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Palmatine is an isoquinoline alkaloid from Coptis chinensis, an herbal medicine used to treat various
inflammatory diseases such as gastritis, edema and dermatitis. The present study examined the cytopro-
tective properties of palmatine on p(+)-galactosamine (GalN)/lipopolysaccharide (LPS)-induced fulminant
hepatic failure. Mice were intraperitoneally given GalN (700 mg/kg)/LPS (10 pg/kg). Palmatine (25, 50,
100, and 200 mg/kg) was administered 1 h before GalN/LPS. GalN/LPS increased the mortality and serum
aminotransferase activities. These increases were attenuated by palmatine. GalN/LPS increased hepatic
lipid peroxidation and decreased the contents of reduced glutathione. Palmatine did not affect the lipid
peroxidation and glutathione content. GalN/LPS increased the circulating levels of tumor necrosis factor
(TNF)-o, interleukin-6 (IL-6) and IL-10. Palmatine prevented the increase of serum TNF-o and augmented
that of serum IL-10. GalN/LPS treatment also increased the levels of TNF-o, IL-6 and IL-10 mRNA expres-
sion in liver tissue. Palmatine decreased the TNF-oo mRNA expression and increased the IL-10 mRNA
expression. Palmatine attenuated the apoptosis of hepatocytes, as evidenced by the TUNEL method
and capase-3 analysis. Our data suggest that palmatine alleviates GalN/LPS-induced liver injury by mod-
ulating the cytokine response and inhibiting apoptosis.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Fulminant hepatic failure is a life-threatening clinical syndrome
that results from severe impairment of liver function. Galactos-
amine (GalN) and lipopolysaccharide (LPS)-induced liver failure is
a widely used model that resembles human liver failure (Nakama
et al., 2001). Lipopolysaccharide, a major component of the outer
membrane of Gram-negative bacteria, is an endotoxin that is
thought to contribute significantly to hepatic failure (Bohlinger
et al., 1996). Galactosamine is a specific hepatotoxic agent that
depletes the uridine triphosphate pool and thereby inhibits macro-
molecule synthesis (Decker and Keppler, 1974). As a transcriptional
inhibitor, GalN potentiates the toxic effects of LPS in liver (Xiong
et al.,, 1999).

Abbreviations: ALT, alanine aminotransferase; ANOVA, analysis of variance; AST,
aspartate aminotransferase; ELISA, enzyme-linked immunosorbent assay; GalN,
galactosamine; GSH, glutathione; IFN, interferon; IL, interleukin; LPS, lipopolysac-
charide; MDA, malondialdehyde; TNF, tumor necrosis factor; TUNEL, terminal
deoxynucleotidyl transferase dUTP nicked end labeling.

* Corresponding author. Address: College of Pharmacy, Sungkyunkwan Univer-
sity, 300 Cheoncheon-dong, Jangan-gu, Suwon, Gyeonggi-do 440-746, Republic of
Korea. Tel.: +82 31 290 7712; fax: +82 31 292 8800.

E-mail address: sunmee@skku.edu (S.-M. Lee).

0278-6915/$ - see front matter © 2009 Elsevier Ltd. All rights reserved.
doi:10.1016/j.fct.2009.10.004

The toxic effects of endotoxin are exerted through the genera-
tion of endogenous cytokines. High levels of circulating tumor
necrosis factor-ot (TNF-a), interleukin (IL)-1, IL-6, IL-10, IL-12 and
interferon-y (INF-y) were reported during endotoxemia (van
Deuren et al, 1992). Most recently, it was reported that
TNF-a-induced apoptosis was associated with Fas and FasLigand
up-regulation. Within this context, neutralization of TNF-o
partially prevented GalN/LPS-induced hepatocellular apoptosis
(Kuhla et al., 2008). IL-10 is an anti-inflammatory cytokine known
to decrease circulating TNF-o and to offer protection against endo-
toxic shock (Howard et al., 1993).

