of
525 nm were used, the fluorescence intensity was mea-
sured before and after stimulation at each time point.
1.7 Western blot

Cells or tissues were collected at the specified
time points, then lysed with radio-immunoprecipitation
assay buffer (RIPA; Servicebio, Wuhan, China) supple-
mented with phenyl-methylsulfonyl fluoride (PMSF;
Servicebio, Wuhan, China) at a ratio of 100:1 to ensure
protein stability. Determined the protein concentra-
tion by a bicinchoninic acid (BCA; Solarbio, Beijing,
China) protein assay kit, and the required protein sam-
ples were prepared accordingly. Follow by the protein
samples electrophoresis experiments were performed
in sodium dodecyl sulfate-polyacrylamide gels (SDS-
PAGE) at appropriate concentrations. Subsequently,
transferred the proteins onto polyvinylidene difluoride
membranes (PVDF; Millipore, Germany). Using 5%
(w/v) skimmed milk to block the membranes for 2 h at
room temperature, and then the primary antibodies was
incubated overnight at 4 °C. Horseradish peroxidase-
conjugated (HRP) secondary antibodies (Bioworld,
BS13278, 1:10 000) were used for incubation under
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room temperature for 2 h. The protein bands were de-
tected using an electrochemilum- minescence (ECL;
ChampChemi 910 Plus, Sagecreation) detection sys-
tem. Utilizing Image J software (Bio-Rad, USA) to
measure the optical density of the bands and to normal-
ize to GAPDH (Bioworld, AP0066, 1:10 000) or B-actin
(Bioworld, AP0060, 1:10 000). The primary antibodies
that used in this research including: a-smooth muscle
actin (a-SMA, HUABIO, 1:1 000), collagen type I al-
pha 1 (Collal, HUABIO, ET1609-68, 1:1 000), PDGF
(HUABIO, ET1605-20, 1:1 000), IL-1B (ABclonal,
P01584, 1:1 000), IL-6 (Bioworld, BS6419, 1:1 000),
actived-caspase-3 (Bioworld, BS7004, 1:1 000), cas-
pase-3 (Bioworld, BS1518, 1:1 000) and Anti-Calmod-
ulin (Calm; HUABIO, ET1606-46, 1:1 000).
1.8 RT-qPCR

Using TransZol Up reagent (Transgen, Beijing,
China) to extract tissues and cells, and then the RNA
content was quantified by a Nanophotometer P330
Spectrophotometer (Implen, US). Subsequently, 1 pg of
total RNA was utilized for cDNA synthesis, performed
using a reverse transcription kit (Monad, Suzhou, Chi-
na). The resulting cDNA was amplified by the SYBR
Green qPCR Mix kit (Monad, Suzhou, China). Using

the 27 method to determine the target genes relative

expression levels, with normalization to the expression
level of GAPDH. For reference, the primer sequences
used are provided in Table 1.

1.9 Animals and experimental protocols

Purchasing male C57BL/6 mice (6-week-old)
from Charles River (Hangzhou, China) and acclimated
to laboratory conditions for 1 week prior to the experi-
ment. The mice were placed in a SPF (specific patho-
gen free) animal facility for a 12-hour light/dark cycle
and maintained at appropriate temperature and humid-
ity levels [(25+1) °C, (55£5)%, respectively]. Bedding
was regularly changed, and the mice had free access to
food and water during the entire process of the experi-
ment, all animal experiments were approved by the
Experimental Animal Ethics Committee of Zhejiang
Sci-Tech University (Ethics review approval number:
202303001).

In order to establish liver fibrosis model, the mice
were intraperitoneally injected with 20% CCly (v/v) dis-
solved in corn oil at a dose of 5 mL/kg twice a week, on
fixed days (Monday and Thursday), The mouse liver fi-
brosis model constructing add up to 6 weeks. Under the
same volume and frequency, control mice were injected
with corn oil alone. At the third week, arbitrarily divided

the mice into three groups (n=6 per group) using the fol-

#1 RT-qPCR3|¥IF7
Table 1 Primers for RT-qPCR

B YSES SIIFFFI(5—3)

Gene Primer sequence (5'—3")

