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Artemisia capillaris has been widely used as a traditional herbal medicine in the treatment of liver dis-
eases. However, no previous study has investigated whether A. capillaries alone is effective in treating
pathological conditions associated with cholestatic liver injury. In the present study, we evaluated the
anti-hepatofibrotic effects of A. capillaris (aqueous extract, WAC) in a bile duct ligation (BDL)-induced

l(engrqs: o cholestatic fibrosis model. After BDL, rats were given WAC (25 or 50 mg/kg) or urosodeoxycholic acid
ég(flrgéi:éicsapl”ms Thunb (UDCA, 25 mg/kg) orally for 2 weeks (once per day). The serum cholestatic markers, malondialdehyde,

and liver hydroxyproline levels were drastically increased in the BDL group, while administering WAC
significantly reduced these alterations. Administering WAC also restored the BDL-induced depletion of
glutathione content and glutathione peroxidase activity. Cholestatic liver injury and collagen deposition
were markedly attenuated by WAC treatment, and these changes were paralleled by the significantly
suppressed expression of fibrogenic factors, including hepatic alpha-smooth muscle actin («-SMA),
platelet-derived growth factor (PDGF), and transforming growth factor beta (TGF-3). The beneficial effects
of WAC administration are associated with antifibrotic properties via both upregulation of antioxidant
activities and downregulation of ECM protein production in the rat BDL model.

© 2012 Elsevier GmbH. All rights reserved.
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1. Introduction in particular has shown dramatic hepatoprotection in chemical-

induced liver injury models (Lee et al., 2007; Wang et al., 2012).

Artemisia is a diverse genus of plants with 400 species belong-
ing to the family Asteraceae, with most herbs having strong aromas
and bitter tastes arising from the presence of terpenoids and
sesquiterpene lactones (Herrmann et al., 2011). The representative
species of the Artemisia are Artemisia annua Linne and Artemisia
capillaris Thunberg. A. capillaris has been used as a traditional
medicine to treat liver diseases including hepatitis, jaundice, and
fatty liver in Asian countries (Jang, 1975). A. capillaris and its major
constituents such as phenolic acids, coumarins, flavonoids, and 4-
hydroxyacetophenone have been known to have pharmacological
activity against viral infection (Seo et al., 2010), oxidative stress
(Hong and Lee, 2009), and obesity (Hong et al., 2009). A. capillaris
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Liver fibrosis is characterized by the excessive accumulation of
extracellular matrix (ECM) such as type I and type IV collagen dur-
ing most chronic injuries such as viral, alcoholic, metabolic, and
biliary disorders (Haber et al., 2008; Pinzani and Rombouts, 2004).
In particular, cholestatic liver diseases exacerbate the retention
and accumulation of directly or indirectly toxic hydrophobic bile
salts in the liver by the abnormal flux of bile acids and bilirubin
(Faubion et al., 1999). Cholestasis is known to cause inflammatory
reactions, excessive oxidative stress (Chen et al., 2009), and finally,

periductular fibrosis (Webster and Anwer, 1998). The number of
patients exhibiting metabolic disorders with hepatic cholestasis
and cholestatic liver fibrosis is increasing (Mormone et al., 2011).

Therapeutics for cholestatic diseases and hepatic fibrosis are there-
fore urgently required; however, a potent drug has not yet been
developed. To date, experimental evidence and clinical experiences
have supported the hepatoprotective ability of A. capillaris and
herbal formulae containing the plant (Lee et al., 2007; Wang et al.,
2010), but no studies have explored whether A. capillaris is effective
in treating the pathological conditions associated with cholestatic
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liver injury. Bile duct ligation (BDL) is a suitable model for research
to evaluate therapeutic efficacy in animal cholestatic liver injury
(Liu et al., 2001).

This study aimed to elucidate the efficacy of A. capillaris against
BDL-induced cholestatic liver injury using an aqueous extract
(WAC) and the possible mechanisms corresponding to its effects.