Coptis chinensis (Ranunculaceae), a traditional herbal medicine,
is used as a remedy for abdominal pain, enteritis and gastritis. In
experimental animal models, such as ear edema, acetic acid-
induced capillary permeability test, and cotton pellet-induced
inflammation, C. chinensis has protective effects on acute and
chronic inflammation (Park et al.,, 2007). Total alkaloids from
C. chinensis have protective effects against gastric ulcers induced
by water-immersion stress, intragastric ethanol, acetic acid erosion
and pylorus ligation (Li et al., 2005). Palmatine is an isoquinoline
alkaloid that can be extracted and purified from C. chinensis. Palm-
atine inhibits serotonin-induced hind paw edema and acetic acid-
induced transition of vascular permeability (Kupeli et al., 2002). Its
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inhibitory effect on outward potassium currents and Ca* release-
activated Ca%* current could be one of the mechanisms by which
palmatine exerts a protective effect on isolated rat hepatocytes
(Wang et al., 2003).

The aim of this study was to investigate the hepatoprotective
effects of palmatine in fulminant hepatic failure, particularly on
the extent of inflammation and apoptosis.

2. Materials and methods
2.1. Extraction and isolation of palmatine

The powdered rhizome of C. chinensis (10 kg) was refluxed with methanol
(MeOH) for 3 h (3 x 10 L). The total filtrate was then concentrated to dryness in va-
cuo at 40 °C, in order to render the MeOH extract (2.2 kg). This extract was sus-
pended in distilled water (H,0) and then successively partitioned with methylene
chloride (CHxCl), n-butanol (BuOH), to yield CH,Cl, (230 g), n-BuOH (1.1 kg) frac-
tions, respectively, as well as H,O residue (840 g). A portion of n-BuOH fraction
(316 g) was initially chromatographed over a silica gel column using a mixed sol-
vent of EtOAc, MeOH, and H,O (EtOAc:MeOH:H,0 21:4:3 — 21:10:3 — EtOAc:-
MeOH:2% HCl 21:10:3, gradient conditions) to yield 14 subfractions (BF1-BF18).
BF02 (9.3 g) was repeatedly chromatographed over a silica gel column using a
mixed solvent of EtOAc, MeOH, and H,0 (EtOAc:MeOH:H,0 21:4:3) to yield palm-
atine (3 g). The chemical structure of palmatine was elucidated on the basis of spec-
troscopic evidences and by comparison with published data (Grycova et al., 2007;
Lee and Kim, 1997). The NMR data of palmatine were as follows.

Palmatine 'H NMR (400 MHz, CDs0D): § 9.78 (1H, s, H-8), 8.88 (1H, s, H-13),
8.10 (1H, d, J=8.0 Hz, H-11), 8.00 (1H, d, J = 8.0 Hz, H-12), 7.63 (1H, s, H-1), 7.03
(1H, s, H-4), 4.87 (2H, m, H-6), 4.19 (3H, s, 9-OCH3), 4.08 (3H, s, 10-OCH3;), 3.97
(3H, s, 2-OCH3), 3.92 (3H, s, 3-OCHs), 3.52 (2H, m, H-5); '3C NMR (100 MHz,
CD50D): 6 152.6 (C-3), 150.7 (C-10), 149.7 (C-2), 145.2(C-8), 144.5 (C-9), 138.6
(C-13a), 134.0 (C-12a), 128.9 (C-4a), 126.8 (C-12), 123.3(C-11), 122.1 (C-13b),
120.1 (C-13), 119.3 (C-8a), 111.0 (C-4), 108.7 (C-1), 61.3 (9-OCHs3), 56.4 (10-
OCH3), 56.1 (2-OCH3), 55.8 (3-OCH3), 55.4 (C-6), 26.6 (C-5); LC-ESI-MS/MS m/z
352 [M]*, 337, 322, 308.