ADRA1D-F TTATGG CCG TGG CAG GTAAC
ADRAID-R GCCAGG TTC ACG ATGAAATAGTT
EGF-F TCC TCA CCC GAT AAT GGT GGA
EGF-R CCA GGAAAG CAATCA CATTCC C
FGFI-F GCC CTG ACCGAGAAGTTTAATC
FGFI-R CCC CGT TGC TAC AGT AGA GG
GRIN24-F TCATGC AGG ATT ATG ACT GGC A
GRIN2A4-R TGT GGT CTT GAC GAA GCT GAT
NTRK3-F ACG AGA GGG TGA CAATGC TG
NTRK3-R CCA GTG ACT ATC CAG TCC ACA
OXTR-F CTG CTA CGG CCT TAT CAG CTT
OXTR-R CGC TCCACATCT GCACGAA
GAPDH-F AACTTT GGC ATT GTG GAA GG
GAPDH-R CAT CGA AGG TGG AAG AGT GG
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lowing methods: (a) Control group was intraperitoneally
injected with corn oil, (b) 20% CCls-treated group, (c)
ASIA-treated (20 mg/kg) group. The above three groups
were also given the same amount of corn oil, 20% CCl,
or ASIA solution intraperitoneally injection daily. Six
weeks later, all mice were sacrificed, followed by rapid
collection of blood samples and liver tissues, superna-
tant serum was taken after blood centrifugation, and
liver tissues were washed with PBS and photographed.
All tissues placed at —80 °C for preservation.

1.10 Biochemical analyses

Liver function markers, including AST (aspartate
aminotransferase) and ALT (alanine aminotransferase),
were assessed using assay kits obtained from Nanjing
Jiancheng Bioengineering Institute (Nanjing, China).
1.11 Histological analysis

The liver tissue was fixed with 4% neutral para-
formaldehyde solution and cut into 4-um slices after
paraffin embedding. Then the slices were dewaxed
in graded xylene and rehydrated in graded alcohol.
Subsequently, the liver tissues were stained with H&E
(hematoxylin-eosin), as well as Sirius red and Masson
staining solution. Microscope was used to observe his-
tological changes in a randomly selected field of view.
1.12 THC (immunohistochemistry)

Liver tissue samples, fixed with 4% neutral para-
formaldehyde solution and cut into 4-pum slices after
paraffin embedding. The following procedures were
performed: (a) The tissue samples were baked, depar-
affinized in xylene, and hydrated in ethanol. (b) Endog-
enous peroxidase was blocked in a dark room at room
temperature for 10 min using citrate buffer containing
3% hydrogen peroxide. (c) The sections were removed
from the beaker, and added 1% BSA (bovine serum
albumin) solution dropwise to completely cover the tis-
sue. And then the sections were incubated under 37 °C
for 1 h. (d) Antibodies were diluted in 1% BSA (1:200,
v/v) and incubated with the sections overnight under
4 °C. (e) Next day, the sections were allowed to reach
room temperature and incubated with the secondary
antibody (1:200, v/v) under room temperature for 2 h.

(f) Detected protein expression using DBA (3,3-diami-

nobenzidine) staining, and the nuclei were observed
using hematoxylin staining. (g) Finally, the sections
were photographed using a microscope.
1.13 Statistical analyses

Each set of experiments was repeated indepen-
dently more than three times, All data were expressed
as x+£s, t test and ANOVA were used for significance
statistics, and differences in means of the two samples
could be compared using T test when the sample size
was small and conformed to a normal distribution. One-
Way analysis of variance (ANOVA) is a statistical test
that can be employed when there are multiple groups of
samples that obey a normal distribution and have equal
variances. It allows for the assessment of significant
differences in the means among these groups. Samples
may be analyzed using a Mann-Whitney test when they
fail to meet the normal distribution or homogeneity of
variance conditions. Significant differences *P<0.05,
*4P<(.01, ***P<(0.001, *P<0.01, *P<0.001 indicate
significant data, ns: no significant. Prism Graph soft-

ware was used for drawing.

2 Results
2.1 ASIA inhibits the activation of LX-2 cells

The excessive proliferation of activated hepatic
stellate cells is a crucial factor for promoting liver fi-
brosis. In this study, we studied the impact of ASIA
on cell proliferation, and fibrotic key markers in LX-2
cells. In order to assess the impact of ASIA on cell
proliferation, LX-2 cells were managed by ASIA that
dissolve into various concentrations for 48 h. The rela-
tive living rate of the cells was measured using the
MTT assay. As shown in Fig.1A, the viability of LX-2
cells decreased in a concentration-dependent manner
in the ASIA concentration range of 0-50 umol/L. Fur-
thermore, we examined the expression of fibrotic key
markers, including o0-SMA, Collal, and PDGF using
Western blot assays. As shown in Fig.1B, treatment
with ASIA notably reduced a-SMA, Collal, and PDGF
proteins expression level in LX-2 cells compared to the
control group. We also conducted the cell scratch assay