2. Materials and methods
2.1. Preparation of WAC and UHPL-MS analysis

Dried A. capillaris was obtained from the Jeong-Seoug Orien-
tal Medicine Company (Daejeon, Korea). 100g of fully dried A.
capillaris was boiled in 1 L of distilled water for 30 min and concen-
trated at 60°C for 120 min. After filtration and lyophilization, the
final yield was 3.2% (w/w). The extract was dissolved in distilled
water before use; the remainder was stored at —70°C for future
use. To verify the reproducibility of WAC and quantity analysis of
main components of A. capillaries, ultra high-performance liquid
chromatography (UHPLC) using scoparone, chlorogenic acids (3-
O-caffeoylquinic acid, 4-O-caffeoylquinic acid, 5-O-caffeoylquinic
acid), and quercetin was performed. Briefly, 2.5 mg of WAC were
dissolved in 1 ml of 50% methanol, and the samples were filtered
and analyzed by LTQ-Orbitrap XL linear ion trap mass spec-
trometer system (Thermo Scientific Co., PA) equipped with an
electrospray ionization source. The UHPLC separation was per-
formed with an Accela UHPLC, using an Acquity BEH C18 (1.7 um,
100 mm x 2.1 mm, Waters) column. Mobile phase A was water and
B was acetonitrile, and both phases contained 0.1% formic acid. The
gradient elution was performed at a flow rate of 0.3 ml/min with
the following conditions: 0-2 min 5% B (isocratic), 2-20 min 5-40%
B (linear gradient).

2.2. Animals

Thirty-seven Sprague-Dawley rats (6-week-old male,
230-250g) were purchased from a commercial animal breeder
(Koatech, Korea). Rats were acclimated to an environmentally
controlled room at 2242°C, 55% 4 10% relative humidity, and a
12 h light/dark cycle. Rats were fed commercial pellets (Koatech)
and tap water ad libitum for 1 week. This animal experiment was
approved by the Institutional Animal Care and Use Committee
of Daejeon University (DJUARB2011-19-2) and was conducted in
accordance with the Guide for the Care and Use of Laboratory Ani-
mals published by the U.S. National Institutes of Health (Bethesda,
MD).

2.3. Bile duct ligation (BDL) operation and experimental schedule

After a midline laparotomy was performed under anesthesia
with ketamine (100 mg/kg body weight), the common bile duct
was ligated at two points (just below the junction of the hepatic
duct and before the entrance of the pancreatic duct) with 4-0 nylon
sutures (AILEE Co., Ltd., Korea). Then, the midpoint of the bile duct
was cut, followed by careful suturing of the peritoneum and mus-
cle layers as well as the skin wound as described previously (Gross
etal., 1987). In sham-treated rats, an abdominal incision was made
without ligation of the common bile duct.

BDL- and sham-operated rats were maintained on a standard
rat pellet diet and tap water ad libitum for 3 days. The rats were
randomly divided into five experimental groups: (1) sham group
(6, without BDL and treated with distilled water), (2) BDL group
(9, with BDL and treated with distilled water), (3) WAC 25 group
(7, with BDL and oral administration of WAC at 25 mg/kg), (4)
WAC 50 group (9, with BDL and oral administration of WAC at
50 mg/kg), and (5) ursodeoxycholic acid (UDCA) group (6, with

BDL and administration of UDCA at 25 mg/kg). Distilled water,
WAC, or UDCA was given by gastric gavage once daily for 14 days.
Dose of WAC used as in our previous study (Wang et al., 2012),
experimental duration was based on Georgiev et al. (2008). Body
weight was recorded once a week. After the last drug adminis-
tration, the animals fasted for 18 h, and blood collection from the
abdominal aorta and liver removal were performed under ether
anesthesia.

2.4. Complete blood count and serum biochemical analysis

Complete blood counts were performed with a blood cell
counter (Hemavet; CDC Technologies Inc., Oxford, CT) using small
amounts of blood mixed in EDTA. Serum was prepared follow-
ing blood clotting. The serum levels of total protein, albumin,
total bilirubin, aspartate transaminase (AST), alanine transaminase
(ALT), alkaline phosphatase (ALP), total cholesterol, high-density
lipoprotein (HDL), and triglyceride were determined using an auto-
analyzer (Chiron, Emeryville, CA).