2.2. Treatment of animals

Male ICR mice (20-22 g) were fasted overnight but given access to water ad libi-
tum. All animals were treated humanely under the Sungkyunkwan University Ani-
mal Care Committee guidelines. To induce fulminant hepatic failure with GalN/LPS,
the mice (except for the control) were injected intraperitoneally with GalN
(700 mg/kg; Sigma Chemical Co., St. Louis, MO, USA) and LPS (10 pg/kg Escherichia
coli 026:B6, Sigma) dissolved in phosphate-buffered saline. Palmatine was sus-
pended in 10% Tween 80-saline (vehicle) and administered intraperitoneally at a
dose of 25, 50, 100, or 200 mg/kg 1 h before the GalN/LPS treatment. The doses of
palmatine were selected based on previous reports (Kim et al., 2009; Xu and Ma-
lavé, 2001). Eight treatment groups were examined: The mice in group I (control)
received only vehicle. The mice in group II (palmatine) were treated with palmatine
(100 mg/kg, i.p.) dissolved in vehicle. In groups III to VIII, the mice were treated
with GalN/LPS. The mice in groups IV to VII were pretreated with palmatine (25,
50, 100 and 200 mg/kg, i.p.), and the mice in group VIII were pretreated with silym-

arin (positive control, 200 mg/kg, i.p.). The mice were sacrificed by decapitation at
1,2, 4 and 8 h after GalN/LPS injection. Blood was collected from the abdominal aor-
ta at each time point. The liver was isolated and used immediately to prepare
mRNA; both the mRNA and liver tissues were stored at —75 °C for later analysis.

2.3. Mortality and histopathological analysis

The survival rate of the mice was monitored for 24 h after GalN/LPS injection.
Liver specimens for histopathological analysis were obtained 8 h after GalN/LPS
administration. The liver sample was fixed in 10% neutral-buffered formalin, then
embedded in paraffin, sliced into 5-pum sections, and stained with hematoxylin-eo-
sin for blind histological assessment. The morphologic criteria used to determine
the degree of necrosis included portal inflammation, hepatocellular necrosis,
inflammatory cell infiltration, and loss of cell architecture. The histological changes
were evaluated in nonconsecutive, randomly chosen X200 histological fields. Apop-
totic cells were detected by the terminal deoxynucleotidyl transferase-mediated
dUTP nick-labeling (TUNEL) method using an in situ apoptosis detection kit (TaKaRa
Co., Shiga, Japan). Under microscopy, the number of TUNEL-positive cells in X200
histological fields was counted.

2.4. Serum aminotransferase activities

Plasma samples were taken from the mice at 8 h after GalN/LPS injection. The
serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) activ-
ities were determined with a Hitachi 747 automatic analyzer (Hitachi, Tokyo,
Japan).

2.5. Hepatic lipid peroxidation and glutathione contents

The hepatic lipid peroxidation levels and glutathione content were measured
8 h after the GaIN/LPS injection. The steady-state level of malondialdehyde, a lipid
peroxidation end-product, was analyzed by measuring the level of thiobarbituric
acid reactive substances spectrophotometrically at a wavelength of 535 nm accord-
ing to the method reported by Buege and Aust (1978) using 1,1,3,3-tetraethoxypro-
pane (Sigma, St. Louis, MO, USA) as the standard. The total glutathione in the liver
homogenate was determined spectrophotometrically at a wavelength of 412 nm,
with yeast glutathione reductase, 5,5'-dithio-bis (2-nitrobenzoic acid) and NADPH,
according to the method reported by Tietze (1969). The GSSG level was measured
by the same method in the presence of 2-vinylpyridine (Griffith, 1980), and the
GSH level was determined as the difference between the total glutathione and
the GSSG levels.

2.6. Serum cytokine levels

Circulating levels of the cytokines TNF-o, IL-6 and IL-10 were quantified at 1, 2,
4 and 8 h after GalN/LPS injection using commercial mouse ELISA Kits (eBioscience,
San Diego, CA, USA) according to the manufacturer’s instructions.

