J Toxicol Pathol 2017; 30: 291-306

Original Article

Ethanol extracts collected from the Styela clava tunic alleviate
hepatic injury induced by carbon tetrachloride (CCl,) through
inhibition of hepatic apoptosis, inflammation, and fibrosis
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Abstract: The Styela clava tunic (SCT) is known as a good raw material for preparing anti-inflammatory compounds, wound healing
films, guided bone regeneration, and food additives. To investigate whether ethanol extracts of the SCT (EtSCT) could protect against
hepatic injury induced by carbon tetrachloride (CCl,) in ICR mice, alterations in serum biochemical indicators, histopathology, he-
patic apoptosis, inflammation, and fibrosis were observed in ICR mice pretreated with EtSCT for 5 days before CCl, injection. EtSCT
contained 15.6 mg/g of flavonoid and 37.5 mg/g phenolic contents with high 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging
activity (93.3%) and metal chelation activity (46.5%). The EtSCT+CCl,-treated groups showed decreased levels of ALT, LDH, and
AST, indicating toxicity and a necrotic area in the liver, while the level of ALP remained constant. The formation of active caspase-3
and enhancement of Bax/Bcl-2 expression was effectively inhibited in the EtSCT+CCl,-treated groups. Furthermore, the levels of
pro- and anti-inflammatory cytokines and the phosphorylation of p38 in the TNF-a downstream signaling pathway rapidly recovered
in the EtSCT+CCl,-treated groups. The EtSCT+CCl,-treated groups showed a significant decrease in hepatic fibrosis markers in-
cluding collagen accumulation, MMP-2 expression, TGF-B1 concentration, and phosphorylation of Smad2/3. Moreover, a significant
decline in malondialdehyde (MDA) concentration and enhancement of superoxide dismutase (SOD) expression were observed in the
EtSCT+CCl,-treated groups. Taken together, these results indicate that EtSCT can protect against hepatic injury induced by CCl,-
derived reactive intermediates through the suppression of hepatic apoptosis, inflammation, and fibrosis. (DOI: 10.1293/tox.2017-0021;

J Toxicol Pathol 2017; 30: 291-306)
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Introduction

Hepatic fibrosis and inflammation are key factors pro-
moting liver disease and subsequently leading to cirrhosis
and hepatocellular carcinoma via regulation of cytokine
secretion and recruitment of related cells!: 2. Hepatic fibro-
sis, the accumulation of extracellular matrix or scars, is a
wound healing response to acute or chronic liver injury in-
duced by various disease conditions including viral, auto-
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immune, drug-induced, cholestatic, and metabolic diseases.
This condition ultimately leads to cirrhosis3. The end-stage
consequence of fibrosis was found to be altered hepatic
function and blood flow via nodule formation3. Moreover,
most patients with compensated cirrhosis often progress to
hepatocellular carcinoma4. Hepatic inflammation is a key
regulator of the progression of hepatic fibrosis to cirrhosis
and hepatocellular carcinoma through regulation of various
signaling pathways>: 6. Therefore, the suppression of hepatic
fibrosis and inflammation is important to prevent the occur-
rence of hepatocellular carcinoma and liver cirrhosis.

Many natural products have recently received atten-
tion as hepatoprotective sources with antioxidant activity
because they can successfully overcome some limitations,
including the large-scale procurement of sufficient source
materials for bulk production, the potency and inherent tox-
icity of many natural products, and the development of suit-
able vehicles and dosing schedules for the administration
of new drugs to clinical patients’. Among these products,


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

292 Hepatoprotective Effects of Styela Clava Tunic Extracts

we focused on the protective effects of the Styela clava tu-
nic (SCT) as part of studies evaluating the possibility of use
of novel bioactive materials and providing solutions for the
problems associated with SCT waste$. . To date, the SCT
has been extensively applied to purification of natural poly-
mers and bioactive compounds for the treatment of inflam-
mation, oxidative stress, and surgical wounds. A cellulose
complex derived from the SCT showed good healing effects
on surgical wounds and bone defects in animals. Cellulose
films (CFs) prepared using N-methylmorpholine-N-oxide
(NMMO)/H,0 (87/13 wt%) did not induce epidermal hy-
perplasia, inflammatory cell infiltration, redness, or edema
after application to surgical wounds for 2 weeks!0. IL. In ad-
dition, SD rats with surgical wounds treated with a hydro-
colloid membrane containing SCT (HCM-SCT) showed
significantly faster reepithelialization, decreased epidermis
thickness, shorter wound diameter, and increased colla-
gen!2, Bioactive effects on bone and mesenchymal tissues
were also observed in the periosteum of cervical bone de-
fects of SD rats treated with a cellulose membrane (CM)
obtained from Ascidians (squirt) skin!3.

Several bioactive compounds and extracts collected
from the SCT by extraction with different solvents have also
been found to have biological activity in cells and animals.
TNF-a-induced NF-«B activation and the expression of two
inflammatory factors (VCAM-1 and iNOS) were effectively
suppressed by chondroitin sulfate extracted from the SCT
in JB6 P~ cells derived from BALB/c mice!4. Moreover, ca-
rotenoids detected at high levels in the SCT showed strong
hydroxyl radical scavenging activities, reducing power, and
inhibitory effects against linoleic acid peroxidation!s. High
levels of tyrosinase inhibition and antioxidant activity were
also induced by nine extracts collected from the SCT using
different solvents, as because they have high total phenolic
and flavonoid contents®. However, the protective effects and
their mechanisms against hepatotoxicity induced by oxida-
tive stress after toxic chemical treatment have not yet been
investigated in animal models, although extracts obtained
from the tunic of other species within the subphylum Uro-
chordata have been shown to have significant hepatoprotec-
tive effects.

Therefore, in this study, we investigated the protec-
tive effects of ethanol extracts of the SCT (EtSCT) against
mouse hepatic injury induced by CCl, treatment. The re-
sults presented herein provide the first evidence that EtSCT
can protect against the enhancement of serum biochemical
markers of liver toxicity, histopathology, apoptosis, inflam-
mation, and fibrosis that occurs after CCl, treatment through
suppression of reactive intermediates and upregulation of
antioxidant enzymes.

