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a b s t r a c t

Ethnopharmacological relevance: The entire plant of Ajuga bracteosa Wall has been used to treat various
inflammatory disorders, including hepatitis, in Taiwan.
Aim: This study evaluated the hepatoprotective ability of Ajuga bracteosa extract (ABE).
Materials and methods: We investigated the inhibitory action of a chloroform fraction of ABE (ABCE) on
lipopolysaccharide (LPS)-stimulated RAW264.7 cells and Kupffer cells. Hepatic fibrosis was induced in
mice through the administration of CCl4 twice a week for 8 weeks. Mice in three CCl4 groups were treated
daily with water and ABE throughout the duration of the experiment.
Results: In LPS-stimulated RAW264.7 cells and Kupffer cells, ABCE inhibited the production of NO and/or
TNF-� and also blocked the LPS-induced expression of NO synthase. ABCE inhibited the activation of
NF-�B induced by LPS, associated with the abrogation of I�B� degradation, with a subsequent decrease
in nuclear p65 and p50 protein levels. The phosphorylation of MAPKs in LPS-stimulated RAW264.7 cells
was also suppressed using ABCE. In the in vivo study, ABE protected the liver from injury by reducing the
activity of plasma aminotransferase, and by improving the histological architecture of the liver. RT-PCR
analysis showed that ABE inhibited the hepatic mRNA expression of LPS binding protein, CD14, TNF-˛,
collagen(˛1)(I), and ˛-smooth actin.
Conclusion: These results indicate that ABE alleviated CCl4-induced liver fibrosis, and that this protection
is probably due to the suppression of macrophage activation.

© 2011 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Kupffer cells are the resident macrophages of the liver. When
activated, they produce and release numerous mediators, including
nitric oxide (NO) and cytokines, such as TNF-� (Valatas et al., 2004;
Al-Anati et al., 2009). Many of these mediators further activate
or modulate nearby cells involved in the process of inflamma-
tion which exacerbates the damage to the liver. Kupffer cells are
involved in several types of chemical-induced liver damage, includ-
ing damage related to carbon tetrachloride (CCl4) (Qiu et al., 2005).
Rivera et al. (2001) demonstrated the destruction of Kupffer cells
from gadolinium chloride attenuated CCl4-induced hepatic fibro-
sis. Kupffer cells are considered a key factor in the development of
CCl4-induced liver fibrosis.

Ajuga bracteosa (Labiatae) is a common wild herb growing
in open fields throughout Taiwan. It has been found that Ajuga
bracteosa contains substances, such as sphingolides, bractic acid,
diterpenoids (Riaz et al., 2007), and withanolides (Riaz et al.,
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2004), exhibiting various enzyme-inhibiting activities (lipooxy-
genase, acetylcholinesterase). In Indian traditional medicine, this
plant is used as a remedy for malaria (Chandel and Bagai, 2010); and
in Taiwan the entire plant has been used to treat various inflam-
matory disorders, including hepatitis, pneumonia, and bone disease
(Chiu and Chang, 1992). Previous investigations have shown that
extracts of Ajuga decumbens reduced CCl4-induced hepatic damage
in mice (Sun and Li, 2010). However, the antifibrotic action of Ajuga
bracteosa remains unclear.

We hypothesize that Ajuga bracteosa extracts (ABEs) might pro-
vide protection from CCl4-induced fibrogenesis by suppressing
inflammation, thereby inhibiting activation of hepatic stellate cells.
Results of this study support our hypothesis. An extension of our
prior in vitro observations provided insight into the mechanisms by
which ABE provides protection to the liver.

2. Materials and methods

2.1. Plant material

Dried Ajuga bracteosa Wall (Labiatae) was purchased from
Han-Chiang Herbal Medicine Company (Taichung, Taiwan) and

0378-8741/$ – see front matter © 2011 Elsevier Ireland Ltd. All rights reserved.
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identified by Dr. Chao-Lin Kuo, School of Chinese Medicine
Resources, China Medical University. A specimen of the plant, col-
lected in June 2008 from the botanical farm at Taichung, was
supplied by the Han-Chiang Herbal Medicine Company to the China
Medical University. To prepare the extract, the dried plant (1.6 kg)
was decocted with boiling water (20 l) for 4 h, and the decoction was
filtered and evaporated under reduced pressure to yield a brown
residue (ABE). The yield of ABE was approximately 28%.