to investigate the impact of ASIA on LX-2 cells migra-
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tion. As illustrated in Fig.1C and Fig.1D, cells treated ASIA inhibited LX-2 cells proliferation, we performed

with ASIA exhibited a significant decrease in migration transcriptome sequencing of LX-2 cells after ASIA
over time, with a more pronounced effect observed at treatment. KEGG pathway analysis of the down-regu-
higher drug concentrations. It indicated that the migra- lated differentially expressed genes showed that these
tion ability of LX-2 cells was significantly inhibited genes were significantly enriched in calcium signaling

by ASIA. Our results suggest that ASIA inhibits LX-2 pathway (Fig.2A). Genes enriched in calcium signal-

cells activation and attenuates liver fibrosis progres- ing pathways were selected for heat map presentation

(Fig.2B), including ADRAID, EGF, FGF1, GRIN2A,
2.2 Transcriptomic analysis of the mechanism of NTRK3, OXTR. This result was subsequently verified

sion.

ASIA inhibited LX-2 cells activation by RT-gPCR (Fig.2C). These data suggest that ASIA
To explore the specific mechanism by which inhibited LX-2 cells activation closely related to cal-
A B
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A: cell viability in LX-2 cells post-ASIA exposure (0-50 umol/L) was assessed via MTT assay; B: post-treatment of LX-2 cells with ASIA, fibrosis-
associated proteins were tested via Western blot and subjected to statistical analysis; C,D: the migration capability of LX-2 cells with ASIA treatment
was evaluated using a scratch assay, followed by statistical analysis; *P<0.05, **P<0.01, ***P<0.001, ASIA group compared with Control group.
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Fig.1 ASIA suppresses LX-2 cells activation
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*P<0.05, **P<0.01, ASIA group compared with Control group.
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Fig.2 Transcriptome mechanism study in ASIA-inhibited LX-2 cells activation

cium signaling pathway.
2.3 ASIA inhibits the activation of HSC cells de-
pendent on calcium signaling pathways
Maintaining cellular homeostasis relies on the reg-
ulation of Ca** flux, which is closely related to the HSC
cells activation. Based on this, we first investigated the
expression changes of Calm, a calcium-associated pro-
teins, in LX-2 cells after ASIA treatment using Western
blot assay. As depicted in the Fig.3A, the expression
of Calm was significantly decreased in the treatment
group compared with the control group. Subsequently,
we utilized cytosolic and mitochondrial calcium fluo-
rescent probes to detect changes in intracellular calcium

content after treatment with ASIA for different time

periods by laser scanning confocal microscopy. The re-
sults of cytosolic calcium content change are presented
in the Fig.3B and Fig.3D. Addition of ASIA at a con-
centration of 40 pmol/L to LX-2 cells displayed a rapid
and notable decrease in cytosolic calcium content over
a short period of time, which showed a slow decreas-
ing trend after 1 000 s. Mitochondrial calcium content
change results are shown in the Fig.3C and Fig.3E,
where treatment with 40 umol/L ASIA induced a sub-
stantial increase in mitochondrial calcium content,
peaking at 1 000 seconds and gradually decreasing
thereafter. These findings imply that ASIA causes Ca*
to flow from the cytosol into mitochondria. To further

clarify the effect of Ca*" in HSC cells activation, we
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E3 REEHBEIGESEBEIFIHSCIEK
Fig.3 ASIA suppresses HSC activation via calcium signaling pathway
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used DIDS (mitochondrial calcium channel blocker)
to pretreat LX-2 cells followed by ASIA, the results of
fluorescence inverted microscopy showed that red fluo-
rescence increased prominently after TGF-B induction,
and increased further after ASIA treatment in a concen-
tration-dependent manner. Compared with TGF-§ in-
duction, red fluorescence was noticeably weaker in the
group without TGF-P induction, and also increased in a
concentration-dependent manner after ASIA treatment
(Fig.3F). Then we investigated whether ASIA induced
cells death by increasing of calcium concentration in
mitochondria. MTT assay shown that DIDS pretreat-
ment significantly reversed ASIA-induced cells death
(Fig.3G). Western blot showed that TGF-B-induced
promotes 0-SMA expression level, which was promi-
nently inhibited by ASIA treatment, after combination
with DIDS, a-SMA expression increased (Fig.3H and
Fig.3I). The above results indicate that ASIA inhibits
the activation of HSC cells through mitochondrial cal-
cium overload.
2.4 ASIA induces mitochondrial oxidative stress
and promotes apoptosis of LX-2 cells