2.7. Reverse transcription polymerase chain reaction (RT-PCR)

Total RNA was extracted as reported by Chomczynski and Sacchi (1987). First
strand cDNA was synthesized by reverse transcription of the total RNA using the
oligo(dT) primer and SuperScript™ Il RNase H™ Reverse Transcriptase (Invitrogen
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Fig. 1. Effect of palmatine on lethality induced by GalN/LPS. GalN, galactosamine; LPS, lipopolysaccharide.
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Tech-Line™, Carlsbad, CA, USA). The PCR reaction was carried out with a diluted
cDNA sample in a 20-pl reaction volume. The final reaction concentrations were
as follows: primers, 10 pmol; dNTP mix, 250 uM; 10x PCR buffer; and Ex Taq
DNA polymerase, 0.5 U per reaction. RT-PCR was carried out with an initial denatur-
ation step at 94 °C for 5 min and a final extension step at 72 °C for 7 min in the
GeneAmp 2700 thermocycler (Applied Biosystems, Foster City, CA, USA). The ampli-
fication cycling conditions were as follows: for TNF-a, 28 cycles at 94 °C for 30,
65 °C for 30s, and 72 °C for 60 s; for IL-6, 40 cycles at 94 °C for 30s, 57.6 °C for
30s, and 72 °C for 45 s; for IL-10, 40 cycles at 94 °C for 30's, 62.9 °C for 30's, and
72 °C for 45 s; for p-actin, 25 cycles at 94 °C for 30s, 56 °C for 30's, and 72 °C for
30 s. After RT-PCR, 10-pl samples of the PCR products were visualized by ultraviolet
illumination after electrophoresis through 1.5% agarose gel and ethidium bromide
staining. The intensity of each PCR product was analyzed semi-quantitatively using

a digital camera (DC120, Eastman Kodak, New Haven, CT, USA) and analysis
software.

2.8. Caspase-3 activity

The caspase-3 activity was measured using an in vitro fluorogenic peptide sub-
strate, N-acetyl-Asp-Glu-Val-Asp-7-amino-trifluoromethyl-cumarine (DEVD-AFC;
BioMol, Plymouth Meeting, PA, USA), according to the procedure reported by Morin
et al. (2004). Eight hours after the GalN/LPS treatment, a sample of liver tissue (1 g)
was homogenized in 6 ml of buffer containing 25 mM Tris, 5 mM MgCl,, 1 mM EGTA,
and 50 pl of protease inhibitor cocktail (Sigma). The homogenate was centrifuged for
15 min at 40,000g and the resulting supernatant was collected for determining the

Fig. 2. H&E staining of livers after GaIN/LPS administration. Typical images were chosen from each experimental group (original magnification 200x). (A) Control group:
normal lobular architecture and cell structure; (B) palmatine (100 mg/kg)-treated group; (C) GalN/LPS group; multiple and extensive areas of portal inflammation and
hepatocellular necrosis, and a moderate increase in inflammatory cell infiltration; (D) palmatine (100 mg/kg) and GalN/LPS-treated group: minimal hepatocellular necrosis
and inflammatory cell infiltration, and mild portal inflammation. GalN, galactosamine; H&E, hematoxylin and eosin; LPS, lipopolysaccharide.

Table 1

Effect of palmatine on aminotransferase activities, lipid peroxidation and reduced glutathione levels in mice after GalN/LPS-treatment.

Group Dose (mg/kg i.p.) ALT (U/L) AST (U/L) Malondialdehyde (nmol/mg protein) GSH (pumol/g liver)
Control - 41.3+4.2 529+14 0.33£0.01 6.67 £0.34
Palmatine 100 49.1+5.5 53.7+33 0.35+0.02 6.23+0.39
GalN/LPS
Vehicle - 4606.4 +630.3"" 5342.7 +1304.3" 0.85+0.03"" 1.94+044"
Palmatine 25 40043 £1193.6" 42553 £964.4™ 0.81+0.11 2.30+0.38"
50 896.4+229.3"" 1304.4+3735" 0.78 +0.10™" 2.71+024"

100 276.2+78.5"" 407.4 £86.4"" 0.79 +0.09”" 2.92+0.117

200 532.7 +365.6"*" 583.8+89.9""* 0.77 £0.06™ 236+0.17"
Silymarin 200 410.1 £159.0" 697.2 £179.17"** 0.45+0.03""** 479 £0.51™"

Each value is the mean + SEM of eight animals per group. ALT, alanine aminotransferase; AST, aspartate aminotransferase; GalN, galactosamine; GSH, glutathione; LPS,

lipopolysaccharide.