The ABE was suspended in water and partitioned using n-
butanol. The n-butanol fraction (ABBE) was concentrated, yielding
21.7%. The ABBE (50 g) was suspended in water and partitioned
with chloroform. The chloroform fraction (ABCE) was concentrated,
yielding 27% (13.5 g).

2.2. RAW264.7 cell culture

RAW264.7 cells, derived from murine macrophage were
obtained from the Food Industry Research and Development
Institute (Hsinchu, Taiwan). They were cultured in DMEM sup-
plemented with 10% endotoxin free, heated and inactivated fetal
bovine serum, 100 U/ml of penicillin, and 100 �g/ml of strepto-
mycin.

For the NO assay, the cells (3 × 104 cells/well) were preincu-
bated for 1 h using various concentrations of ABE, ABBE, or ABCE,
and further cultured for 24 h with 1 �g/ml of LPS in 96-well plates.
The supernatant was removed at the allotted time to quantify the
production of NO.

2.3. Primary cell culture

Rat Kupffer cells were isolated according to the method of
Froh et al. (2002). The freshly isolated cells were suspended in
RPMI-1640 medium supplemented with 10% fetal bovine serum,
penicillin (100 U/l), streptomycin (100 �g/ml), and l-glutamine
(2 mmol/l). The cells were plated onto 96-well (5 × 104 cells) cul-
ture dishes for detection of NO. They were maintained in an
incubator at 37 ◦C in a humidified atmosphere of 95% air and 5% CO2.
Nonadherent cells were removed from the culture after 15 min.
Adherent cells were used for the experiments.

The purity of Kupffer cell fraction was consistently >80% as
determined by CD68 staining (flow cytometry). All adherent cells
were analyzed for their ability in phagocytosis, indicating that they
were viable Kupffer cells.

2.4. Cytotoxicity assay

The viability of the RAW264.7 cells and Kupffer cells was
detected by MTS assay (CellTiter 96 Aqueous One Solution Cell
Proliferation assay, Promega Corporation, Madison, WI, USA). MTS
was bio-reduced into a colored formazan product by the reduc-
ing enzymes present only in metabolically active, viable cells. This
compound has an absorbance peak at 490 nm, which was measured
in a spectrophotometric microplate reader.

2.5. Nitrite assay

The concentration of nitrite in the culture medium was mea-
sured as an indicator of NO production, according to the Griess
reaction (Sigma–Aldrich, St. Louis, MO). Approximately 100 �l of
each supernatant was mixed with the same volume of Griess
reagent (1% sulfanilamide in 5% phosphoric acid and 0.1% naph-
thylethylenediamine dihydrochloride in water). Absorbance of
the mixture at 550 nm was determined with an enzyme-linked
immunosorbent assay plate reader (Minghetti et al., 1997).

2.6. Cytokines assay

The concentrations of TNF-� in the culture medium were mea-
sured by ELISA using commercially available kits (eBioscience, San
Diego, CA) according to the manufacturer’s instruction.

2.7. Western blot analysis

Cytoplasmic and nuclear protein extracts were described previ-
ously (Chen et al., 1998). The RAW264.7 macrophage was incubated
with or without LPS in the presence or absence of ABCE. The
cells (1.0 × 107) were washed with ice-cold phosphate-buffered
saline and suspended in 0.2 ml hypotonic lyses buffer [10 mM
HEPES, pH 7.9, 10 mM KCl, 1 mM dithiothreitol (DTT), 1 mM phenyl-
methylsulfonyl fluoride (PMSF), 1 mM sodium fluoride (NaF), 1 mM
orthovanadate (Na3VO4), 10 �M EGTA, 10 �M EDTA] containing
0.5% Nonidet P-40 and microcentrifuged at 12,000 × g for 1 min.
The homogenate was centrifuged, and the supernatant contain-
ing cytoplasmic extracts was removed and stored frozen at −80 ◦C.
The nuclear pellet was lysed in 20 �l of ice-cold nuclear extraction
buffer for 1 h with intermittent mixing, the extract was then cen-
trifuged. The lysate was centrifuged at 12,000 × g for 15 min at 4 ◦C,
and supernatant containing nuclear extracts was secured. The pro-
tein concentration was determined using Bradford protein assay
reagent (Sigma–Aldrich, St. Louis, MO) according to the manufac-
turer’s instructions.