2.5. Histopathological and immunohistochemical analyses

For the histopathological evaluation, liver tissues were fixed
in 10% formalin or Bouin’s solution and embedded with paraf-
fin. Hematoxylin and eosin (H&E) staining and Masson’s trichrome
staining were performed according to standard procedures. For
immunohistochemistry, sections were incubated with a-smooth
muscle actin (a-SMA) or 4-hydroxynonenal (4-HNE) primary anti-
body (1:200; Abcam, Cambridge, UK) and biotinylated secondary
antibody (Nichirei Biosciences, Tokyo, Japan), followed by the
avidin-biotin-peroxidase complex. The immunoreactive signal
was developed by their substrates, DAB (3,3’-diaminobenzidine)
and AEC (3-amino-9-ethylcarbazole) (Abcam). The slides were
counterstained with Mayer’s hematoxylin (Sigma-Aldrich, St.
Louis, MO) and examined under an optical microscope (Leica
Microsystems, Wetzlar, Germany).

2.6. Determination of hydroxyproline and malondialdehyde
(MDA)

Ten percent (w/v) homogenate of liver was prepared using
0.15M KCl, followed by centrifugation at 3000 rpm for 15 min.
Liver collagen was estimated by measuring hydroxyproline con-
tent as described previously (Fujita et al., 2003). Malondialdehyde
(MDA) levels in the liver tissues and serum were determined by the
thiobarbituric acid reactive substances (TBARS) assay as described
previously (Mihara and Uchiyama, 1978).

2.7. Determination of total glutathione (GSH) and
GSH-peroxidase (GSH-px), GSH-reductase (GSH-rd), superoxide
dismutase (SOD), and catalase activities in liver tissues

Radioimmunoprecipitation assay (RIPA) buffer-based liver tis-
sue homogenates were centrifuged at 10,000 x g for 15 min. Total
GSH content was determined according to the Ellman method
(Ellman, 1959). GSH-px, GSH-rd, and SOD activities were mea-
sured with a GSH-px cellular activity assay kit (Sigma-Aldrich), a
GSH-rd assay kit (Sigma-Aldrich), and a SOD assay kit (Dojindo
Laboratories, Kumamoto, Japan), respectively, according to each
manufacturer’s protocol. Catalase activity was determined using
a previously described method (Beers and Sizer, 1952).
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2.8. Isolation of RNA and gene expression analysis using real-time
PCR

Total RNA was extracted from liver tissue samples with Tri-
zol reagent (Molecular Research Center, Cincinnati, OH). The
cDNA was synthesized from RNA (2wg) in a 20 pL reaction
using a High-Capacity cDNA reverse transcription kit (Ambion,
Austin, TX). The primers for a-SMA, NADPH oxidase 1 (NOX-1),
platelet-derived growth factor (PDGF)-f3, transforming growth
factor (TGF)-B, collagen type 1 alpha 1 and 2 (Col1A1 and
Col1A2), tissue inhibitor of metalloprotease 1 and 2 (TIMP-1
and TIMP-2), and 3-actin were as follows (5 — 3’, forward and
reverse): «a-SMA (NM.031004), AACACGGCATCATCACCAACT
and TTTCTCCCGGTTGGCCTTA; NOX-1 (NM.053683), ACTCC-
CTTTGCTTCCTTCTTGA and GCACCCGTCTCTCTACAAATCC; PDGF-3
(NM_031524), ACCACTCCATCCGCT-CCTTT and TGTGCTCGGGTCAT-
GTTCAA; TGF-B (NM.021578), AGGAGACGGA-ATACAGGGCTTT
and AGCAGGAAGGGTCGGTTCAT; Col1A1 (NM_053304), CCCAG-
CGGTGGTTATGACTT and GCTGCGGATGTTCTCAATCTG; Col1A2
(NM.053356), CC-CAGAGTGGAAGAGCGATT and GCTGCGGAT-
GTTCTCAATCTG; TIMP-1 (NM.053819), CGACGCTGTGGGAAATGC
and CTCCTCGCTGCGGTTCTG; TIMP-2 (NM_021989), CCCA-
GAAGAAGAGCCTAAACCA and GTCCATCCAGAGGCACTCA-TC;
and -actin (NM_031144), CTAAGGCCAACCGTGAAAAGAT and
GACCAGAGGCATACAGGGA-CAA. Reactions were performed with
12.5 L of iQ SYBR Green Supermix, 1 L of 10 pmol/l primer pair,
10.5 pL of distilled water, and 1L of cDNA. Each PCR run was
performed under the following conditions: initial denaturation at
95 °C for 5 min and 40 amplification cycles of denaturation at 95°C
for 1 min, annealing at 58 °C for 40s, and elongation at 72 °C for
40ss, followed by a single fluorescence measurement.