Materials and Methods
Collection of SCTs and preparation of EtSCT

SCT powder was prepared as previously described!6,
and voucher specimens of SCTs (WPC-14-002) were depos-

ited in the functional materials bank of the Pusan National
University (PNU)-Wellbeing Regional Innovation System
(WRIS) Center. Briefly, dry samples of SCT (330 g) were
boiled in 10% NaOH aqueous solution (9,900 ml) at 100°C
for 2 h to remove sediments and debris after harvesting from
a beach along of the South Sea in Gosung-gun, Republic of
Korea. After washing, samples were further boiled in 5%
CH;COOH solution at 100°C for 2 h to neutralize the NaOH
solution and then washed with distilled water three times.
The SCTs were subsequently bleached by separate boiling
and washing in 10% H,0, solution. After a final wash with
distilled water, samples were dried at 100—120°C for 2-3 h
and then ground in a pin mill machine (Dachwa, Republic
of Korea) using a proprietary commercial process in which
they were passed through a combination of 30 mesh sieves
over the course of 10 min one time and then through a com-
bination of 120 mesh sieves over the course of 10 min twice.

EtSCT were prepared from SCT powder according
to methods established in our laboratory®. Briefly, ethanol
extracts were purified from 100 g of SCT powder over the
course of 3 h at 80°C using circulating extraction equipment
(IKA-Werke GmbH & Co. KG, Staufen im Breisgau, Ger-
many) after adding 1,000 ml of 100% ethanol. After repeat-
ing this process three times, the extracts were concentrated
into dry pellets in a rotary evaporator (EYELA, Tokyo,
Japan) following filtration through filter paper (Whatman
No. 1, 100-125, Whatman International Ltd., Maidstone,
England). Finally, EtSCT were stored at —80°C until further
use (Fig. 1A).

Measurement of total phenolic and flavonoid contents

To measure the total phenolic contents, we used the
Folin-Ciocalteu method with slight modification!”. Briefly,
1 ml of EtSCT solution was mixed with 5 ml of Folin-Ci-
ocalteu reagent (Sigma-Aldrich Corporation, St. Louis,
MO, USA) and then incubated at room temperature for 5
min. The mixture was subsequently added to 15 ml of 20%
Na,CO; and vortexed for 30 sec, after which the absorbance
was repeatedly measured at 765 nm using a VersaMax plate
reader (Molecular Devices, Sunnyvale, CA, USA). A stan-
dard calibration curve was made using different concentra-
tions of gallic acid (Sigma-Aldrich Corporation), and the
concentration of total phenolic contents in EtSCT was pre-
sented as mg gallic acid equivalent of extract.

Flavonoid contents were measured as previously de-
scribed!8. Briefly, several different concentrations of EtSCT
(200 pl) were mixed with 60 pl of 5% NaNO, (Sigma-Al-
drich Corporation) and 60 pl of 10% AICl; (Sigma-Aldrich
Corporation). Following incubation at 25°C for 5 min, the
mixture was added to 400 pl of 1 M NaOH, and the absor-
bance was repeatedly measured at 510 nm using a Versa-
Max plate reader (Molecular Devices). A standard calibra-
tion curve was then made using different concentrations of
catechin (Sigma-Aldrich Corporation). The final concentra-
tion of flavonoid contents in EtSCT was presented as mg
catechin equivalent of extract.
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Fig. 1. Preparation of EtSCT and alteration of body weight of ICR
mice treated with EtSCT. (A) EtSCT was prepared by serial
processing consisting of bleaching, neutralizing, milling, and
extraction as described in the Materials and Methods. (B) The
body weights of subset groups were measured throughout the
experimental period. The data shown represent the means +
SD of three replicates.

Analysis of antioxidant activity

The scavenging activity of DPPH radicals was mea-
sured as previously described!®. Briefly, each sample (250
pl) of EtSCT was mixed with 500 pL of 0.2 mM DPPH
(Sigma-Aldrich Corporation) in 95% ethanol solution or 100
pL of 95% ethanol solution and then incubated for 30 min
at room temperature. Next, the absorbance of the reaction
mixture was measured at 517 nm using a VersaMax plate

reader (Molecular Devices). The DPPH radical scavenging
activity of the EtSCT was expressed as the percent decrease
in absorbance relative to the control.

The reducing power of EtSCT was determined as pre-
viously described?0. Briefly, an appropriate volume (250 pl)
of EtSCT solution was mixed with 250 pl of 0.2 M sodium
phosphate buffer (pH 6.6) and 250 ul of 1% potassium fer-
ricyanide and then incubated at 50°C for 20 min. Following
centrifugation at 1,000 x g for 10 min, the supernatant was
collected (250 pl) and mixed with 50 pl of distilled water
and 50 pl of 0.1% ferric chloride and it was then incubated at
room temperature for 10 min. Finally, the absorbance of the
reaction mixture was measured at 700 nm using a VersaMax
plate reader (Molecular Devices). The reducing power was
reported as the percentage increase in rate of absorbance of
the EtSCT-treated group relative to the absorbance level of a
DMSO-treated group.

The scavenging activity of nitric oxide (NO) was mea-
sured as previously described?!. Briefly, each sample of
EtSCT (500 pul) was mixed with 500 pL of 10 mM sodium
nitroprusside (Sigma-Aldrich Corporation) and then incu-
bated at 25°C for 150 min. This mixture was subsequently
added to 500 pl of 1% sulfanilamide solution and 500 pul of
0.1% N-(1-naphthyl) ethylenediamine dihydrochloride so-
lution and incubated at room temperature for 10 min. The
absorbance of the reaction mixture was subsequently mea-
sured at 546 nm using a VersaMax plate reader (Molecular
Devices). The NO scavenging activity of the EtSCT was ex-
pressed as the percentage absorbance relative to a control
treated with dimethyl sulfoxide (DMSO, Daejung Chemi-
cals & Metals Co., Ltd, Siheung, Republic of Korea).

The metal chelation activity of EtSCT was measured
as previously described® 22. Briefly, each sample of EtSCT
(1 ml) was mixed with 100 pL of 5 mM ferrous chloride
(Sigma-Aldrich Corporation) and 200 pL of 5 mM ferrozine
(Sigma-Aldrich Corporation). Following incubation at 25°C
for 10 min, the absorbance of the reaction mixture was mea-
sured at 546 nm using a VersaMax plate reader (Molecular
Devices). Finally, the metal chelation activity of the EtSCT
was expressed as the percentage absorbance relative to a
control treated with DMSO (Daejung Chemicals & Metals
Co.).