The cytoplasmic and nuclear protein extracts (40 and 20 �g,
respectively) were separated using 12% SDS–PAGE and transferred
to a nitrocellulose membrane. After blocking with 5% nonfat milk,
and being incubated overnight at 4 ◦C with various primary anti-
bodies in TBS containing 0.1% Tween-20, the primary antibodies
were obtained from the following sources: anti-p65, anti-phospho-
I�B�, anti-I�B�, anti-phospho-ERK from Cell Signaling (Danvers,
USA); anti-phopho-p38, anti-p38, anti-ERK, anti-phospho-JNK,
anti-JNK from Abcam (Cambridge, UK); and anti-proliferating cell
nuclear antigen (PCNA), anti-�-tubulin, anti-p50 from Santa Cruz
(CA, USA). Thereafter, the blot was washed, exposed to horseradish
peroxidase-conjugated secondary antibodies for 1 h, and then
developed through enhanced chemiluminescence (Thermo, Rock-
ford, USA). PCNA and �-tubulin were used as internal controls in
nuclear and cytoplasmic experiments, respectively.

2.8. Animal care

ICR male mice were obtained from the BioLASCO Co. Ltd. (Taipei,
Taiwan). The animals in the experiment were housed in an air-
conditioned room at 21–24 ◦C with 12 h of light. The mice were
allowed free access to food pellets and water throughout the study.
All animals received human care and the study protocol complied
with the guidelines of China Medical University for the use of lab-
oratory animals.

2.9. CCl4-induced liver fibrosis

Mice (24–27 g) were randomly allocated to four groups (one in
the control group and three in the CCl4-treated groups, each con-
taining 8 mice). Chronic hepatitis was induced in three groups of
8 mice through oral administration of 0.1 ml/10 g body weight of
CCl4 diluted 10:90 (v/v) in olive oil, twice a week for 8 weeks. The
animals received only CCl4 or CCl4 with ABE (0.3 or 1.0 g/kg, p.o.,
daily). ABE was administered when the chronic injury model began,
and the total duration of drug treatment was 8 weeks. On the days
of CCl4 treatment, the time interval between the administration of
CCl4 and ABE was 5 h to avoid the interference of absorption. The
dosage of ABE used in the experiment was based on the dry weight
of the extract. Dilutions were made with distilled water.
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At the end of the experiment, mice were sacrificed under CO2
anesthesia and blood was withdrawn from the abdominal vein.
The liver was quickly removed and washed clear with cold nor-
mal saline. The moisture was then blotted off and the livers were
weighed. Each liver was divided into four parts: (1) one sample was
submerged in 10% neutral formalin to prepare the pathological sec-
tion; (2) after weighing, a second sample was completely dried at
100 ◦C to determine the content of collagen; (3) a sample for RT-
PCR analysis was maintained in liquid nitrogen; and (4) the final
sample was stored at −80 ◦C in reserve.

2.10. Assay of liver functions

A 50-�l sample of blood was added to an Eppendorf tube
containing 150 �l of 5% sodium citrate solution and the plasma
was separated by centrifugation (1700 × g at 4 ◦C for 10 min).
The plasma alanine aminotransferase (ALT) and aspartate amino-
transferase (AST) levels were measured using clinical kits (Roche
Diagnostics, Mannheim, Germany) and a spectrophotometric sys-
tem (Cobas Mira; Roche, Rotkreuz, Switzerland).

2.11. Assay of hydroxyproline

Hydroxyproline determination was carried out as described
elsewhere (Lin et al., 2006). Dried liver tissue after hydrolysis
with 6 N HCl was oxidized by hydrogen peroxide and reacted
with p-dimethylaminobenzaldehyde; the absorbance of the col-
ored product was determined at 540 nm (U-2001; Hitachi, Tokyo,
Japan). The amount of hydroxyproline was expressed as �g/g wet
tissue.

2.12. RNA extraction and analysis of reverse
transcriptase-polymerase chain reaction (RT-PCR)

The total RNA was isolated from the mice livers using acid
guanidinium thiocyanate–phenol–chloroform extraction method,
as described by Chomczynski and Sacchi (1987). A 5-�g sample of
total RNA from each liver sample was subjected to reverse tran-
scription by moloney murine leukemia virus reverse transcriptase
in a 50-�l reaction volume. Aliquots of the reverse transcription
mix were used for the amplification (by PCR) of fragments of LPS
binding protein (LBP), CD14, tumor necrosis factor-˛ (TNF-˛), collagen
(˛1)(I) and, ˛-smooth actin (˛-SMA), using the primer pairs listed
in Table 1. The expression levels of all transcripts were normal-
ized to those of glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
mRNA in the same tissue sample. The identities of the PCR prod-
ucts were confirmed by sequence analysis. The PCR products were
separated on a 2% agarose gel and recorded on Polaroid film; bands
were quantified using a densitometer.