2.9. Statistical analysis

The results are expressed as the means =+ standard deviation
(SD). Statistical significance of differences between groups was
analyzed by one-way analysis of variance (ANOVA), followed by
Student’s unpaired t-test. In all analyses, P<0.05 or P<0.01 indi-
cated statistical significance.

3. Results
3.1. Identification of WAC constituents

We performed a comparative analysis of the levels of its
constituents using UPLC-MS analysis. Each peak in the UPLC
trace was verified by comparison of retention time (RT) to the
standard. As shown in Fig. 1, three isomers of chlorogenic acid
(3-0-caffeoylquinic acid, RT 3.57 min; 5-O-caffeoylquinic acid, RT
5.95 min; 4-0-caffeoylquinic acid, RT 6.50 min) and quercetin (RT,
10.07 min) were detected in the UPLC chromatogram. We found
a compound at RT 12.21 similar to the scoparone standard (RT
12.11 min), but it was determined to be a different compound from
scoparone by mass spectrum analysis.

3.2. Effects on hematological parameters and organ weights

The complete blockage of the common bile duct induced a sig-
nificant inflammatory reaction and an enlargement of the liver
and the spleen after 14 days. WAC treatment produced a slight
reduction in hepatomegaly and splenomegaly, but these reductions
were not statistically significant (P>0.05, Table 1). UDCA did not
show any effect on the hematological parameters or organ weight.
The peripheral white blood cell (WBC) count and platelet num-
ber were drastically increased by 4-fold and 1.5-fold, respectively,
and the differential count (neutrophils, lymphocytes, monocytes,
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Fig. 1. UPLC-MS analysis results of 4 identified compounds of Artemisia capillaris
water extract (WAC). (A) UPLC chromatogram at 325 nm. Mass spectrum of 3-O-
caffeoylquinic acid at RT 3.57 min (B), 5-O-caffeoylquinic acid at RT 5.95 min (C),
4-0-caffeoylquinic acid at RT 6.50 min (D), and quercetin at RT 10.07 min (E).

eosinophils, and basophils) was predominantly shifted toward neu-
trophils (from 18.0% to 60.6%). WAC administration (50 mg/kg)
significantly ameliorated these alterations in total WBC, differen-
tial count, and platelet number, compared to those of the BDL group
(P<0.05).

3.3. Effects on serum biochemistry and hepatic antioxidative
parameters

The BDL procedure completely blocked bile flow as evidenced
by the radical 70-fold elevation of serum total bilirubin. The serum
AST and ALT, two key biomarkers of hepatocyte injury, drastically
increased by approximately 8- and 5-fold, respectively, and the
serum levels of total cholesterol and triglycerides also increased
by approximately 2-fold and 5-fold, respectively. No significant
change in the HDL level was observed after BDL or WAC admin-
istration. However, WAC administration significantly inhibited the
hepatocyte damage as shown by the reduction of both AST (P<0.05
by 50 mg/kg) and ALT (P<0.05 by 25 mg/kg). In addition to, WAC
administration (50 mg/kg) significantly reduced the elevation of
total bilirubin (P<0.05), total cholesterol (P<0.05), and triglyce-
rides (P<0.01). UDCA (25 mg/kg) also significantly reduced the
increase in both total cholesterol and triglycerides (P<0.01 for
each), but no such effect was observed on total bilirubin, AST, or ALT
(Table 2). 14 days of BDL significantly distorted the GSH content and
the GSH-px/rd activities compared to the sham group, while WAC
treatment significantly reduced the alteration of total GSH content
and GSH system enzyme activities (P<0.05 or <0.01, Table 2). SOD
and catalase activities were slightly increased by BDL, and both
were significantly augmented by WAC administration (P<0.01 in
each group). The UDCA treatment showed positive effects similar
to WAC treatment, except SOD activity (Table 2).
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Table 1
Organ weights and hematological parameters.