Previously we showed an apparent decrease in
cytosolic calcium content in LX-2 cells after addition
of ASIA by confocal laser scanning microscopy. It is
well-known that Ca®" and ROS are multifunctional
signaling molecules that coordinate pathophysiologi-
cal processes, and they interact with each other!'?.
To explore the impact of ASIA on intracellular ROS
levels, we utilized loaded DCFH-DA probes to de-
tect intracellular ROS levels. Results are depicted in
Fig.4A. Intracellular ROS levels were clearly lower in
LX-2 cells treated with ASIA compared to controls.
It is well-established that alterations in ROS level
plays an important role in the development of inflam-
matory responses!'’!. To explore the potential against
inflammatory activity of ASIA in vitro, we assessed the
expression of IL-13 and IL-6. Remarkably, compar-
ing to the control group the expression of IL-1p and
IL-6 in ASIA-treated cells was suppressed (Fig.4B and
Fig.4C). These results reveal that ASIA exerts its anti-

inflammatory effects, thereby potentially preventing

the progression of liver fibrosis.

Mitochondrial calcium overload causes abnormal
fluctuations of mitochondrial ROS, and we detected the
changes of mitochondrial ROS after ASIA treatment by
flow cytometry. Mitochondrial ROS levels rose sharply
within 1 h of ASIA treatment (Fig.4D and Fig.4E).
Given the crucial role of increased mitochondrial ROS
in promoting apoptosis, we further investigated the
apoptotic effects of ASIA treatment on LX-2 cells.
Western blot analysis was employed to assess apoptotic
marker proteins expression level changes, specifically
caspase3, actived-caspase3. Notably, the expression
of actived-caspase3 was significantly enhanced, while
caspase3 expression showed a slight decrease (Fig.4F
and Fig.4G). To explore whether ASIA inhibited HSC
cells activation by promoting apoptosis, we conducted
MTT assays to evaluate LX-2 cells proliferation after
treatment with the apoptosis inhibitor Z-VAD-FMK.
As depicted in Fig.4H, the proliferation activity of cells
pretreated with Z-VAD-FMK was visibly enhanced
which compared to the control group. These results
suggest that apoptosis inhibitor Z-VAD-FMK can re-
verse death caused by ASIA treatment of LX-2 cells,
further certified ASIA induced apoptosis in LX-2 cells.
These data demonstrate that ASIA treatment triggered
mitochondria-mediated apoptosis in LX-2 cells.

2.5 ASIA has hepatoprotective effects

We investigated the hepatoprotective effects of
ASIA in mice model of CCls-induced liver fibrosis
(Fig.5A). Anatomical examination of the livers re-
vealed that CCLi-induced mice exhibited a lighter color
and a fat layer on the surface compared to the Oil
group. However, these pathological changes were re-
versed following ASIA treatment. Histological analysis
of the mouse liver tissue using HE staining showed that
the Oil-treated control group exhibited intact liver tis-
sue structure with radial arrangement of hepatic cords,
no fibrous hyperplasia, or inflammatory cell infiltra-
tion. In contrast, the CCls-treated group showed exten-
sive eosinophilic degeneration, and marked lymphocytic
infiltration. Notably, ASIA treatment alleviated miti-
gated inflammatory cell infiltration (Fig.5B). Monitor-
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ing of mice body weights revealed no remarkable dif-
ferences within liver-to-body weight ratios among the
three groups (Fig.5C). To further understand the effect
of ASIA on liver function, we measured the enzyme ac-
tivities of ALT and AST in mice serum. The results said
CCls-induced led to a significant increase in ALT and
AST levels compared to the Oil group. However, treat-

ment with ASIA brought about a notable improvement

in ALT and AST levels. These findings demonstrated
that in mice with CCl;-induced liver fibrosis, ASTA im-
proves liver function (Fig.5D and Fig.5E). These data
demonstrated that ASIA has hepatoprotective properties
in mice model of liver fibrosis induced by CCl,.
2.6 ASIA alleviates CCls-induced liver fibrosis in
mice