Table 1
Oligonucleotide sequences used in RT-PCR.

mRNA Sequence Length (bp)

LBP F: ACCCTTGACCTGGACTTGAC 127
R: ACAGTGCCCGCTCTTAAAGT

CD14 F: CCTAGTCGGATTCTATTCGGAGCC 375
R: AACTTGGAGGGTCGGGAACTTG

TNF-� F: CTCAGCGAGGACAGCAAGG 108
R: AGGGACAGAACCTGCCTGG

Collagen I(�1) F: GGTCCCAAAGGTGCTGATGG 174
R: GACCAGCCTCACCACGGTCT

�-SMA F: CTGCTCTGCCTCTAGCACAC 138
R: TTAAGGGTAGCACATGTCTG

GAPDH F: TGTGTCCGTCGTGGATCTGA 76
R: CCTGCTTCACCACCTTCTTGA

Table 2
IC50 of ABE, ABBE and ABCE on NO production in RAW264.7 macrophages after LPS
stimulation.

Treatments IC50 (�g/ml) (95% confidence limits)

ABE 703.8 (405.8–1220.7)
ABBE 190.9 (106.0–343.6)*

ABCE 47.2 (21.4–103.8)*,#

Data represented the means of triplicated determination from three experiments.
* Significance of difference compared with the ABE group.
# Significance of difference compared with the ABBE group.

2.13. Light microscopy

Following fixation with formalin, tissue samples were
sliced, embedded using a standard protocol, and stained with
hematoxylin–eosin or Sirius Red. Fibrosis was quantified using
a computerized image-analysis system (image-pro Plus version
5.1; Media Cybernetics, MD, USA). Data for liver fibrosis were
expressed as the mean percentage of the total hepatic area in the
tissue section.

2.14. Statistical analysis

Results are expressed as the mean ± SD. All other experimen-
tal data were analyzed using one-way analysis of variance and the
Dunnett’s test. A P value < 0.05 was considered statistically signif-
icant. The IC50 values and 95% confidence limits were calculated
according to the method of Litchfield and Wilcoxon (1949).

3. Results

3.1. ABE, ABBE, and ABCE inhibited NO production in
LPS-stimulated RAW264.7 macrophages

The culture treatment of RAW264.7 macrophages using 1 �g/ml
LPS for 24 h caused an increase in NO production. Pretreatment
with ABE (200–1000 �g/ml), ABBE (200–600 �g/ml), and ABCE
(25–100 �g/ml) for 1 h inhibited NO production in a concentration-
dependent manner. The IC50 values and 95% confidence limits for
ABE, ABBE, and ABCE are shown in Table 2. The IC50 of ABCE was
lower than ABBE and ABE. RAW264.7 macrophage did not undergo
any change in viability following exposure to LPS + ABE, ABBE, or
ABCE (data unpublished).

3.2. ABCE inhibited NO and TNF-˛ production in LPS-stimulated
Kupffer cells

Kupffer cells were incubated with LPS in the presence or
absence of ABCE for 1 h. Treatment with LPS for 24 h caused an
increase in the production of NO (P < 0.001; Fig. 1A) and TNF-�
(P < 0.001, Fig. 1B). Pretreatment of ABCE led to a decrease of 31%
(50 �g/ml, P < 0.001), 69% (100 �g/ml, P < 0.001) of NO production,
57% (50 �g/ml, P < 0.001) and 82% (100 �g/ml, P < 0.001) of TNF-�
production. Kupffer cells did not undergo any change in viability
following exposure to LPS + ABCE (Fig. 1C).

3.3. ABCE inhibited iNOS expression in RAW264.7 macrophages
induced by LPS

As shown in Fig. 2, RAW264.7 macrophages expressed high lev-
els of iNOS (P < 0.001) when stimulated with LPS (1 �g/ml) for
24 h, according to Western blot analysis. RAW264.7 cells were
preincubated for 1 h with indicated concentrations of ABCE, and
then activated for 24 h with 1 �g/ml LPS. Pretreatment with ABCE
led to a decrease of 48% (25 �g/ml, P < 0.001), 86% (50 �g/ml,
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Fig. 1. Effects of ABCE on viability, production of NO and TNF-� in Kupffer cells after LPS stimulation. Kupffer cells were pre-incubated for 1 h with indicated concentrations
of ABCE, and then activated for 24 h with 1 �g/ml LPS. All values were means ± SD (n = 3). ###P < 0.001 as compared with the control group. ***P < 0.001 as compared with the
LPS + vehicle group.