Groups Sham (n=6) BDL (n=7) WAC 25 (n=5) WAC 50 (n=8) UDCA 25 (n=4)
Body mass (g) 292.1 £ 125 265.2 + 16.1 260.8 £ 9.5 262.6 £ 22.6 250.6 £+ 24.5
Liver mass (g) 83+0.8 17.9 + 1.0%# 16.6 + 2.1 157 £ 34 185+ 3.5
Liver/body mass (%) 29+03 7.0 £ 0.9%# 6.4 +£09 6.1+13 6.9+04
Spleen mass (g) 0.8 + 0.1 1.9 + 0.4%# 1.6 £ 0.1 1.7 +£05 1.6 £ 0.4
WBCs (x103/pL) 6.9 + 1.7 28.4 + 3.3*# 26.37 + 4.7 223 4+ 6.5 248 + 2.2
Neutrophils (%) 18.0 £ 2.1 60.6 + 3.9%# 52.8 £ 52 499 + 14.1° 56.0 + 3.7
Lymphocytes(%) 76.2 £ 2.6 34.7 + 3.6%# 38.1 +5.0° 39.9 + 13.6 385429
Monocytes (%) 58+ 0.7 55+ 1.8 8.6+ 04" 7.7 + 3.0 7.0+ 2.0
Eosinophils (%) 0.1+0.1 0.5 + 0.1## 02 +0.1" 03 +02" 0.4 +0.1
Basophils (%) 0.02 + 0.03 0.07 + 0.03* 0.05 + 0.03 0.05 + 0.03 0.09 + 0.07
RBCs (x106/pL) 85+03 88+14 8.0 + 0.6 7.8 £0.9 8.2 +0.7
PLTs (x10%/pL) 109.1 +£ 9.6 160.6 + 25.5%# 159.0 + 7.3 120.5 + 32.2° 156.0 + 14.2

After BDL, rats were pretreated with WAC (25 or 50 mg/kg), UCDA (25 mg/kg), or distilled water once a day for 2 weeks. Data were expressed as the mean =+ SD.

# P<0.05 compared with the sham group.
## P<0.01 compared with the sham group.
" P<0.05 compared with the BDL group.
™ P<0.01 compared with the BDL group.

Table 2
Serum biochemistry and hepatic antioxidative parameters.

Groups Sham (n=6) BDL (n=7) WAC 25 (n=5) WAC 50 (n=8) UDCA 25 (n=4)
T. bilirubin (mg/dL) 0.1 +0.0 7.0 £ 0.9%# 6.5+ 0.7 49 + 25 6.2+ 1.1
AST (IU/L) 69.5 + 6.8 519.6 + 77.8%# 356.6 + 191.0 369.0 + 103.1 492.3 + 99.0
ALT (IU/L) 18.5 4+ 3.2 108.3 + 18.7## 70.0 + 33.4° 91.6 + 53.1 91.0 + 284
ALP (IU/L) 77.8 £17.5 315.4 + 42.1%* 283.2 + 137.6 347.0 + 144.8 295.3 + 46.0
TC (mg/dL) 54.3 + 10.2 99.2 + 6.3*# 96.6 + 14.4 80.6 + 15.5° 79.7 £ 45"
HDL (mg/dL) 354+ 49 31.1 + 5.4%# 358 + 9.4 389472 412+ 134
TG (mg/dL) 26.0 + 5.2 126.1 + 6.7## 120 + 134 942 + 164" 101.2 £ 9.87
Total GSH (mM/mg proteins) 13.0 + 2.1 9.0 + 1.2## 8.7+35 105 + 3.1° 121 +£1.2°
GSH-px (U/mg proteins) 489 + 15.5 32.1 + 6.5% 93.1 +37.6° 143.1 £ 61.9" 557 £ 11.1°
GSH-rd (U/mg proteins) 222 +26 184 + 1.2* 20.7 2.1 23.8 £3.7" 22.1+43
SOD (U/mg proteins) 102.7 + 11.4 146.9 + 10.5* 1573 £ 5.5 1839 + 17.77 155.6 + 28.2
Catalase (U/mg tissue) 2114 + 604 2696 + 316 2980 + 258" 3337 £ 419" 3833 + 384"