* Significant differences from the control group (p < 0.05).

" Significant differences from the control group (p < 0.01).
* Significant differences from the vehicle-treated GalN/LPS group (p < 0.05).
** Significant differences from the vehicle-treated GaIN/LPS group (p < 0.01).
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caspase-3 activity. Dithiothreitol (10 mM) was added to the samples immediately
before freezing. The caspase-3 activity was assayed in a total volume of 100 pl. A
30-pg sample of cytosolic protein was incubated at room temperature for 15 min
in buffer containing 30 mM HEPES, 0.3 mM EDTA, 100 mM NaCl, 0.15% Triton X-
100, and 10 mM dithiothreitol. The reaction was initiated by adding 200 uM
DEVD-AFC and the samples were then incubated at 37 °C. The change in fluorescence
(excitation at 400 nm and emission at 490 nm) was monitored after 120 min.

2.9. Statistical analysis

Survival data were analyzed by the Kaplan-Meier curve and log-rank test. All
other data were analyzed by one-way analysis of variance (ANOVA), and the Bonfer-
roni test was used for post hoc comparisons. The differences between the groups
were considered statistically significant at a p value <0.05. The results are pre-
sented as mean * S.E.M.

3. Results
3.1. Mortality and histological change

In the GalN/LPS group, the mice began to die 6 h after GalN/LPS
injection. The mortality was 40% at 10 h and stabilized at 87% 24 h
after GalN/LPS injection. However, pretreatment with palmatine
(25, 50, 100 and 200 mg/kg) before GalN/LPS markedly reduced
the mortality. In silymarin-treated mice (positive control), the
mortality was 20% 24 h after GalN/LPS (Fig. 1). The histological
analysis of the liver in the control group revealed normal liver lob-
ular architecture and cell structure. However, livers exposed to
GalN/LPS showed multiple and extensive areas of portal inflamma-
tion and cellular necrosis and a moderate increase in inflammatory
cell infiltration. These changes were attenuated by palmatine
(100 mg/kg) treatment (Fig. 2).

3.2. Serum aminotransferase activities, lipid peroxidation and reduced
glutathione levels

In the control group, the serum levels of ALT and AST, markers
of hepatocyte necrosis, were quite low. In the GalN/LPS-treated
group, the serum levels of ALT and AST increased by approximately
112-fold and 100-fold over the control, respectively, at 8 h after
GalN/LPS injection, which indicated severe liver injury. These in-
creases were attenuated by administration of 50, 100 and
200 mg/kg palmatine and 200 mg/kg silymarin. The hepatic MDA
level was 0.33 +0.01 nmol/mg protein in the control. However,
GalN/LPS increased the hepatic MDA level by approximately 2.6-
fold over that of the control animals. The GSH level was
6.7+0.3 umol/g in control and significantly decreased to
1.9+ 0.4 umol/g 8 h after GalN/LPS treatment. Palmatine did not
affect the changes in MDA and GSH levels after GalN/LPS. In con-
trast, silymarin significantly decreased the MDA level and in-
creased the GSH level after GalN/LPS injection (Table 1).

3.3. Serum levels of cytokines

The regulatory effects of palmatine (100 mg/kg) on systemic
secretion of circulating cytokines, such as TNF-a, IL-6 and IL-10,
were examined by ELISA. As shown in Fig. 3, the serum level of
TNF-a significantly increased (845 + 106 pg/ml) 1h after GalN/
LPS, and this elevation was attenuated by palmatine treatment.
The serum levels of IL-6 and IL-10 began to increase 1h after
GalN/LPS and were maximal (3379 +767 and 605 +48 pg/ml,
respectively) after 2 h. Palmatine augmented the IL-10 level but
did not affect the IL-6 level 2 h after GalN/LPS.

