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Abstract

NLRP3 inflammasome activation results in severe liver inflammation and injury. Saikosaponin-d (SSd) possesses anti-
inflammatory and hepatoprotective effects. This study aimed to determine the protective effects of SSd on carbon
tetrachloride (CCl,)-induced acute liver injury in mice, and whether oxidative stress and NLRP3 inflammasome activation
participate in the process.

The CCI, mice model and controls were induced. The mice were treated with §5d at I, |.5, or 2.0mg/kg in a total
volume of 100ul/25g of body weight. Liver injury was assessed by histopathology. Oxidative stress was determined
using mitochondrial superoxide production (MSP), malondialdehyde (MDA) content, and superoxide dismutase (SOD),
glutathione peroxidase (GPx), and catalase (CAT) activities. NLRP3, ASC, and Caspase | were determined by real-time
PCR and western blot. IL-1(3 and IL-18 levels were determined by ELISA.

Significantly elevated oxidative stress was induced in the liver by CCl,, as demonstrated by histopathology and increases
of MDA and MSP levels and decreases of SOD, GPx, and CAT activities (all P<<0.01). SSd significantly decreased the
MDA and MSP levels and increased the activities of SOD, GPx, and CAT (all P<0.05). The mRNA expression of NLRP3,
ASC, and Caspase |, and the protein expression of Caspase |-pl0, NLRP3, ASC, IL-If3, and IL-18 were significantly
increased after CCl, induction (all P<<0.01). These changes were reversed by SSd (all P<<0.05).

Suppression of the oxidative stress and NLRP3 inflammasome activation were involved in SSd-alleviated acute liver
injury in CCl,-induced hepatitis.
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Introduction

Sustained and progressive hepatocyte impairment
will lead to chronic inflammation, fibrosis, or even
cirrhosis.! Carbon tetrachloride (CCl,) is a classical
hepatotoxic agent used for the induction of acute
and chronic liver injury in animal models, attributed
to the reactive oxygen species (ROS).? The activa-
tion of NLR family pyrin domain containing
3(NLRP3) inflammasome plays an important role
in the maturation of effector proinflammatory
cytokines.> NLRP3 inflammasome activation is
involved in various liver diseases,* and NLRP3
overexpression results in severe liver inflammation
and fibrosis.? Therefore, CCl,-induced ROS produc-
tion will lead to inflammasome activation and liver
damage. Modern medicine such as corticosteroids,
colchicines, and vaccines have potentially serious
adverse side-effects, limiting their clinical applica-
tion. Therefore, traditional Chinese medicines
should be evaluated because of their natural antioxi-
dants that are related to hepatoprotective properties.’
Saikosaponin-d (SSd) is one of the major active
pharmacological components of Bupleurum falca-
tum L. The effects of SSd include anti-inflammation,
liver protection, anti-oxidation, anti-fibrosis, and
anti-tumor.%® Little research has been done on the
potential mechanisms of the anti-inflammatory and
hepatoprotective effects of SSd, especially on CCl,-
induced acute liver injury in mice. Therefore, this
study aimed to determine the protective effects of
SSd on CCl,-induced acute liver injury in mice, and
whether oxidative stress and NLRP3 inflammasome
activation participate in the process.

Materials and methods
Materials

Forty-nine male ICR mice (7-9weeks old, 23—
28g) were obtained from Shanghai SLAC
Laboratory Animal Co. (Shanghai, China). CCl,,
mito-Tempo (APN17098-1-3), and SSd (purity:
97%) were purchased from Sinopharm (Beijing,
China), Abcam (Cambridge, UK), and China’s
Drug Supervision and Administration (Shanghai,
China), respectively. MitoROS and TRIzol were
obtained from Invitrogen (Carlsbad, CA, USA).
Levels of malondialdehyde (MDA) were meas-
ured using a kit from Nanjing Jiancheng Bioen-
gineering Institute (Nanjing, China). The SOD,
GPx, and CAT activities were determined using the