SOD-like activity was measured as previously de-
scribed?3. Briefly, 200 uL of EtSCT sample was mixed with
3 mL of 50 mM Tris-HCl and 200 pL of 7.2 mM pyrogallol
(Sigma-Aldrich Corporation) and then incubated at 25°C for
10 min. The absorbance of the reaction mixture was subse-
quently measured at 546 nm using a VersaMax plate reader
(Molecular Devices). Furthermore, the SOD-like activity of
the EtSCT was expressed as the percentage absorbance rela-
tive to a control treated with DMSO (Daejung Chemicals &
Metals Co.).

Animal experiment

The animal protocols applied in our study were re-
viewed and approved by the Pusan National University
Institutional Animal Care and Use Committee (PNU-
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IACUC; Approval Number: PNU-2014-0594). All mice
were handled in the Pusan National University Laboratory
Animal Resources Center, which is accredited by the Ko-
rea Food and Drug Administration (FDA; Accredited Unit
Number: 000231) and AAALAC International (Accredited
Unit Number: 001525). Ten-week-old male ICR mice were
purchased from Samtako BioKorea Co. (Osan, Republic of
Korea) and provided with ad libitum access to water and a
standard irradiated chow diet (Samtako BioKorea Co.) con-
sisting of moisture (12.5%), crude protein (25.43%), crude
fat (6.06%), crude fiber (3.9%), crude ash (5.31%), calcium
(1.14%), and phosphorus (0.99%) throughout the feeding
study. During the experiment, mice were maintained in a
specific pathogen-free state under a strict light cycle (lights
on at 08:00 h and off at 20:00 h) at 23 + 2°C and 50 + 10%
relative humidity.

Total ICR mice (28 mice) were divided into the fol-
lowing four groups (n=7 per group): a non-treated group,
Vehicle+CCl,-treated group, low concentration of EtSCT
(LEtSCT)+CCl, treated-group, and high concentration of
EtSCT (HEtSCT)+CCl,-treated group. The first group did
not receive any solution throughout the study period, while
the second group repeatedly received a constant volume
of desterilized water. The other two groups were treated
with 50 mg (LEtSCT+CCl,-treated group) and 100 mg
(HEtSCT+CCl,-treated group) of EtSCT per kg of body
weight/day during the same period because these doses
did not induce any significance toxicity in ICR mice?4. The
EtSCT was diluted in distilled water and administered via
oral gavage for 5 days. After 5 days, the non-treated group
was administered a constant volume of olive oil via intra-
peritoneal (i.p.) injection as a control, while the other three
groups were given a single i.p. with a single dose of CCl,
(0.6 ml/kg body weight diluted 1:10 in olive oil). At 24 hours
after CCl, injection, the mice in each group were euthanized
using a chamber filled with CO, gas, after which blood and
organs were collected for further analysis.

Measurement of body and organ weight

The body weight of ICR mice was measured using an
electronic balance (Mettler Toledo, Greifensee, Switzer-
land) every day during the experimental period according
to the KFDA guidelines. In addition, the weights of six or-
gans (liver, kidney, spleen, thymus, heart, and lung) collect-
ed from the sacrificed ICR mice were determined using the
same method employed to measure the body weight.

Serum biochemistry

After the final injection of CCl,, all ICR mice in each
group were fasted for 8 hr, after which blood was collected
from the abdominal veins and incubated for 30 min at room
temperature. Whole blood was then centrifuged at 1,500 x
g for 15 min to obtain the serum, after which biochemical
components including alkaline phosphatase (ALP), alanine
aminotransferase (ALT), aspartate aminotransferase (AST),
and lactate dehydrogenase (LDH) were assayed using an
automatic serum analyzer (Hitachi 747, Hitachi, Tokyo, Ja-

pan). All assays employed fresh serum and were conducted
in duplicate.

Histological analysis

Liver tissue was dissected from mice and fixed in 4%
neutral buffered formaldehyde (pH 6.8) overnight, after
which each liver was dehydrated and embedded in paraffin.
Next, a series of liver sections (4 pm) was cut from paraffin-
embedded tissue using a Leica microtome (Leica Microsys-
tems, Bannockburn, IL, USA). These sections were then de-
paraffinized with xylene, rehydrated with ethanol at a graded
decreasing concentration of 100-70%, and finally washed
with distilled water. The slides of liver sections were stained
with hematoxylin & eosin (Sigma-Aldrich Corporation) and
then washed with dH,O, after which the necrotic area was
measured in 1 mm? of each liver section using the Leica
Application Suite (Leica Microsystems, Wetzlar, Germany).

Immunohistochemical analysis

Immunohistochemical analysis for the detection of col-
lagen distribution using light microscopy was performed as
previously described?s. Briefly, liver tissue samples were
fixed in 5% formalin for 12 h, embedded in paraffin and then
sliced into 4 pm thick sections. These sections were sub-
sequently deparaffinized with xylene, rehydrated, and pre-
treated for 30 min at room temperature with PBS blocking
buffer containing 10% goat serum. Next, the sections were
incubated with primary anti-collagen antibody (Abcam,
Cambridge, MA, USA) diluted 1:1,000 in PBS blocking
buffer. The antigen-antibody complexes were subsequently
visualized with biotinylated secondary antibody (goat anti-
rabbit)-conjugated HRP streptavidin (Histostain-Plus Kit,
Zymed, South San Francisco, CA, USA) at a dilution of
1:1,500 in PBS blocking buffer. Finally, collagen proteins
were detected using a stable DAB (Invitrogen Corp., Carls-
bad, CA, USA) and the Leica Application Suite (Leica Mi-
crosystems, Switzerland).

Determination of MDA levels

The MDA levels were assayed using a Lipid Peroxida-
tion (MDA) Assay Kit (Sigma-Aldrich Corporation) accord-
ing to the manufacturer’s protocols. The liver tissue was
homogenized in MDA lysis buffer containing butylhydroxy-
toluene (BHT), after which the homogenates were stored at
—20°C until analysis. The sample or standards and TBA
solution (70 mM thiobarbituric acid and 5 M glacial acetic
acid) were incubated at 95°C for 60 min and then cooled to
room temperature in an ice bath for 10 min, after which the
reaction absorbance at 532 nm was read using a VersaMax
plate reader (Molecular Devices, Sunnyvale, CA, USA).