P < 0.001), and 92% (100 �g/ml, P < 0.001) in the expression of
iNOS.

3.4. ABCE inhibited NF-�B activation in RAW264.7 macrophages
induced by LPS

As shown in Fig. 3A, RAW264.7 macrophages were incubated
with LPS (1 �g/ml) in the presence or absence of ABCE for 1 h. Neg-
ligible levels of p50 and p65 proteins were detected in control cell
nuclei, but treatment with LPS for 1 h caused nuclear translocations.
It was found that pretreatment with ABCE led to a decrease of 50%
(50 �g/ml, P < 0.01) and 56% (100 �g/ml, P < 0.01) in p65 expression
(Fig. 3B) and 42% (50 �g/ml, P < 0.05) and 42% (100 �g/ml, P < 0.05)
in p50 expression (Fig. 3C), according to Western blotting. PCNA
was used as an internal control in these experiments.

3.5. ABCE inhibited I�B˛, ERK, JNK, and p38 phosphorylation
induced by LPS in RAW264.7 macrophages

RAW264.7 cells were incubated with LPS in the presence or
absence of ABCE for 1 h. Treatment with LPS for 15 min increased

Fig. 2. Effect of ABCE on LPS-induced iNOS protein expression in RAW264.7 cells
after LPS stimulation. RAW264.7 cells were pre-incubated for 1 h with indicated
concentrations of ABCE, and then activated for 24 h with 1 �g/ml LPS. The ratio of
immunointensity between the iNOS and the loading control �-tubulin was calcu-
lated. Values were means ± SD (n = 3). ###P < 0.001 as compared with the control
group. ***P < 0.001 as compared with the LPS + vehicle group.

cytoplasmic protein expression levels of P-I�B�, P-ERK 1/2, P-
JNK 1/2, P-p38, according to Western blot analysis (Fig. 4A). The
expression levels of P-I�B�, P-ERK 1/2, P-JNK 1/2, and P-p38 in the
LPS group were increased 180% (P < 0.01; Fig. 4B), 149% (P < 0.001;
Fig. 4C), 282% (P < 0.001; Fig. 4D), and 282% (P < 0.01; Fig. 4E),
respectively, compared with the control group. Pretreatment of
ABCE led to a decrease of 43% (100 �g/ml, P < 0.05) in P-I�B�
expression, 23% (50 �g/ml, P < 0.05) and 28% (100 �g/ml, P < 0.05) in
P-ERK 1/2 expression, 31% (50 �g/ml, P < 0.05) and 40% (100 �g/ml,
P < 0.01) in P-JNK 1/2 expression, and 52% (50 �g/ml, P < 0.05) and
58% (100 �g/ml, P < 0.01) in P-p38 expression.

3.6. Effects of ABE on biochemical parameters

As shown in Table 3, in the CCl4-treated model group, the lev-
els of ALT (P < 0.001) and AST (P < 0.001) increased significantly
compared with the control group. The ABE-treated groups had
significantly lower levels of ALT (300 mg/kg, P < 0.05; 1000 mg/kg,
P < 0.01), and AST (300 mg/kg, P < 0.05; 1000 mg/kg, P < 0.01) when
compared with the CCl4-treated model group.

3.7. Effect of ABE on hepatic hydroxyproline

In CCl4-treated model group, the hepatic concentration of
hydroxyproline was approximately 170% (P < 0.001), indicating an
increase over that of the control group (Table 3). The ABE-treated
groups showed a significant reduction in these elevated hydrox-
yproline levels to 83% (300 mg/kg, P < 0.01) and 74% (1000 mg/kg,
P < 0.01), respectively, from that of the CCl4-treated model group
(Table 3).