kits from Winching (Nanjing, China). The mito-
chondria fractionation kit, BCA protein assay kit,
and RIPA buffer were purchased from Beyotime
(Jiangsu, China). The IL-1p and IL-18 ELISA Kkits
were purchased from BD Biosciences (San Diego,
USA). The primer sequences for NLRP3, ASC, and
Caspase 1 were designed based on their cDNA
sequences in GeneBank and synthesized by
Shenggong Biotechnology Company (Shanghai,
China). The PrimeScript RT Master Mix was from
Clontech Laboratories (Mountain View, CA, USA).
Primary antibodies against caspase 1 and B-actin
were from Santa Cruz Biotechnology (Dallas, TX,
USA) and Cell Signaling (Danvers, MA, USA),
respectively. The secondary horseradish peroxidase-
conjugated IgG was from Proteintech Group
(Chicago, IL, USA). The nitrocellulose membranes
and the enhanced chemiluminescence western blot-
ting detection system were from Millipore (Billerica,
MA, USA). The microscopes were from Olympus
(Japan). 7170 automatic biochemistry analyzer was
from Hitachi (Tokyo, Japan). The Varl0Oskan Flash
fluorescence plate reader and Nanodrop 2000 were
purchased from Thermo Fisher Scientific (Waltham,
MA, USA). The StepOnePlus real-time PCR system
was from Applied Biosystems (Foster City, CA,
USA). The scientz-48 homogenizer was from
XinZhi Biotechnology (Ningbo, China). The
ImagePro Plus software was from Media Cybernetics
(Rockville, MD, USA). The GeneTools software
used to quantify the protein bands was from
SynGene (Cambridge, UK), and the SPSS 21.0 soft-
ware for statistical analyses was from IBM (Armonk,
NY, USA).

Ethical statement

All experiments were performed in accordance
with the experimental animal guidelines issued by
the Animal Care and Use Committee at the Shanghai
University of Traditional Chinese Medicine. This
study was approved by the Ethics Committee of the
Experimental Animals of Shanghai Municipal
Hospital of Traditional Chinese Medicine.

Mouse model of CCl -induced acute liver injury
and SSd treatment

According to a previous study,’” the animals were
randomly assigned to 7 groups (n=7): control,
0.2mg/kg SSd, CCL4, CCL4+1.0mg/kg SSd,
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CCL4+1.5mg/kg SSd, CCL4+2.0mg/kg SSd,
mito TEMPO . They were housed under controlled
temperature and a natural day/night cycle and with
free access to food and water.

After 1 week of adaptive feeding, the mice were
administered a single intraperitoneal dose of 5%
CCl, at 0.25ml/kg in a total volume of 100 pl/25 g
of body weight, as previously described.!® Control
mice were injected intraperitoneally with olive oil.
Positive control mice were injected with mito-
Tempo at 3mg/kg.

SSd pretreatment was performed at 24 and 0.5h
before CCl, injection. SSd was first dissolved in
DMSO (20mg/mL) and then diluted with normal
saline. The SSd-treated mice were injected intra-
peritoneally with SSd solution at 1, 1.5, or 2.0 mg/
kg in a total volume of 100 pul/25 g of body weight.
The control and CCl, groups received an identical
volume of normal saline. After the intraperitoneal
administration of CCl, for 24 h, the mice were sac-
rificed by cervical spine dislocation. Liver tissues
and blood samples were obtained.

Liver function and histological analysis

The left upper liver tissues were fixed in buffered
10% formalin and then processed for standard
(4-um) paraffin sections, stained with hematoxylin
and eosin (H&E), and examined under a micro-
scope to evaluate liver injury. Necrosis areas (%)
were calculated using ImagePro Plus.

Serum levels of alanine transaminase (ALT),
aspartate transaminase (AST), and lactate dehy-
drogenase (LDH) were measured by routine labo-
ratory methods using a biochemistry analyzer.