Western blot

Total proteins prepared from the liver tissue of mice
were separated by 4-20% sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE) for 2 h, after
which the resolved proteins were transferred to nitrocellu-
lose membranes for 2 h at 40 V. Each membrane was then
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incubated separately at 4°C overnight with the following
primary antibodies: anti-Bcl2 (Abcam, Cambridge, UK),
anti-Bax (Abcam), anti-caspase-3 (Cell Signaling Technol-
ogy, Danvers, MA, USA), anti-MMP-1/8 (Santa Cruz Bio-
technology, Inc., Dallas, TX, USA), anti-MMP-2 (Santa
Cruz Biotechnology, Inc.), anti-MMP-9 (Santa Cruz Bio-
technology, Inc.), anti-Smad 2/3 (Cell Signaling Technol-
ogy), anti-p-Smad?2/3 (Cell Signaling Technology), anti-p38
(Cell Signaling Technology), anti-p-p38 (Cell Signaling
Technology), anti-SAPK/JNK (Cell Signaling Technol-
ogy), anti-p-SAPK/JNK (Cell Signaling Technology), anti-
SODI1 (Abcam), and anti-B-actin antibody (Sigma-Aldrich
Corporation). The membranes were subsequently washed
with washing buffer (137 mM NaCl, 2.7 mM KCl, 10 mM
Na,HPO,, and 0.05% Tween 20) and incubated with horse-
radish peroxidase (HRP)-conjugated goat anti-rabbit IgG
(Invitrogen Corp.) at a dilution of 1:1,000 for 1 h at room
temperature. Membrane blots were developed using Amer-
sham ECL Select Western Blotting detection reagent (GE
Healthcare, Little Chalfont, UK).

Enzyme-linked immunosorbent assay (ELISA) for
TGF-p1

The concentration of TGF-BI in blood serum and liver
tissue was measured using a TGF-B1 ELISA kit (BioLeg-
end, San Diego, CA, USA) according to the manufacturer’s
protocols. After collection of serum and liver homogenate,
the sample for analysis was prepared by adding acidification
solution and neutralization solution to serum and liver tissue
homogenate progressively. The mixtures of samples or stan-
dards between Assay Buffer C were incubated in a 96-well
plate at room temperature for 2 h, while shaking at 200 rpm,
after which 100 ul of TGF-B1 detection antibody solution
was added to each well, and samples were then incubated
at room temperature for 1 h with shaking. After washing,
100 pl of avidin-HRP-D solution was added to each well,
and the plate was incubated at room temperature for 30 min
with shaking. Next, 100 pl of substrate solution was added
to each well, and the plate was incubated for 10 min in the
dark. The reaction was then quenched by the addition of 100
ul of stop solution, after which the plates were analyzed by
evaluation of the absorbance at 450 nm using a VersaMax
plate reader (Molecular Devices).

RT-PCR

RT-PCR was conducted to measure the relative quan-
tities of mRNA for anti- or pro-inflammatory cytokines
including IL-1B, TNF-a, IL-6, and IL-10. Briefly, the liver
tissues were chopped with scissors and homogenized in
RNAZzol solution (Leedo Medical Laboratories, Houston,
TX, USA). The concentration of total isolated RNA was then
measured by UV spectroscopy (BioSpec-Nano, Shimadzu
Scientific Instruments, Columbia, MD, USA). Expression of
inflammatory cytokines was assessed by RT-PCR with 3 pg
of total RNA from the liver tissue of each group. Next, 500
ng of the oligo-dT primer (Invitrogen Corp.) was annealed
at 70°C for 10 min. Complementary DNA, which was used

as the template for further amplification, was synthesized
by the addition of dATP, dCTP, dGTP, and dTTP with 200
units of reverse transcriptase. Next, 10 pM each of the sense
and antisense primers were added, and the reaction mixture
was subjected to 25-30 cycles of amplification in a Perki-
nElmer Thermal Cycler as follows: 30 sec at 94°C, 30 sec
at 62°C, and 45 sec at 72°C. RT-PCR was also conducted
using P-actin-specific primers to ensure RNA integrity.
The primer sequences were as follows: 5'-GCA CAT CAA
CAA GAG CTT CAG GCA G-3, sense, and 5-GCT GCT
TGT GAG GTG CTG ATG TAC-3, antisense, for IL-1f ex-
pression; 5-CCT GTA GCC CAC GTC GTA GC-3, sense,
and 5“TTG ACC TCA GCG CTG ACT TG-3', antisense,
for TNF-a expression; 5-TTG GGA CTG ATG TTG TTG
ACA-3, sense, and 5-TCA TCG CTG TTG ATA CAA TCA
GA-3', antisense, for IL-6 expression; 5-CCA AGC CTT
ATC GGA AAT GA-3, sense, and 5-TTT TCA CAG GGG
AGA AAT CG-3’, antisense, for IL-10 expression; and 5'-
GTG GGG CGC CCC AGG CAC CAG GGC-3/, sense, and
5'-CTC CTT AAT GTC ACG CAC GAT TT-3', antisense,
for B-actin expression. The experiment was repeated three
times, and all samples were analyzed in triplicate. The final
PCR products were separated by 1% agarose gel electropho-
resis and visualized by ethidium bromide staining.

Statistical analysis

One-way ANOVA was used to identify significant dif-
ferences between the non-treated and CCl,-treated groups
(SPSS Statistics for Windows, Version 10.10, Standard
Version, SPSS Inc., Chicago, IL, USA). Additionally, dif-
ferences between the Vehicle+CCl,-treated group and the
EtSCT+CCl,-treated groups were evaluated by a post hoc
test (SPSS Statistics for Windows, Version 10.10, Standard
Version) of the variance and significance levels. All values
were expressed as means + SD. A P value of <0.05 was con-
sidered significant.

Results

Antioxidative properties of EtSCT

As shown in Table 1, total phenolic contents and flavo-
noids at 765 nm and 510 nm were 37.5 mg/g and 15.6 mg/g
in EtSCT respectively. Moreover, DPPH radical scavenging
activity was 93.3%, and NO scavenging activity was 15%,
while metal chelation activity was 46.5%. The reducing
power and SOD-like activity of EtSCT were 2.9% and 27%,
respectively. These results demonstrate that EtSCT has
good antioxidative properties that were likely related to its
hepatoprotective effects.