3.8. Expression of LBP, CD14 and TNF-˛ mRNA

Fragments of the genes encoding LBP, CD14, and TNF-˛ were
amplified using RT-PCR (Fig. 5A). Results for densitometric anal-
ysis, following normalization against the corresponding GAPDH
transcript, were reported as ratios of LBP/GAPDH, CD14/GAPDH
and TNF-˛/GAPDH (Fig. 5B–D). The up-regulation of LBP, CD14,
and TNF-˛ expression in the CCl4-treated model group was 160%
(P < 0.05), 390% (P < 0.05), and 230% (P < 0.01), respectively, com-
pared with the control group. The ABE-treated group led to
down-regulation of 31% (1000 mg/kg, P < 0.05) in LBP expression,
67% (1000 mg/kg, P < 0.05) in CD14 expression, 45% (300 mg/kg,
P < 0.001) and 49% (1000 mg/kg, P < 0.001) in TNF-˛ expression,
respectively.
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Fig. 3. Effect of ABCE on LPS-induced NF-�B nuclear translocation in RAW264.7 cells. RAW264.7 cells were pre-incubated for 1 h with indicated concentrations of ABCE, and
then activated for 1 h with 0.1 �g/ml LPS. The ratios of immunointensity between the p65, p50 and the loading control PCNA were calculated. Values were means ± SD (n = 3).
##P < 0.01 as compared with the control group. *P < 0.05, **P < 0.01 as compared with the LPS + vehicle group.

3.9. Expression of collagen (˛1)(I) and ˛-SMA mRNA

Fragments of the genes encoding collagen (˛1)(I) and ˛-SMA
were amplified using RT-PCR (Fig. 6A). Results for densitomet-
ric analysis, following normalization against the corresponding
GAPDH transcript, were reported as collagen (˛1)(I)/GAPDH and ˛-
SMA/GAPDH ratios (Fig. 6B and C). The up-regulation of collagen
(˛1)(I) and ˛-SMA expressions in the CCl4-treated model group was
900% (P < 0.001) and 200% (P < 0.001), respectively, compared with
the control group. The ABE-treated group led to down-regulation
of 72% (1000 mg/kg, P < 0.001) in collagen (˛1)(I) expression, 45%
(300 mg/kg, P < 0.001) and 49% (1000 mg/kg, P < 0.001) in ˛-SMA
expression, respectively.

3.10. Pathological changes

CCl4-treated model group caused morphological changes in the
liver, as evidenced by marked necrosis (Fig. 7B). In the ABE-treated

groups, hepatic necrosis was weaker than in the CCl4-treated model
group (Fig. 7C and D).

Liver sections of the control mice did not contain collagen
(Fig. 8A). In the CCl4-treated model group, collagen was present
around the liver lobules, resulting in the appearance of large fibrous
septa (Fig. 8B). The livers of ABE-treated groups led to a 28%
(300 mg/kg, P < 0.001) and 41% (1000 mg/kg, P < 0.001) decrease in
collagen levels (Fig. 8C and D).

4. Discussion

In this study, our data show that ABE inhibited the development
of CCl4-induced liver fibrosis in mice. Our results also indicate that
the inhibition of Kupffer cell activation plays an important role in
ameliorating the effects of ABE.

In Taiwan, Ajuga bracteosa is widely used for the treatment of
various inflammatory disorders (Chiu and Chang, 1992). There-
fore, we first examined the anti-inflammatory action of ABE

Table 3
Effect of ABE on the plasma ALT and AST activities and hepatic hydroxyproline content in CCl4-treated mice.

Drugs Doses (g/kg) AST (U/L) ALT (U/L) Hydroxyproline (�g/g tissue)

Control – 56.0 ± 11.2 28.8 ± 7.0 322.7 ± 44.4
CCl4 + H2O – 1316.3 ± 169.7### 1414.8 ± 360.3### 549.5 ± 72.9###

CCl4 + ABE 0.3 947.0 ± 161.6* 948.8 ± 175.9* 448.1 ± 53.9**

1.0 895.0 ± 246.2** 908.8 ± 298.6** 408.7 ± 51.4***

Values were means ± SD (n = 8).
* P < 0.05 as compared with the CCl4 + H2O group.