Malondialdehyde levels

Levels of MDA, an index of membrane lipid per-
oxidation, were determined,!! according to the
manufacturer’s instruction. Liver tissues were
homogenized (100 mg/ml) in 10 volumes of 1.15%
KCI solution containing 0.85% NaCl and then
centrifuged at 1500 Xg for 15 min. The homogen-
ates (200 ul) were added to a reaction mixture con-
sisting of 1.5 ml of 0.8% thiobarbituric acid, 200 pul
of 8.1% sodium dodecyl sulfate, 1.5ml of 20%
acetic acid (adjusted to pH 3.5 with NaOH), and
600 pl of distilled H,O. The mixture was heated at
95°C for 40 min. After cooling to room tempera-
ture, the samples were cleared by centrifugation

(10,000 Xg, 10min) and the supernatant absorb-
ance was measured at 532nm, using 1,1,3,3-
tetramethoxypropane as an external standard. The
level of lipid peroxides was expressed as nmol
MDA/mg protein. The protein quantification was
completed by the Bradford assay.

SOD, CPx, and CAT activities

Liver tissues were homogenized in cold saline.
Homogenates were centrifuged at 1000 Xg for
10min. The SOD, GPx, and CAT activities in liver
tissues were determined according to the kit manu-
facturer’s instructions, as described previously.!!
The mean intra-assay coefficients of variation for
SOD, GPx, and CAT were 1.7%, 3.6%, and 1.9%,
respectively. The mean inter-assay coefficients of
variation for SOD, GPx, and CAT were 3.5%,
6.8%, and 4.9%, respectively.

Measurement of mitochondrial superoxide
production

The isolation of mitochondria was performed using
a mitochondria fractionation kit, according to the
manufacturer’s instructions. Mitochondrial super-
oxide production was measured by a fluorescence
microplate reader following staining with the
MitoROS Red mitochondrial superoxide indicator.”
Isolated mitochondria derived from fresh mouse
liver were incubated in a final concentration of 5 uM
MitoROS dissolved in DMSO at 37°C in the dark
for 30min. Red MitoROS fluorescence was read at
510nm excitation and 580nm emission using a
Varl0skan Flash fluorescence plate reader. The cells
were also photographed using a fluorescence micro-
scope. Mitochondrial protein concentrations were
assessed using a BCA Protein Assay Kit.

Real-time RT-PCR

Total RNA from liver tissues was extracted by
TRIzol. RNA purity was determined using absorb-
ance at 260 and 280nm (A260/280) using a Thermo
Nanodrop 2000. RNA (4 ng) was reverse transcribed
to cDNAs using PrimeScript RT Master Mix, accord-
ing to the manufacturer’s instruction. To determine
the mRNA level of each gene, real-time PCR was
performed using the SYBR Green Master Mix in a
StepOnePlus real-time PCR system for 45 cycles of
denaturation at 95°C for 20s, annealing at 60°C for
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20s, and extension at 72°C for 20s. Reaction was
performed in duplicate for each sample. -actin was
used as an internal control. The expression levels of
NLRP3, ASC, and Caspase 1 were calculated using
the 2722t method. The primer sequences for NLRP3,
ASC, and Caspase 1 were: NLRP3 forward 5'-ACC
AGC CAG AGT GGA ATG AC-3' and reverse 5'-
ATG GAG ATG CGG GAG AGA TA-3'; ASC for-
ward 5-CTT GTC AGG GGA TGA ACT CAA
AA-3" and reverse 5'-GCC ATA CGA CTC CAG
ATA GTA GC-3'; Caspase 1 forward 5-GTA TTC
referACG CCC TGT TGG A-3" and reverse 5'-GCT
TCC TCT TTG CCC TCA-3'; and B-actin forward
5-CTG TAT GCCTCT GGT CGT AC-3' and reverse
5'-TGA TGT CAC GCACGATTT CC-3".