After BDL, rats were pretreated with WAC (25 or 50 mg/kg), UCDA (25 mg/kg), or distilled water once a day for 2 weeks. Data were expressed as the means & SD. TC: total
cholesterol; HDL: high-density lipoprotein; AST: aspartate transaminase; ALT: alanine transaminase, ALP: alkaline phosphatase; T. bilirubin: total bilirubin; GSH: glutathione;
GSH-px: glutathione peroxidase; GSH-rd: glutathione reductase; SOD: superoxide dismutase.

# P<0.05 compared with the sham group.
## P<0.01 compared with the sham group.
" P<0.05 compared with the BDL group.
™ P<0.01 compared with the BDL group.

3.4. Effects on MDA content and antioxidant enzymes in liver
tissue

To explore the mechanisms corresponding to the hepatopro-
tective and anti-hepatofibrotic effects of WAC, we determined the
parameters for oxidative stress. Immunochemistry staining against
4-HNE demonstrated the lipid peroxidation inside cells, and BDL
treatment strongly enhanced the 4-HNE expression compared to
the sham group (Fig. 2A and B). BDL after 14 days induced oxida-
tive stress, as demonstrated by remarkably large increases of serum
NO concentration and lipid peroxidation (measured using MDA) in
serum and hepatic tissues by approximately 2-fold (Fig. 2F and G).
However, WAC or UDCA administration showed a significant inhi-
bition of 4-HNE staining (Fig. 2C and D), NO production, hepatic
lipid peroxidation (P<0.05, Fig. 2G).

3.5. Effects on hepatic fibrosis

WAC has hepatoprotective activity against the cholestatic con-
dition, in accordance to histopathological findings by H & E staining.
Anincrease in abnormal hepatic activity, including cellular destruc-
tion and infiltration of lymphocytes, was shown in BDL group
while WAC administration markedly reduced these histological
distortions (Fig. 3A). Masson’s trichrome staining showed the
development of moderate hepatic fibrosis, which was likely ECM

accumulation around the Glisson’s sheath, and area of periportal
and portal tracts (Fig. 3B). By immunohistochemical staining, BDL
increased a strong positive signal for «-SMA around area of peripor-
tal and portal tracts compared with the sham group. This signal was
obviously diminished by WAC or UDCA administration (Fig. 3C).

3.6. Effects on the expression of fibrogenic mediators in liver
tissue

BDLdrastically increased the hydroxyproline content of the liver
compared with the content in the sham livers (P<0.01). How-
ever, WAC administration significantly attenuated the elevation of
hydroxyproline, in a dose dependent manner (P<0.05 in WAC 50
group) (Fig. 4A). Real-time PCR analysis revealed that BDL drasti-
cally upregulated the fibrogenic cytokines (a-SMA, PDGF-[3, TGF-j3,
Col1A1, Col1A2, TIMP1, and TIMP2) and NOX-1 in hepatic tis-
sues (Fig. 4). These mRNA levels were significantly normalized by
WAC administration. Especially, BDL-induced o-SMA expression
was markedly attenuated by WAC administration as shown in his-
tological findings (P<0.01 by 50 mg/kg). Two fibrogenic cytokines,
PDGF-f3 and TGF-f3, were significantly increased by 7- and 4.2-fold
inthe BDL group (Fig. 4D). However, WAC and UDCA administration
significantly attenuated the production of both fibrogenic cytokines
compared with the levels in the BDL group (P<0.01 in WAC 50
group).
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Fig. 2. Determination of oxidative stress markers in the BDL model. Two weeks after BDL, hepatic tissues were evaluated by immunohistochemistry for 4-HNE (A-E). All
photos are at 400x magnification. Determination of NO (F) and MDA (G) in serum and liver was performed as described under Section 2. ##P<0.01 compared with sham
group; *P<0.05 compared with BDL group.