No effects of EtSCT administration on body and organ
weight

The effects of EtSCT administration on body and or-
gan weight in ICR mice treated with CCl, were also evalu-
ated. No significant difference in body weight was observed
among groups throughout the 6 day experimental period,
although their level was slightly lower in the LEtSCT+CCl,-
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Table 1. Components and Anti-oxidative Properties of EtSCT

Items

Concentration (mg/g)

Flavonoids
Total phenolic contents

15.6 +£1.03
37.5+£2.07

Items

Level (%)

DPPH radical scavenging activity

Metal chelation activity
Reducing power

NO scavenging activity
SOD-like activity

933+723
46.5+3.15

2.9+0.18
15.0+£0.96
27.0+2.05

*DPPH, 2,2-diphenyl-1-picrylhydrazyl; NO, nitric oxide; SOD, su-

peroxide dismutase.

Table 2. Alteration of Organ Weights of ICR Mice

CCls
Organs Non-treated -
Vehicle LEtSCT HEtSCT

Liver (g) 1.51 £0.107 1.39 £ 0.050 1.64 £ 0.669 1.40 +0.103
Kidney (g) 0.18 £ 0.014 0.19 £ 0.034 0.17 £0.012 0.18 +0.037
Spleen (g) 0.14 £ 0.016 0.10 £0.012a 0.11 £0.0172 0.11 +£0.012a
Thymus (g) 0.13 £ 0.016 0.09 + 0.0262 0.06 +0.0182 0.08 +£0.0132
Heart (g) 0.18 = 0.031 0.13 £ 0.0162 0.13 +0.0302 0.13+£0.0172
Lung (g) 0.26 +0.010 0.22 £ 0.0232 0.21 +£0.0272 0.24 + 0.033a

*The data are reported as the means + SD of three replicates. 2P<0.05 compared with the non-treated group.

Table 3. Alteration of Serum Parameters of ICR Mice

CCls
Parameters Non-treated
Vehicle LEtSCT HEtSCT
ALT (U/L) 2771 +£2.13 31705.33 £ 7216912 22892.00 + 5385.482>  19702.00 £ 4580.27a.b
AST (U/L) 79.57 £ 6.26 31211.00 + 4493.98a 27236.00 + 7455.752 24268.00 £ 5013.452
ALP (U/L) 124.00 £26.12 160.33 £ 32.55 173.33 £ 26.34a 212.57 £ 42.03a¢
LDH (U/L) 722.67 £ 196.35 17470.18 + 6632.502 10621.46 + 420.862.b 4751.81 +4262.69b¢

* The data are reported as the means + SD of three replicates. 2P<0.05 compared with the non-treated group. bP<0.05
compared with the vehicle+CCl,-treated group. <P<0.05 compared with the LEtSCT+CCl,-treated group.

treated group (Fig. 1B). Also, the liver and kidney weights
did not show any significant differences between the non-
treated group and EtSCT+CCl,-treated groups (Table 2).
However, the weights of the heart, lung, spleen, and thymus
decreased after CCl, injection, and were not recovered in
the LEtSCT+CCl,- and HEtSCT+CCl,-treated group when
compared with the Vehicle+CCl,-treated group (Table 2).
These results indicate that EtSCT treatment for 5 days does
not induce any significant change in body weight or the
weight of most organs in ICR mice, which is different from
ICR mice treated with only LEtSCT or HEtSCT?24.

Hepatoprotective effects of EtSCT on serum biochemi-
cal indicators

To examine the protective effects of EtSCT against
CCl -induced toxicity in terms of serum biochemical in-
dicators, the levels of liver indicators including ALP, AST,
ALT, and LDH were measured in Vehicle+CCl,- and
EtSCT+CCl,-treated ICR mice. The levels of AST, ALT, and
LDH were higher in Vehicle+CCl,-treated mice than in non-

treated mice. Only two indicators (ALT and LDH) decreased
significantly in a dose-dependent manner in EtSCT+CCl,-
treated mice compared with Vehicle+CCl,-treated mice, al-
though the rate of decrease varied for each factor. A slight
decrease in AST was observed in the HEtSCT+CCl,-treated
group; however, this change was not significant. Additional-
ly, the level of ALP was maintained at a constant level in the
LEtSCT+CCl,-treated group, and it was highly increased in
the HEtSCT+CCl,-treated group (Table 3). Taken together,
these results show that pretreatment with EtSCT may sup-
press the increase in ALT and LDH induced by CCl, injec-
tion, although the ratio of decrease may vary according to
each factor.

Protective effects of EtSCT on alteration of histopa-
thology

Next, the protective effects of EtSCT during hepato-
cellular damage were identified by histological analysis of
liver sections stained with hematoxylin and eosin. The his-
topathology of the liver in the non-treated group revealed a
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Fig. 2. Alteration of histopathology. (A) Severe centrilobular liver damage in the liver tissue section stained with H&E solution was clearly ap-
parent around the central vein (CV) in the Vehicle+CCl,-treated group while the non-treated group showed no pathology. This damage
was significantly recovered in the LEtSCT+CCl,- and HEtSCT+CCl,-treated groups. Histological alteration was observed around the
enteral vein (CV) at a 400x magnification and at 100x magnification (left corner), which is shown in the corner of each image. (B) The
necrotic area was measured in 1 mm?2 of each liver section using the Leica Application Suite (Leica Microsystems, Switzerland).

normal location for hepatocytes with clear visible nuclei, a
portal triad, and a central vein. After CCl, treatment, ex-
tensive centrilobular necrosis was observed in and around
the central vein (CV) of the liver. Furthermore, the CV in
the liver section was dilated in the Vehicle+CCl,-treated
group relative to the non-treated group. However, the hepa-
tocytes around the CV were reduced in the liver sections of
EtSCT+CCl,-treated groups, while the diameters of dilated
CVs were partially recovered, becoming similar to those of
non-treated group (Fig. 2A). The necrotic area around the

CV of the liver decreased significantly, by 37.8—39.5% in the
two EtSCT+CCl,-treated groups (Fig. 2B). Taken together,
these results indicate that EtSCT pretreatment may effec-
tively inhibit changes in histopathology of the liver tissue
induced by CCl, treatment.