Western blot

Liver tissues were harvested and homogenized in
cold RIPA buffer automatically. The lysates were
centrifuged at 12,000 Xg for 15 min at 4°C. Protein
concentrations in the supernatants were assessed
using a BCA Protein Assay Kit. Proteins (50 ug)
were separated by 10% SDS-PAGE and transferred
to nitrocellulose membranes. Membranes were
blocked in Tris-buffered saline containing 0.1%
Tween-20 (TBST) and 5% skimmed milk powder
(wt/vol) for 2h at room temperature. Immunoblots
were incubated with primary antibodies against
caspase 1 (1:500) and B-actin (1:1000) at 4°C over-
night. After three washes with TBST, the mem-
branes were incubated with a secondary horseradish
peroxidase-conjugated IgG (1:2000) for 1h at
room temperature and washed for 30min with
TBST. Immunoreactive proteins were visualized
using the enhanced chemiluminescence western
blotting detection system. The signal from the
membranes was quantified by a GeneGnome HR
scanner using the GeneTools software. The expres-
sion levels were normalized to B-actin.

ELISA

Hepatic tissue homogenates were collected and
centrifuged at 1000 Xg for 10min. The levels of
IL-1B and IL-18 in liver tissues were determined
using ELISA kits according to the manufacturer’s
protocol.

Statistical analysis

All statistical analyses were conducted using SPSS
21.0. Data were expressed as means * standard

errors of the mean (SEM). Statistical significance
was estimated by one-way analysis of variance
(ANOVA) followed by the Student-Newman-
Keuls post hoc test. Two-sided P-values <0.05
were considered statistically significant.

Results
S$8d alleviates CCl -induced acute liver injury

As shown in Figure 1(a), histologically, an increase
in damaged hepatocytes at the centrilobular zones
and influx of inflammatory cells were observed in
the CCl, group, while the control group showed
normal hepatic tissue without massive cell necrosis
and loss of hepatocyte architecture around the
blood vessels. The CCl, mice showed an increased
necrosis area compared with control mice
(P <<0.01). The mice treated with SSd showed alle-
viated CCl,-induced liver injury and necrosis at
concentrations from 1 to 2mg/kg (all P<0.05),
suggesting a protective effect of SSd on the liver
(Figure 1(b)). The positive controls treated with
mito-Tempo showed alleviated CCl,-induced dam-
age consistent with the high-dose SSd group.

Serum levels of ALT (Figure 1(c)), AST (Figure
1(d)), and LDH (Figure 1(e)) were significantly
increased in CCl,-induced acute liver injury (all
P <0.01). Liver function was improved by SSd
treatment in a dose-dependent manner, as evi-
denced by the decreases of ALT (1.5 and 2.0 mg/
kg, P<0.01), AST (all doses, P <0.05), and LDH
levels (1.5 and 2.0mg/kg, P <0.01). Mito-Tempo
had similar effects to those of 2.0 mg/kg SSd.

SSd improves CCl -induced oxidative stress in
the liver

CCl,-induced live injury is often defined as an oxi-
dative hepatocytes damage, which can be assessed
using MDA, activities of SOD, GPx, and CAT, and
levels of mitochondrial ROS. As shown in Figure
2(a—e), a significantly elevated oxidative stress in
the liver was induced by intraperitoneal adminis-
tration of CCl,, as demonstrated by increases of
MDA and MSP levels and decreases of SOD, GPx,
and CAT activities (P <0.01). SSd alleviated CCl,-
induced oxidative stress in the liver. SSd signifi-
cantly decreased the MDA (1.5 and 2.0mg/kg,
P<0.01) and MSP (1.5 and 2.0mg/kg, P<0.05)
levels and increased the activities of SOD (1.5 and
2.0mg/kg, P<0.01), GPx (2.0mg/kg, P<0.05),
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Figure |. Effects of saikosaponin-d (SSd) or mito-Tempo (positive control) on CCl,-induced histopathological damage and
hepatic dysfunction. Mice were injected intraperitoneally with the indicated concentrations of SSd or mito-Tempo at 24 and 0.5h
before CClI, injection. Livers and serums were harvested after intraperitoneal administration of CCl, for 24h. (a) Representative
micrographs of liver sections stained by hematoxylin and eosin (magnification X 100). The yellow areas indicate the necrotic area
(arrows). (b) Necrosis areas (%) were calculated by ImagePro Plus. Serum levels of alanine transaminase (ALT) (c), aspartate
transaminase (AST) (d), and lactate dehydrogenase (LDH) (e) were measured by routine laboratory methods. Data are expressed