Sham BDL WAC 25 UDCA 25

Masson’s
trichome

Fig. 3. Histopathological findings of liver tissue in the BDL model. Two weeks after BDL, hepatic tissues were evaluated by staining of H&E (A) and Masson'’s trichrome (B),
and by immunohistochemistry for a-SMA (C). All photos are at 100x magnification. Arrow: liver injury; asterisk: collagen deposition; open arrow: a-SMA expression; C:
central vein; P: area of periportal and portal tracts.
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Fig. 4. Hydroxyproline and mRNA expression levels of fibrotic cytokines. Two weeks after BDL, the protein levels of hydroxyproline (A) in hepatic tissues were analyzed by
ELISA. Hepatic mRNA expression levels of a-SMA (B), NOX-1 (C), TGF-3/PDGF-f3 (D), collagen type IA1/2 (E), and TIMP-1/2 (F) were determined by quantitative RT-PCR. Data
are expressed as averages + SD (fold change relative to sham group). ##P<0.01 compared with sham group; *P<0.05, **P<0.01 compared with BDL group.

4. Discussion

Recently, cholestatic fibrosis has been increasingly recognized
as a cause of high morbidity and mortality in humans (Haber et al.,
2008). Therefore, many pharmacological approaches for cholestatic
disorders and hepatic fibrosis have been investigated (Dhiman and
Chawla, 2005). For thousands of years, A. capillaris has been tradi-
tionally used in the treatment of various liver diseases. An aqueous
extract of A. capillaris inhibits ethanol-induced cytokine secretion
and cytokine-induced cytotoxicity/apotosis of hepatocytes (Koo
et al., 2002). A. capillaris contains a variety of active compounds,
including flavonoids (capillarisin and quercetin), flavonoid glyco-
sides (hyperoside), phenolic compounds (chlorogenic acid), and
coumarins (esculetin and scoparone) (Choi et al., 2011; Jang et al.,
2006; Mase et al., 2010). A. capillaris and its main constituents have
been shown to have antioxidative, anti-inflammatory, and hep-
atoprotective properties in chemical-induced chronic liver damage
(Lee et al., 2007, 2008; Mase et al., 2010). In the present study, we
found three isomers of chlorogenic acid (3-O-caffeoylquinic acid,
5-0-caffeoylquinic acid, 4-0O-caffeoylquinic acid) and quercetin.
However, scoparone, a well-known constituent of A. capillaris, was
not detected in our chromatogram analysis. To identify the spe-
cificcompounds at RT 11.20-12.21, additional studies using nuclear
magnetic resonance (NMR) are recommended.

To provide support of A. capillaris extract as a potential drug
candidate for cholestatic hepatofibrosis, the present study adopted
a BDL model in rats. After 14 days, the BDL group showed marked
increases of 2- to 70-fold in serum AST, ALT, total cholesterol,
triglycerides, and total bilirubin. The retention of bile salts in
the liver resulted in hepatocyte damage arising from a rapid
inflammatory response including the activation of Kupffer cells

and the accumulation of leukocytes (Saito and Maher, 2000;
Schmucker et al, 1990). Our result demonstrated that serum
markers of hepatic tissue injury were significantly attenuated in
the WAC or UDCA groups compared with the BDL group. UDCA,
a positive control in our study, has been widely used for patients
with cholestatic disease or gallstones (Paumgartner et al., 1994).
Therefore, these results suggest that WAC has hepatoprotective
activity against the cholestatic condition.