** P < 0.01 as compared with the CCl4 + H2O group.
*** P < 0.001 as compared with the CCl4 + H2O group.

### P < 0.001 as compared with the control group.
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Fig. 4. Effect of ABCE on the LPS-induced protein expression of phosphorylation of I�B�, ERK 1/2, JNK 1/2 and p38 in RAW264.7 cells. RAW264.7 cells were pre-incubated for
1 h with indicated concentrations of ABCE, and then activated for 15 min with 0.1 �g/ml LPS. The ratio of immunointensity between the P-I�B� and I�B�, P-ERK 1/2 and ERK
1/2, P-JNK 1/2 and JMK 1/2, P-p38 and p38 were calculated. Values were means ± SD (n = 3). #P < 0.05, ##P < 0.01, ###P < 0.001 as compared with the control group. *P < 0.05,
**P < 0.01 as compared with the LPS + vehicle group.

in vitro. The inflammatory processes may involve the activation
of macrophages, as well as the release of inflammatory media-
tors, such as TNF-� and NO (Valatas et al., 2004), which performs
a role in the defense of the host. However, if the production of
NO spirals out of control, damage to the host cells may occur as a
result of the cytotoxic potential of NO (Kolios et al., 2006). For this

reason, NO is considered an important regulator in inflammatory
disease (Sass et al., 2001). LPS, a cell wall component of Gram-
negative bacteria, is a potent activator of macrophages (Fujiwara
and Kobayashi, 2005). When macrophages are activated through
LPS stimulation, they produce various cytokines and NO. In the
present study, ABE decreased the LPS-induced production of NO
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Fig. 5. Effects of ABE on the hepatic mRNA expression of LBP, CD14 and TNF-˛ in CCl4-treated mice. The expression levels of LBP, CD14 and TNF-˛ mRNA were measured
and quantified densitometrically. Values were normalized to GAPDH mRNA expression. Values were means ± SD (n = 8). #P < 0.05, ##P < 0.001 as compared with the control
group. *P < 00.5, **P < 0.01 as compared with the CCl4 + H2O group.

in RAW264.7 macrophages. On the basis of the bioactivity-guided
fractionation principle, we determined the potency of suppression
of NO production to be ABCE > ABBE > ABE. Therefore, ABCE was
selected to explore anti-inflammatory mechanisms at the molecu-
lar level.

The activation of the NF-�B protein plays a central role in the
process of inflammation through the regulation of genes encod-
ing proinflammatory molecules such as inducible enzyme iNOS
(Surh et al., 2001). NF-�B is located in the cytoplasm of nonstimu-
lated cells interacting with inhibitory proteins, such as I�Bs (Ghosh

Fig. 6. Effects of ABE on the hepatic mRNA expression of collagen (˛1)(I) and ˛-SMA in CCl4-treated mice. The expression levels of collagen (˛1)(I) and ˛-SMA mRNA were
measured and quantified densitometrically. Values were normalized to GAPDH mRNA expression. Values were means ± SD (n = 8). ###P < 0.001 as compared with the control
group. ***P < 0.001 as compared with the CCl4 + H2O group.
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Fig. 7. Treatment with ABE improved the histology of CCl4-treated mice liver. H.E. staining of liver sections from: (A) control group; (B) CCl4 + H2O group, showing gross
necrosis around the central vein. (C) CCl4 + ABE (300 mg/kg) group, (D) CCl4 + ABE (1000 mg/kg) group, showing a reduction in gross necrosis around the central vein.

and Hayden, 2008), but responds to inflammatory stimuli. When
I�Bs are rapidly phosphorylated and degraded (Ghosh and Hayden,
2008), this results in the release of free NF-�B dimmers (p50 and
p65) that translocate to the nucleus where they influence the tran-
scriptions of target genes. In addition, MAPKs, including ERK 1/2,
p38, and JNK subgroups (Jeffrey et al., 2007), are involved in the
activation of the NF-�B (Guha and Mackman, 2001).

ABCE inhibits the production of NO and the expression of
iNOS in macrophage cells. This inhibition appears to mediate the
suppression of NF-�B. ABCE not only abrogates LPS-induced phos-
phorylation and subsequent degradation of I�B, but also inhibits
nuclear translocation of P65 and P50, the functionally active sub-
units of NF-�B. In addition, we investigated the effects of ABCE on
p38, JNK, and ERK phosphorylation in RAW264.7 cells stimulated
with LPS, and found that these phosphorylations were suppressed
using ABCE. In addition to the suppression of NF-�B activity, ABCE
inhibits MAPK pathways and the anti-inflammatory properties of
ABCE appear to be mediated through its suppression of NF-�B and
MAPKs pathways.