as means * standard error of mean (SEM) (n=7/group). **P << 0.0l versus the control group. #P <0.05, ##P <0.01 versus the
CCl, group.
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Figure 2. Effect of saikosaponin-d (SSd) or mito-Tempo (positive control) on CCl,-induced oxidative stress in the liver. Mice were
injected intraperitoneally with the indicated concentrations of SSd or mito-Tempo at 24 and 0.5 h before CClI, injection. Livers and
serums were harvested after intraperitoneal administration of CCl, for 24 h. Liver malondialdehyde (MDA) level (a), superoxide
dismutase (SOD) activity (b), glutathione peroxidase (GPx) activity (c), and catalase (CAT) activity (d). Mitochondria were isolated
from the liver and used for the determination of mitochondrial superoxide production (MSP) levels (e). Data are expressed as
means * SEM (n=7/group). **P<<0.01 versus the control group. #P <0.05, ##P<0.01 versus the CCl, group.

and CAT (2.0mg/kg, P<<0.05). The positive con-
trol mito-Tempo had effects similar to those of
2.0mg/kg SSd.

S$8d alleviated CCl -induced activation of the
NLRP3 inflammasome in the liver

The activation of the NLRP3 inflammasome plays
an important role in the pathogenesis of acute liver
injury. ASC and Caspase 1 play roles in inflamma-
tion and response to oxidative stress. IL-13 and
IL-18 are pro-inflammatory cytokines. As shown in
Figure 3, the mRNA expression of NLRP3 (Figure
3(a)), ASC (Figure 3(b)), and Caspase 1 (Figure
3(c)), together with the protein expression of
Caspase 1-p10 (Figure 3(d)), IL-1p (Figure 3(e)),
and IL-18 (Figure 3(f)) were significantly increased
after CCl, induction (all P<<0.01). The protein
expression of pro-Caspase 1 remained unchanged.

SSd treatment decreased CCl,-induced NLRP3
(1.0-2.0mg/kg, P<0.05) (Figure 3(a)), ASC expres-
sion (1.5 and 2.0mg/kg, P<0.01) (Figure 3(b)), and
Caspase 1 (1.0-2.0mg/kg, P<0.05) (Figure 3(c)) in
the liver. Protein levels of ASC, Caspase 1-pl0,
Caspase 1, and NLRP3 showed the same trends as
the mRNA levels (Figure 3(d)). SSd also decreased
the IL-1B (1.5 and 2.0mg/kg, P <0.01) (Figure 3(¢e))
and IL-18 (1.5 and 2.0mg/kg, P <0.01) (Figure 3(f))
levels in the liver tissue. Again, the positive control
mito-Tempo had effects similar to those of 2.0 mg/kg
SSd, supporting the beneficial effects of SSd on
CCl,-induced hepatic injury.