In order to evaluate the impact of ASIA on intra-
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hepatic collagen deposition, we performed Sirius red
staining and Masson staining. The Sirius red staining
shown in Fig.6A demonstrated that the liver tissue
from the Oil group showed no significant collagen de-
position. However, after CCl, induction, a substantial
amount of collagen fibers was deposited in the portal
areas and interlobular septa of liver tissues in the CCly-
induced group. Remarkably, in the ASIA group, there
was a notable reduction in collagen fiber deposition
when compared with the model group. Similarly, the
Masson staining results also showed that ASIA can
improve liver fibrosis significantly (Fig.6A). Fur-
thermore, we assessed the expression of liver fibrosis
markers through IHC and Western blot. The IHC stain-
ing results demonstrated low positive expression levels
of a-SMA and Collal proteins in the liver tissue of
the Oil group. In contrast, the CCls group exhibited
increased expression levels of a-SMA and Collal in
the cytoplasmic regions of fibrous septa in the portal
area and sinusoidal fibroblasts near the fibrous septa.
However, after ASIA treatment, the positive expression
levels of 0-SMA and Collal in the liver tissue were
significantly alleviated (Fig.6C and Fig.6D). Addition-
ally, Western blot detects the expression changes of
0o-SMA, IL-1p, IL-6 and Calm at the animal level. The
results showed that the expression of a-SMA, IL-1p,
IL-6 and Calm increased significantly after induction
with CCly, and treatment with ASIA decreased their
expression (Fig.6E-Fig.6J). These findings suggest that
ASIA alleviate intrahepatic collagen deposition in mice

with liver fibrosis.

3 Discussion
Natural products derived from traditional Chi-

nese medicine have been an important source of new
drug development. In the current study, we found that
ASIA, a triterpenoid extracted from centella asiatica,
induced mitochondrial oxidative stress and apopto-
sis of LX-2 cells, and exhibited anti-inflammatory
activity, as well as the down-regulated expression of
intracellular inflammatory cytokines, thereby inhibit-

ing HSC activation. Further mechanistic studies have

highlighted the role of the calcium signaling pathway
in the inactivation of HSC induced by ASIA (Fig.7).
Moreover, ASIA treatment eased the liver fibrosis
mice’s symptoms which induced by CCls. Our work
suggest ASIA has tremendous potential as a drug
candidate in the fight against liver fibrosis becomes
increasingly evident.

Centella asiatica, a common herb in southern
China, South Asia and Southeast Asia. it has been
used for centuries to treat a series of complains, in-
cluding skin disorders, wound healing, chronic venous
insufficiency!'*. With the development of medicinal
chemistry, a variety of active components of Centella
asiatica have been isolated and extracted. As the main
active ingredient, ASIA possess anti-inflammatory,
anti-microbiological, anti-oxidant and wound heal-
ing properties!’l. A recent study reported that ASIA
showed cardioprotection against diabetic cardiomy-
opathy by activating AMPK/Nrf2 pathway!'®. XIA et
al'" analyzed the anti-triple-negative breast cancer
effect of ASIA and found that it blocked P2RX7-
mediated TGF-B/SMAD signaling pathway to inhibit
epithelial-mesenchymal transition via motivating
PPARG expression. Emerging research have sug-
gested that the potential role of ASIA in liver disease.
An early study from Wan’s group demonstrated that
ASIA has obviously hepatoprotective effects on liver
injury mice model which induced by lipopolysaccha-
ride/D-galactosamine!'®. In subsequent research, the
same group found that it exerted antipyretic and anti-
inflammatory effects by up-regulating the expression
of heme oxygenase-1 protein in rat treated by LPS!.
Another study revealed that ASIA inhibited the hepa-
titis B virus replication both in vivo and in vitro®".
Several investigations have provided strong evidence
that ASIA played an anti-fibrosis role on multiple or-
gans, such as peritoneal fibrosis!'”, kidney fibrosis?!,
and pulmonary fibrosis'''!. Here, our data showed that
ASIA prevented hepatic stellate cells activation and al-
leviated CCly-induced liver fibrosis. We provide prom-
ising compounds for the treatment of liver fibrosis.

Since there are many kinds of cells in the liver, metal
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nanoparticles provide a new strategy for targeted de-
livery"®?. In follow-up research, we will focus on the
targeting of ASIA to hepatic stellate cells.