Anti-apoptotic effects of EtSCT treatment

To examine if EtSCT pretreatment can prevent acti-
vation of apoptosis induced by CCl, exposure, the expres-
sion of apoptosis-related proteins was measured in total
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Fig. 3. Alteration of apoptosis-related proteins in the EtSCT+CCl,-
treated liver. Expression levels of caspase-3, Bcl-2, and Bax
proteins in the liver tissue were analyzed using specific an-
tibodies. Expression levels were quantified by an imaging
densitometer and the sizes of the products indicated. Data
represent the means + SD of three replicates. aP<0.05 com-
pared with the non-treated group. ®P<0.05 compared with
the Vehicle+CCl,-treated group. ¢P<0.05 compared with the
LEtSCT+CCl,-treated group.

extract of the liver tissues of mice pretreated with EtSCT
for 5 days. Among pro- and anti-apoptotic members of
the BCI-2 family, the level of Bax/Bcl-2 expression was
slightly higher in the Vehicle+CCl,-treated group than the
non-treated group. However, the level decreased signifi-
cantly in the HEtSCT+CCl,-treated groups relative to the
Vehicle+CCl,-treated group, while it increased slightly in
the LEtSCT+CCl,-treated group (Fig. 3). A similar pattern

to that of the Bax/Bcl-2 expression was observed in the
activation of caspase-3. Following CCl, injection, the pro-
caspase-3 level was reduced, whereas the level of active
caspase-3 increased by 171.6%. However, the levels of ac-
tive caspase-3 decreased significantly, by 31.2-35.0% in the
EtSCT+CCl,-treated groups relative to the Vehicle+CCl,-
treated group (Fig. 3). Taken together, these results suggest
that EtSCT pretreatment may protect against hepatocyte
apoptosis induced by CCl, injection via regulation of Bax/
Bcl-2 expression and caspase-3 activation.

Anti-inflammation effects of EtSCT treatment

We next investigated whether EtSCT pretreatment
could induce alterations in the transcription levels of anti-
and pro-inflammatory cytokines. To accomplish this,
the transcription levels of I1L-10, IL-1B, IL-6, and TNF-a
were measured in the subset groups by RT-PCR analysis.
The expression of the four cytokines was very similar in
the subset group. The levels of these cytokines were 10.1—
240.3% higher in the Vehicle+CCl,-treated group than in
the non-treated group. However, the levels decreased in a
dose-dependent manner in the EtSCT+CCl,-treated groups,
although the rate of decrease varied. The highest decrease of
IL-1B (300%) and lowest decrease (9.88%) of IL-10 were de-
tected in the HEtSCT+CCl-treated group (Fig. 4A). These
results indicated that EtSCT pretreatment can inhibit the in-
crease of anti- and pro-inflammatory cytokines induced by
CCl, injection.

To determine if downregulation of TNF-o mRNA
was accompanied by alterations in the downstream signal-
ing pathway, the phosphorylation levels of the key proteins
in the pathway were measured in the liver tissue. Interest-
ingly, the phosphorylation level of p38 significantly in-
creased in the two EtSCT+CCl,-treated groups even though
the Vehicle+CCl,-treated group showed very low levels
(Fig. 4B). However, the phosphorylation level of JNK was
maintained at a constant level, regardless of the concentra-
tion of EtSCT. Taken together, these results suggest that the
TNF-a signaling pathway activated by EtSCT pretreatment
was closely related to the regulation of p38 phosphorylation.

Protective effects of EtSCT against hepatic fibrosis
Hepatic fibrosis, which is a histological hallmark of
chronic liver disease, is characterized by excessive accu-
mulation of connective tissue in the liver and considered
an indicator of persistent or progressive hepatic injury?26. In
a previous study, dense staining of an excessive accumu-
lation of collagen that expanded into the portal triads was
observed in a Vehicle+CCl,-treated group compared with
a non-treated group?’. To investigate the protective effects
of EtSCT against CCl,-induced hepatic fibrosis, samples
were evaluated for changes in collagen and MMPs expres-
sion, and TGF-B1 signaling pathways were observed in the
liver tissue of the subset groups. The collagen protein was
densely stained around the portal triad of the Vehicle+CCl,-
treated group relative to the non-treated group in the im-
munohistochemical analysis. However, this accumula-
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Fig. 4. Alteration of inflammatory cytokines and the TNF-o down-
stream signaling pathway in the EtSCT+CCl,-treated liver.
(A) mRNA level of pro-inflammatory and anti-inflammato-
ry cytokines in the non-treated, Vehicle+CCl,-treated, and
EtSCT+CCl,-treated groups. After purification of total RNA
from the liver tissues of mice in each group, the mRNA levels
of the TNF-a, IL-1B, IL-6, and IL-10 genes were examined by
RT-PCR using specific primers. (B) Phosphorylation levels
of p38 and JNK in liver tissue. The phosphorylation levels of
the two proteins were calculated to divide the phosphorylated
protein levels into the unphosphorylated protein levels. Three
mice per group were assayed by western blotting. Values are
reported as means + SD. aP<0.05 compared with the non-
treated group. ®P<0.05 compared with the Vehicle+CCl,-
treated group. <P<0.05 compared with the LEtSCT+CCl,-
treated group.

tion significantly decreased in the HEtSCT+CCl,-treated
group (Fig. 5A). Furthermore, the expression of MMP-1
was higher in the Vehicle+CCl,-treated group than in the
non-treated group, but it was significantly decreased in the
HEtSCT+CCl,-treated group relative to the Vehicle+CCl,-
treated group, while the opposite was observed for the ex-

pression of MMP-2 and MMP-9. The decreases in these
proteins after Vehicle+CCl, treatment were recovered in the
LEtSCT+CCl,- and HEtSCT+CCl,-treated group (Fig. 5SD).
Additionally, the concentrations of TGF-B1 in the serum and
liver tissue were 20—172.4% higher in the Vehicle+CCl,-
treated group than in the non-treated group. These levels
were recovered to those of the non-treated group in the two
EtSCT+CCl,-treated groups, even though great recovery
was detected in the liver tissue homogenate. Furthermore, a
recovery pattern similar to that of the TGF-B1 concentration
was observed in the serum (Fig. 5B). The Samd2/3 phos-
phorylation level in the TGF-Bl signaling pathway fully
reflected the alteration of the TFG-B1 concentration in the
subset groups. However, these levels were significantly de-
creased in a dose-dependent manner in the LEtSCT+CCl,-
and HEtSCT+CCl,-treated group (Fig. 5C). Overall, the
above results suggest that EtSCT pretreatment can induce
a decrease in TGF-Bl secretion through regulation of
Smad?2/3 activation.