$5d alleviated mitochondrial ROS production

Figure 4 shows that the hepatocytes from mice
treated with CCI, showed higher levels of mito-
chondrial ROS production. This production was
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Figure 3. Effects of saikosaponin-d (SSd) or mito-Tempo (positive control) on CCl,-induced NLRP3 inflammasome activation in
the liver. Mice were injected intraperitoneally with the indicated concentrations of SSd or mito-Tempo at 24 and 0.5 h before CClI,
injection. Livers and serums were harvested after intraperitoneal administration of CCl, for 24h. The mRNA expressions of NLRP3
(a), ASC (b), and Caspase | (c) were determined by real-time RT-PCR. (d) The protein expressions of NLRP3, ASC, Caspase |

pl0, and pro-Caspase | were determined by western bolt. Data are expressed as means = SEM (n=7/group). The content of ILIf3
(e) and IL-18 (f) were examined by ELISA. Data are expressed as means = SEM (n=6/group). **P<<0.01 versus the control group.

#P <0.05, ##P < 0.01 versus the CCl, group.

decreased in a dose-dependent manner by SSd, as
well as by the mito-Tempo positive control.

Discussion

NLRP3 inflammasome activation results in severe
liver inflammation and injury.'> SSd possesses
anti-inflammation and hepatoprotective effects.®’
Nevertheless, the effect of SSd on NLRP3 is poorly
known. Therefore, this study aimed to determine

the protective effects of SSd on CCl,-induced acute
liver injury in mice, and whether oxidative stress
and NLRP3 inflammasome activation participate
in the process. The results suggest that SSd could
alleviate CCl -induced acute liver injury through
suppression of the oxidative stress and NLRP3
inflammasome activation.

SSd has been found to alleviate CCl,-induced
hepatocyte injury by inhibiting lipid peroxidation.’
Nevertheless, the downstream molecular mechanism
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Figure 4. Measurement of mitochondrial superoxide production using fluorescence microscopy after treatment with
saikosaponin-d (SSd) or mito-Tempo (positive control) on CCl,-induced liver damage in mice. Mice were injected intraperitoneally
with the indicated concentrations of SSd or mito-Tempo at 24 and 0.5h before CCl, injection. Livers and serums were harvested
after intraperitoneal administration of CCl, for 24 h. Fluorescence microscopy of hepatocytes stained with 5 uM MitoROS and
DAPI. MitoROS specifically stain the production of mitochondrial reactive oxygen species.

is still mostly unknown. In the present study, the
mice treated with SSd showed extensively alleviated
CCl,-induced liver injury and necrosis, and improved
liver function at concentrations from 1 to 2mg/kg,
suggesting a protective effect of SSd on the liver.
Although it was already known that SSd has hepato-
protective effects,>® some studies also suggested
that it could promote liver damage. Indeed, Chen
et al.!® indicated that SSd induced hepatotoxicity via
stimulating mitochondrial apoptosis by interrupting
the PDGF-BR/p38 pathway in LO2 hepatocytes.
Moreover, Zhang et al.'* showed that a 1-week treat-
ment with SSd at 300mg/kg induced hepatocyte
apoptotic death in mice. Nevertheless, it seems that
only a large dose of SSd will lead to the induction of
hepatotoxicity, while exhibiting a significant hepato-
protective activity at lower concentrations. As previ-
ously reported, SSd at 2mg/kg protects mice from
APAP-induced hepatotoxicity mainly through down-
regulating NF-kB- and STAT3-mediated inflamma-
tory signaling.® Meanwhile, the maximum concen-
tration of SSd (2mg/kg) used in the present experi-
ment did not exert any hepatotoxic reaction.
Oxidative stress is regarded as a critical factor in
causing a variety of liver diseases.'*'> CCl,, a well-
known hepatotoxin, is commonly used in murine
models to investigate acute or chronic liver injury.'¢