Calcium ion (Ca*") is a ubiquitous intracellular
signal in all eukaryotic organisms, capable of regulat-
ing many different processes, including proliferation,
secretion, metabolism, fertilization®. Its influx and
outflow in cells must be through special pumps and
ion channels, which is also one of the necessary condi-
tions for Ca*" to function as a second messenger. Ca*"
signaling are closely linked to the pathogenesis and
recuperation of liver fibrosis®*!. Intracellular Ca*" sig-
nals upregulate the proliferation of HSC™®!. An earlier
study has found that angiotensin II-induced activation
of hepatic stellate cells by CD38-mediated Ca*" signal-
ing"?®. Endothelin and platelet-derived growth factor
that two Ca*" agonist hormones can activate hepatic
stellate cells®. Inhibiting endothelin receptor-A by its
antagonist Ambrisentan or LU 135252 decreases liver
fibrosis in the rodent model®**. PEI et al *” recently
discovered the putative targets for saffron, a medicine
food homology herb, for the treatment of hepatic fi-
brosis is closely related to calcium signaling pathway
through network pharmacology. We demonstrated that
ASIA inhibited calcium signaling in the cytoplasm
by downregulating calm and Fluo-4 AM. The main
sources of intracellular Ca*" are extracellular influx
and intracellular ER storage. Mitochondria are one of
the destinations of cytosolic Ca*". Our results shown
that ASIA promotes mitochondrial calcium overload
in HSC by Rhod-2 probe, and mitochondrial calcium
channel blocker DIDS reversed the ASIA-induced cell
death. It is imperative to understand how ASIA alters
Ca* signaling.

A large body of literature indicates that there are
interactions among calcium signaling, apoptosis, in-
flammation and oxidative stress during the occurrence
and development of fibrosis®***?. Targeted regulation of
any of these signaling pathways is also the mainstream
approach for the fibrosis treatment. The level of calcium
is essential to maintain the mitochondrial function. Acti-

vated calcium signaling pathway induced dysregulation

of calcium homeostasis, which lead to mitochondrial
dysfunction. Mitochondrial pathway is one of the
pathways that mediate apoptosis. The perturbation of
intracellular calcium signaling pathway regulates apop-
tosis**. In seminal work on the NK-1R (neurokinin-1
receptor) produced by Fu’s group, it is stated that NK-
IR antagonists induce mitochondrial calcium overload,
which leads to oxidative stress besides apoptosis in hu-
man leukemia cell®”. WANG et al”®" reported that the
pyrethroid pesticide Fenvalerate prompted calcium ions
overload, induced production of ROS in the mitochon-
dria, eventually lead to the apoptosis of hepatic cellular.
Consistent with these findings, our researchs show that
ASIA induced calcium overload and oxidative stress
in mitochondrial, and HSC apoptosis. In another study,
inhibition of Ca®* signaling improved apoptosis in non-
small cell lung cancer cells induced by Dolutegravir
derivatives™. Besides, mitochondrial calcium overload
exerts excessive mitochondrial ROS generation®”),
Increasing ROS levels also induced apoptosis. Schoen-
fisch and coworkers illustrated that melatonin drives
apoptosis by elevating mitochondrial ROS generated
in cancer cells™. In an interesting work by SONG’s
group, they found that drinking fructose increases level
of oxidative stress, leading to liver inflammation/fibro-
sis?®?, More recently, LI et al'* reported that ferroptosis
inhibitor liproxstatin-1 significantly reduced the mito-
chondrial ROS content and liver fibrosis in metabolic
dysfunction-associated fatty liver disease mice, which
involve regulation of PANoptosis. Others have shown
that glial proteins inhibit inflammatory macrophage
activation to reduce steatosis and oxidative stress in
non-alcoholic steatohepatitis and liver fibrosis mouse
models™!!. Similar to the abovementioned results, our
results also suggest that inhibition of inflammation
contributed to the against fibrosis effect of ASIA. In a
further attempt to determine the mechanisms by which
ASIA exerts its regulation of apoptosis, inflammation

and oxidative stress.

4 Conclusion
Taken together, we demonstrate that ASIA in-
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Fig.7 Mechanistic schematic of Asiaticoside ameliorates hepatic fibrosis

hibits HSCs activation dependent on calcium signal-

ing pathways, which were associated with decreased

cellular ROS, and the induction of apoptosis in HSC,

thus attenuated CCls-induced liver fibrosis. We provide

proof-of-concept that inhibition of calcium signaling

pathways by ASIA or other pharmacologic agents that

inhibited the pathways may be a promising strategy for

anti-fibrosis therapy.
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