The BDL model was known to cause notable oxidative stress,
which is one of main contributors in the pathogenesis of liver injury
and fibrotic progression (Alptekin et al., 1997; Desmet et al., 1995).
In the present study, BDL promoted oxidative stress, as evidenced
by elevated serum NO concentration and lipid peroxidation (MDA)
in serum and hepatic tissues. However WAC administration sig-
nificantly reduced these changes. MDA is a biomarker for lipid
peroxidation generated by ROS, which are critically controlled by
NOX, the reduced form of NADPH oxidase (Cui et al., 2011; Levitan
et al., 2010). NO is a typical indicator of reactive oxygen species
(ROS), and lipid peroxidation is an indicator of oxidative stress in
the BDL model (Alptekin et al., 1997; Desmet et al., 1995; Fujita
et al., 2003). Immunochemistry staining against 4-HNE demon-
strated the lipid peroxidation inside cells (Poli and Schaur, 2000),
and BDL treatment strongly enhanced the 4-HNE expression com-
pared to the sham group. Inflammatory cells such as neutrophils
release ROS, which induce collagen production (Casini et al., 1997);
WAC administration significantly inhibited these inflammatory
cells. The remarkable upregulation of NOX-1 expression from BDL
by up to 4-fold and the suppressive action of WAC on NOX-1
gene expression in hepatic tissue strongly supports the pharma-
cological action of WAC. NOX-1 plays an important role in the
control of free radical production as a catalytic subunit of the
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superoxide-generating NADPH (nicotinamide adenine dinucleo-
tide phosphate) oxidase of phagocytes in liver tissue (Cui et al.,
2011; Levitan et al., 2010). Liver is susceptible to oxidative stress,
and thus hepatic tissue equips well-organized non-enzymatic and
enzymatic defense systems against oxidative stress (Sies, 1997).
BDL significantly depleted the GSH content and the GSH-px and
GSH-rd activities; however, WAC treatment significantly restored
the levels. SOD and catalase activities were slightly increased in BDL
groups, and both were significantly augmented by WAC adminis-
tration. This phenomenon might be a compensative response to the
BDL-induced oxidative stress and the depletion of the GSH defense
system (Abraham et al., 2012).

It is well known that most chronic injury of hepatic tissue ulti-
mately leads to liver fibrosis (Iredale, 2001). We found that BDL
markedly induced the development of moderate hepatic fibro-
sis, which was likely ECM accumulation surrounding the hepatic
vein and in the small connection between the veins, as deter-
mined by Masson’s trichrome staining. The severity of fibrotic
change was very similar with other studies (Poli, 2000). In addi-
tion, BDL-induced hepatic fibrosis was demonstrated based on the
activation of hepatic stellate cells (HSCs) and a drastically high
level of hydroxyproline content of up to approximately 3.5 times
normal. The hydroxyproline level usually reflects the amount of
connective tissue such as collagen in the liver, and the cellular
characteristic of liver fibrosis is the activation of HSCs, represented
by an immunohistochemical response against a-SMA (Bataller and
Brenner, 2005).

In general, liver fibrosis is believed to be an unbalanced conse-
quence of dynamic production and degradation of ECM by HSCs,
and it is critically influenced by pro-fibrogenic and anti-fibrogenic
cytokines such as PDGF-3, TGF-f3, and matrix metalloproteinases
(MMPs) (Bataller and Brenner, 2005; Dai and Jiang, 2001). In our
study, real-time PCR analysis revealed that BDL drastically upre-
gulated the fibrogenic cytokines including PDGF-3, TGF-3, Col1A1,
Col1A2, TIMP1, and TIMP2 in hepatic tissues. PDGF-3 and TGF-3
are the most well-known fibrogenic cytokines to activate quiescent
HSCs to produce collagens inside liver (De Minicis et al., 2007). TGF-
[ is also known to suppress the GSH synthesis in HSCs and primary
hepatocytes (De Bleser et al., 1999; Sanchez et al., 1997), which s in
accordance to the reduction of the GSH system in this experiment.
The genes Col1A1 and Col1A2 encode the major component of type
I collagen, which is an essential component of the accumulated
ECM in hepatic fibrosis, whereas TIMP1 and TIMP2 are inhibitors
of MMPs, working as anti-fibrotic cytokines by resolving the ECM
(Bellayr et al., 2009; Friedman, 2008). WAC and UDCA treatment
significantly attenuated abnormal gene expressions. These effects
were in accordance with previous results of herbal formulae con-
taining A. capillaris (Lee et al., 2007).

Taken together, we conclude that A. capillaris can be used as
an anti-hepatofibrotic remedy, especially in cholestatic liver disor-
ders, and the responsible mechanisms may involve the regulation
of oxidative stress-associated enzymes and fibrogenic cytokines.
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