Protective effects of EtSCT on the regulation of oxida-
tive stress

Finally, to examine the protective effects of EtSCT on
the oxidative stress induced by CCl, exposure, the MDA
concentration and SOD expression were measured in the
liver tissue. A significant increase in the MDA concentra-
tion (282.8%) was detected in the Vehicle+CCl,-treated
group relative to the non-treated group. After EtSCT treat-
ment, the levels of the two EtSCT-treated groups were sig-
nificantly decreased (by 71.0% and 81.7%; Fig. 6A).

Conversely, a pattern opposite to that of the MDA con-
centrations was observed upon analysis of SOD expression.
The Vehicle+CCl,-treated group showed a significantly
lower level of SOD expression than that of the non-treat-
ed group. However, the level was recovered to that of the
non-treated group by EtSCT pretreatment (Fig. 6B). Taken
together, these results indicate that EtSCT pretreatment
may inhibit the oxidative stress induced by CCl, exposure
through suppression of lipid peroxidation and increased
SOD repression.

Discussion

In liver pathology, free radicals induce oxidative stress
that can lead to fatty degeneration, inflammation, fibrosis,
hepatocellular death, and carcinogenicity?8. 29. Therefore,
effective removal of free radicals has been considered one
strategy for treatment of liver injury. To achieve this, some
natural products from various marine organisms are being
investigated as important sources for the prevention of dis-
eases associated with oxidative stress, even though various
drugs have already been used in the treatment of hepatic
disorders30-38, Recently, several compounds and extracts
of the SCT have received a great deal of attention as novel
therapeutic mixture candidates because of their antioxidant
properties. A number of related studies are currently being
conducted to identify their novel functions and mechanisms
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of action3% 49, In an effort to develop drugs for the treatment
of oxidative stress-induced diseases, we investigated the
protective effects of EtSCT against hepatic injury in ICR
mice after CCl, exposure. Our results demonstrated that
EtSCT pretreatment was associated with relief of liver in-
flammation and fibrosis through the suppression of oxida-
tive stress induced by CCl, treatment.

Several reactive intermediates such as trichloro-
methyl radical (CCly) and trichloromethyl peroxy radical
(CCl1,00¢) were produced by activation of cytochrome P450
in liver tissue after CCl, injection?’. These radicals can bind
to cellular molecules (nucleic acids, proteins, and lipids), im-
pairing lipid metabolism, inducing membrane dysfunction,
and initiating hepatic cancer4!. To prevent the hepatic dam-
ages induced by CCl, treatment, it is important to identify
compounds and extracts with high antioxidant activity that
originate from natural products. Therefore, the EtSCT used
in this study can likely relate with to its hepatoprotective ef-
fects because it has good ability for antioxidative properties.

The results of serum marker enzyme analysis following
treatment with EtSCT were consistent with those of several
previous studies that showed that administration of similar
SCT extracts resulted in significant recovery of pathological
symptoms, including serum marker enzymes, in CCl,-treat-
ed animals. Water-ethanol extracts of the Ascidian purple
sea squirt (Halocynthia aurantium) increased the thresh-
old of erythrocyte hemolysis resistance and stimulated the
preservation of lipid composition in the erythrocyte mem-
brane42. Moreover, the administration of an ethanol extract
of an Ascidian (Microcosmus exasperatus) restored the in-
creases in SGPT, SGOT, ALP, and total bilirubin levels and
the activities of GPX, DOS, and GSH in CCl,-treated Wistar
rats®3. However, these studies did not show their effects on
hepatic inflammation, apoptosis, or fibrosis. The results of
the present study provide the first evidence of the molecular
action mechanism of EtSCT leading to hepatoprotective ef-
fects in CCl,-induced liver damage.

Meanwhile, liver toxicity was confirmed based on al-
terations in the levels of four enzymes (ALP, ALT, AST,
and LDH) related to liver metabolism#4. Among them, the
ALP level in serum can be increased by large bile duct ob-
struction, intrahepatic cholestasis, or infiltrative diseases of
the liver®S. When liver toxicants such as CCl, are admin-
istered to animals, the damaged liver cells release a large
amount of ALP into the blood#S. In this study, the serum

level of ALP was gradually enhanced in the Vehicle+CCl,-,
LEtSCT+CCl,- and HEtSCT+CCl,-treated group compared
with the non-treated group, although Vehicle+CCl, did not
show any statistical significance. However, the results of
our previous study showed that EtSCT did not induce any
toxic effects on liver tissue of EtSCT-treated mice without
CCl, based on the serum levels of four enzyme indicators
and histological structure24. Therefore, we believe that an
increase in only the ALP level in the LEtSCT+CCl,- and
HEtSCT+CCl,-treated groups may have been correlated
with the synergistic effects of some EtSCT components and
CCl, on the hepatic injury, as hemolysis of red blood cells
during collection of whole blood was previously shown to
simultaneously enhance the ALP and AST levels4’. How-
ever, the present study provides limited information, as total
extracts of SCT and CCl, were administered to ICR mice.
Furthermore, more studies are necessary to clarify the syn-
ergistic effect of combinational complex between individual
component and CCl,.

Two different apoptosis pathways lead to caspase ac-
tivation, the mitochondrial pathway and the death-receptor
pathway4s. Among them, the mitochondrial pathway is reg-
ulated by the Bcl-2 family of proteins, which consist of anti-
apoptotic (such as Bcl-2) and pro-apoptotic (such as Bax)
proteins32. Although CCl, injection induced caspase-3 ac-
tivation and cytochrome c release within the mitochondrial
pathway in apoptotic hepatocytes# 50, this apoptotic dam-
age has been protected against by administration of various
antioxidant mixtures including Salvia miltiorrhiza, diben-
zoyl glycoside from Salvinia natans, dioscin, glycyrrhizic
acid, and the flavonoid fraction from Rosa laevigata Michx
fruit5!-54, The above effects on the regulation of apoptotic
proteins detected in previous studies were also observed in
the present study. As shown in Fig. 3, the ratio of Bax/Bcl-2
expression and caspase-3 activation increased significantly
in the Vehicle+CCl,-treated group, but they were restored in
the EtSCT+CCl,-treated groups. Therefore, these findings
indicate that EtSCT can be considered important candidates
to prevent and treat the damage induced by apoptotic induc-
ers such as oxidative stress and toxic chemicals.