In the present study, ABCE also decreased the LPS-induced pro-
duction of NO and TNF-� in isolated rat Kupffer cells. Kupffer cells
are the resident macrophages of the liver, which upon activation,
release toxic cytokines and reactive oxygen species that partici-
pate in CCl4-induced damage to the liver (Luckey and Petersen,
2001; Muriel and Escobar, 2003). Thus, agents that selectively block
Kupffer-cell activation (such as glycine) or deplete Kupffer cells
(such as gadolinium chloride) may provide an effective means to
prevent the progression of damage to the liver (Muriel and Escobar,
2003; Xu et al., 2008). Thus, researchers are encouraged to evaluate
the effects of ABE on CCl4-induced liver damage and fibrosis in mice.

It has been shown that the oral administration of CCl4 on rats
causes higher levels of serum LPS (Lorenzo-Zúñiga et al., 2006),
which could promote the hepatic synthesis of LBP (Schumann and
Latz, 2000). LBP binds to LPS, catalyzing the transfer of LPS to the

CD14/TLR4 receptor complex, found in the plasma of Kupffer cell
membrane (Su, 2002). It is well-known that LPS stimulates Kupffer
cells to secrete TNF-� by triggering the signaling of CD14/TLR4 (Su,
2002). Downregulation of CD14 expression significantly attenuates
the LPS-induced secretion of cytokines. In this study, RT-PCR meth-
ods were employed to identify changes in LBP and CD14 expression.
The expression of LBP and CD14 mRNA in the liver tissue increased
markedly when stimulated by CCl4. This is in agreement with pre-
vious studies in which the administration of CCl4 increased the
expression of LBP and CD14 in the liver (Fang et al., 2008). Treat-
ment with ABE suppressed the mRNA expression of LBP and CD14
induced by CCl4 in mice. It is possible that ABE could directly abro-
gate the actions of LPS, because the inhibitory effect of ABE on
the CD14 expression was stronger than the expression of LBP. In
addition, ABE also reduced the hepatic expression of TNF-� mRNA
induced by CCl4 in mice. The results of the in vivo study also demon-
strated that ABE inhibited hepatitis in mice via the inactivation of
Kupffer cells.

Liver fibrosis is a consequence of chronic hepatitis involving
the abnormal accumulation of extracellular matrix proteins (ECM),
particularly collagen (Tsukada et al., 2006). At the center of the
fibrogenic process are the hepatic stellate cells (HSCs) localized in
the parasinusodial space. HSCs are normally quiescent, producing
only small quantities of ECM components. When HSCs are activated
through inflammation, they undergo a morphological transition to
myofibroblast-like cells, which increasingly express �-SMA as a
characteristic of cytoskeletal protein (Gressner and Weiskirchen,
2006).

Hydroxyproline is the characteristic component of collagen
(Hanauske-Abel, 2003); thus, hydroxyproline levels reflect the
amount of collagen present. Elevated levels of collagen in the tissue
can be measured directly by the measurement of hydroxyproline
levels (Hanauske-Abel, 2003). Many studies have shown that the
levels of collagen I increase during liver fibrosis (Tsukada et al.,
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Fig. 8. Treatment with ABE improved the histology of CCl4-treated mice liver. Sirius Red staining of liver sections from: (A) control group; (B) CCl4 + H2O group, showing
micronodular formation and complete interconnection of septa with each other. (C) CCl4 + ABE (300 mg/kg) group, (D) CCl4 + ABE (1000 mg/kg) group, showing a reduction
in gross necrosis around the central vein. (E) Histogram representing image-quantitation of the mean percentage fibrosis area/total area of the liver (n = 8). ###P < 0.001 as
compared with the control group. ***P < 0.001 as compared with the CCl4 + H2O group.

2006). In our study, administration of ABE reduced the hepatic
content of hydroxyproline and decreased the hepatic expression
of ˛-SMA and collagen (˛1)(I) mRNA in CCl4-treated mice. Our his-
tological analysis also confirms that ABE reduces CCl4-induced liver
fibrosis.

Plasma ALT and AST activities are the most commonly used bio-
chemical markers of hepatitis (Sturgill and Lambert, 1997). In the
present study, plasma ALT and AST activities were noted to increase
in cases of CCl4-induced damage to the liver. ABE reduced plasma

ALT and AST activities, which had been increased through admin-
istration of CCl4. These results confirm that ABE could protect the
liver against CCl4-induced damage. Histological examination using
the HE stain also shows that ABE reduced CCl4-induced damage to
the liver.

Taken together, these results indicate that ABE protects the
mouse liver from damage caused by CCl4, by suppressing hepatic
inflammation. These results were confirmed and extended through
in vitro observation.
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