This type of liver injury is characterized by typical
centrilobular necrosis and remarkable increase of
serum transaminases in the presence of increased
lipid peroxidation and impairment of antioxidant
defense.!'® The degradation of cellular membrane is
accelerated in the presence of redundant free radi-
cals, and subsequently lead to the breakdown of
cell integrity and the release of ALT, AST, and
LDH into blood circulation. In the present study,
hepatic oxidative stress induced by CCl, was mon-
itored using MDA, SOD, GPx, and CAT. The
increase of MDA, an end product of lipid peroxi-
dation, has been accepted as a key biomarker in
liver injury.!” SOD, GPx, and CAT are important
antioxidant enzymes that can block the chain of
lipid peroxidation.!® The present study showed a
significantly elevated oxidative stress in CCl,-
induced acute liver injury. Furthermore, a severe
increase of damaged hepatocytes at the centrilobu-
lar zones and the serum level of ALT, AST, and
LDH were observed, as supported by previous
studies.!” Importantly, all these detrimental changes
were alleviated by SSd in a dose-dependent man-
ner, as supported by previous studies.”!4

The activation of NLRP3 inflammasome leads
to the maturation of effector proinflammatory
cytokines such as pro-IL-1pB and pro-IL-18.2 IL-1B
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and IL-18 play important roles in the progression of
fulminant liver failure and are useful indicators of
hepatic injury.!” The activation of NLRP3 inflam-
masome can be observed in various liver diseases,
such as NASH, ASH, hepatic I/R and drug-induced
liver injury,?>?3 and is required for the development
of hepatic fibrosis.?* Contradictorily, by using a
NLRP3-/- mice model, DeSantis et al.** showed
that the NLRP3-/- mouse had more severe liver
injury with higher serum ALT levels, increased
activation of IL-18, and reduced activation of
IL-1PB, suggesting a protective role of NLRP3
inflammasome during alcohol-induced liver injury.
The possible explanation for the discrepancy is due
to different pathogenic mechanism. Indeed, the
NLRP3 inflammasome impacts microbiota in the
gut, which may in turn modulate the development
of alcohol-induced liver injury. NLRP3-/- mice
may have incremental leakage of LPS from the gut,
probably attributed to altered microbiota that would
impact the degree of liver injury. In the present
study, NLRP3 inflammasome activation was a pro-
moting factor in CCl,-induced acute liver injury,
which was in accordance with some other models
of acute liver injury.'? SSd attenuated the activation
of the NLRP3 inflammasome.

It has been reported that ROS are involved in
the regulation of NLRP3 inflammasome activa-
tion, and scavenging of ROS can block its activa-
tion in response to a wide variety of stimuli.'?
Recently, it has been demonstrated in a variety of
animal and cell models,” %’ that mitochondrial
ROS is the key upstream factor in the activation
of NLRP3 inflammasome.?® Thus, it could be
hypothesized that mtROS-induced NLRP3
inflammasome activation may be playing an
important role in CCl-induced acute liver injury.
The anti-oxidative effects of SSd are supported
by similar effects being observed with mito-
Tempo, a potent anti-oxidative compound that
protects hepatocytes against mitochondrial ROS
overproduction.?’

In conclusion, the hepatoprotective and anti-
inflammatory effects of SSd may be attributed to
the suppression of the NLRP3 inflammasome acti-
vation and ROS production, but the present study
was not designed to examine whether the decreased
ROS production was a cause or a consequence of
suppressed inflammasome. Furthermore, we also
did not detect pyroptosis caused by NLRP3
inflammasome activation in CCl4-induced acute

liver injury, and whether the hepatoprotective
effect of SSd was related to inhibition of hepato-
cytes pyroptosis was remained to demonstrate.
The present results provide new evidence for using
SSd and to establish an experimental basis for the
development of new drugs for the treatment of
acute liver injury. In addition, our previous study
reported that SSd was a new kind of phytoestro-
gen, which could suppress the proliferation and
activation of hepatic stellate cells through modula-
tion of estrogen receptor B.3%3! Therefore further
studies are still needed to explore the specific
action mechanisms of SSd.

Conclusion

Suppression of the oxidative stress and NLRP3
inflammasome activation were involved in SSd-
alleviated acute liver injury in CCl,-induced
hepatitis.
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