The toxic metabolites produced by CCl, injection can
stimulate the secretion of cytokines including IL-1, TNF-q,
and TGF-f through regulation of redox-sensitive transcrip-
tion factors such as NF«B, activator protein 1 (AP-1), and
early growth response 1 (EGR1) in Kupffer cells2 55. 56, In

Fig. 5. Alteration of regulatory factors of liver fibrosis in EtSCT+CCl,-treated mice. (A) Immunohistochemistry of collagen protein. After CCl,
treatment, the collagen proteins were detected as a dense line around portal vein of portal triads compared with the non-treated group,
but the levels were decreased in the same region in HEtSCT+CCl,-treated mice. Histological alteration was observed around the portal
triads stained with specific antibody at 400x magnification. (B) ELISA for TGF-B1. After preparation of blood serum and liver tissue
homogenate, the concentration of TGF-f1 was determined in the two different mixtures using a TGF-B1 ELISA kit that could detect
TGF-B1 at 3.5 pg/mL. (C) Western blot analysis for Smad2/3 expression. To measure the expression levels of Smad2/3 and p-Smad2/3
protein, membranes were incubated with specific antibodies for each protein, as well as B-actin protein from liver lysates. Three mice
per group were assayed by western blotting. (D) Western blot analysis of MMP-1, 2, and 9 expression. To measure the expression levels
of MMP proteins, the membranes were incubated with specific antibodies for each protein, as well as -actin protein from liver lysates.
Three mice per group were assayed by western blotting. Values are reported as the means + SD. aP<0.05 compared with the non-treated
group. ®P<0.05 compared with the Vehicle+CCl,-treated group. ¢P<0.05 compared with the LEtSCT+CCl,-treated group.
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Fig. 6. Analysis of oxidant stress-related factors in EtSCT+CCl,-
treated mice. (A) The level of MDA was determined in serum
collected from mice using a lipid peroxidation assay kit that
could detect MDA at 0.1 nmol/mg to 20 nmol/mg. (B) The
expression level of SOD was measured in the homogenates
of liver tissue collected from subset groups. The intensity of
each band was determined using an imaging densitometer,
and the relative level of each protein was calculated based on
the intensity of actin protein as an endogenous control. Data
represent the means = SD of three replicates. 2P<0.05 com-
pared with the non-treated group. ®P<0.05 compared with
the Vehicle+CCl,-treated group. ¢<P<0.05 compared with the
LEtSCT+CCl,-treated group.

CCl,-treated animals, the TNFa and IL-6 concentrations in-
creased significantly, but these levels were inhibited by sev-
eral compounds and mixtures, including curcumin, poly-

saccharide from Tarphochlamys affinis (PTA), and ursolic
acids7-%9, Furthermore, the expression of an anti-inflamma-
tory cytokine (IL-10) was increased in the serum of Balb/c
mice with CCl,-induced liver injury® or decreased in the
hepatic supernatant of SD rats with CCl,-induced liver in-
jury2. The IL-10 level was also significantly reduced by pre-
treatment with ruxolitinib (15 mg/kg) for 2 h®0, but it did not
change in response to treatment with ginseng extract and
ginsenoside Rbl for 2 weeks in CCl,-treated animals2. In
the present study, the expression of pro- and anti-inflamma-
tory cytokines was dramatically decreased by EtSCT pre-
treatment in a dose-dependent manner, which was similar
to the results of previous studies, although a few differences
in expression levels of cytokines were detected. These dif-
ferences were likely a result of variations in the properties
of bioactive compounds and the genetic background of the
experimental animals used among studies.

A variety of damages, such as that resulting from
chronic exposure of CCly, viral hepatitis infections such as
hepatitis B virus (HBV) and hepatitis C virus (HCV) infec-
tions, or administration of metabolic agents, induce liver fi-
brosis, which is characterized by excessive accumulation of
extracellular matrix (ECM) through abnormal regulation of
connective tissue synthesis and ECM homeostasis®!: 62. Sev-
eral mixtures and bioactive compounds, including Fufang-
Liu-Yue-Qing, epigallocatechin-3-gallate (EGCG), silyma-
rin, and curcumin’s. 63-65 effectively improved the severity
of hepatic fibrosis in mice and rats treated with toxicants in-
cluding CCl,, although there were no attempts to apply SCT-
related products. Furthermore, the synthesis and secretion
of collagen leading to increased scar formation in ECM can
be activated by the Smad-dependent pathway after stimula-
tion with TGF-B166. The TGF-B1 concentration and collagen
expression were significantly reduced in response to treat-
ment with most of the above herbs or compounds3?. 58. 63, 64,
In the present study, the EtSCT-treated groups showed res-
toration of collagen expression, the TGF-f1 concentration,
and MMP-1 expression. Most of our results regarding liver
fibrosis were similar to those of previous studies. However,
the increase in MMP-2/9 in the EtSCT-treated groups dif-
fered from that in previous studies. Accordingly, additional
studies should be conducted to determine what other factors
regulate MMP-2/9 expression.

The free radicals derived from CCl, in hepatic injury
can react with membrane lipids, leading to their peroxida-
tion4. Many antioxidant compounds and mixtures such as
MCL, polysaccharide from Angelica and Astragalus (AAP),
ellagitannin-enriched Melaleuca styphelioides Sm. (Myrta-
ceae), and Fagonia schweinfurthii (Hadidi) Hadidi (Family:
Zygophyllaceae) significantly reduced the increase of lipid
peroxides induced by CCl, injectioné’-70. Extracts from the
Ascidian tunic within subphylum Urochordata affected the
lipid content in the whole blood of animals. Serum choles-
terol, neutral lipids, phospholipids, and LDL-cholesterol
were decreased in SD rats treated with Ascidian insoluble
cellulose’!, while conservation of the lipid components ratio
in the erythrocyte membrane was promoted by treatment
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in stellate cells.

with a water-ethanol extract of the Ascidian purple sea
squirt#0. In this study, pretreatment with EtSCT significantly
improved antioxidative conditions, including lipid peroxida-
tion and SOD expression (Fig. 6). These findings provided
evidence that the hepatoprotective effects of EtSCT may be
tightly associated with the effects of antioxidant activity on
lipid peroxidation and SOD expression.

Taken together, the results of the present study indi-
cate that EtSCT effectively protects against CCl,-induced
hepatic injury in ICR mice. EtSCT pretreatment prevented
the increase of serum marker enzymes, enhancing hepat-
ic apoptosis and necrosis, liver fibrosis, and inflammation
through the suppression of lipid peroxidation and induction
of antioxidant enzyme expression (Fig. 7). Therefore, our
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study provides a solution for the environmental problem of
increasing SCT wastes via their use as novel bioactive ma-
terials.
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