3.4. TNF-u, IL-6, and IL-10 mRNA expression

As shown in Fig. 4, the hepatic level of TNF-oo mRNA expression
in GalN/LPS-treated mice was approximately 5.5-fold higher than
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Fig. 3. Effect of palmatine (100 mg/kg) on systemic secretion of TNF-a, IL-6 and IL-
10 after GalN/LPS administration. (A) TNF-o, (B) IL-6 (C) IL-10. The results are
presented as the mean S.E.M. of 8 animals per group. * ' Denotes significant
differences from the control group (p <0.01); ‘++ denotes significant differences
from the GalN/LPS group (p<0.01). GalN, galactosamine; IL, interleukin; LPS,
lipopolysaccharide; TNF, tumor necrosis factor.

that in the control mice. This increase was attenuated by palma-
tine. GalN/LPS also increased the hepatic level of IL-6 mRNA
expression by approximately 1.5-fold over the control levels.
Palmatine did not affect the increase in IL-6 mRNA expression.
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LPS group (p<0.05 and p<0.01). GalN, galactosamine; IL, interleukin; LPS,
lipopolysaccharide; TNF, tumor necrosis factor.

The hepatic level of IL-10 in the GalN/LPS group increased approx-
imately 1.13-fold compared with the control level. IL-10 mRNA
expression was augmented by palmatine treatment. Palmatine
alone did not affect the levels of TNF-u«, IL-6 and IL-10 mRNA
expression.
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Fig. 5. Effect of palmatine (100 mg/kg) on caspase-3 activity after GalN/LPS
administratjon. The results are presented as the mean +S.E.M. of eight animals
per group. * ' Denotes significant differences from the control group (p < 0.01); ‘++
denotes significant differences from the GalN/LPS group (p < 0.01). GalN, galactos-
amine; LPS, lipopolysaccharide.

3.5. Caspase-3 activity

Caspase-3 plays a central role in the execution phase of cell
apoptosis. We examined the caspase-3 activity in the cytosol frac-
tion of liver isolated 8 h after GalN/LPS treatment. As shown in
Fig. 5, GaIN/LPS significantly increased caspase-3 activity by
approximately 4-fold over the control level. However, the increase
of caspase-3 activity was attenuated by palmatine treatment.

3.6. Apoptotic cells in liver
Apoptotic hepatocytes were detected by TUNEL. The liver was

isolated 8 h after GalN/LPS treatment. In the GalN/LPS-treated
group, a large number of TUNEL-positive hepatocytes were
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Fig. 6. Detection of apoptotic hepatocytes in the liver of mice after GalN/LPS injection (original magnification 200x ). (A) Control group; (B) palmatine (100 mg/kg)-treated
group; (C) GalN/LPS group; (D) palmatine (100 mg/kg) and GalN/LPS-treated group; (E) TUNEL-positive hepatocyte. Numbers are apoptotic cells in randomly chosen
400 x histological fields. * ' Denotes significant differences from the control group (p < 0.01); ‘++' denotes significant differences from the GalN/LPS group (p <0.01). GalN,
galactosamine; LPS, lipopolysaccharide; TUNEL, terminal deoxynucleotidyl transferase dUTP nick end labeling.
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observed. However, few TUNEL-positive hepatocytes were ob-
served in livers from palmatine-treated mice (Fig. 6).

4. Discussion

Palmatine, a member of the protoberberine class of isoquinoline
alkaloids, is a bioactive herbal ingredient isolated from C. chinensis.
It has been reported that palmatine might contribute to the protec-
tive effects of Coptidis rhizoma against oxidative stress, and that it
inhibits cellular peroxynitrite generation in renal tubular epithelial
cells (Yokozawa et al., 2005). Also, palmatine exhibits hypoglyce-
mic and hypolipidemic effects (Yuan et al., 2006). However, the
protective effect of palmatine against acute liver injury has not
been studied. This study demonstrated that palmatine treatment
confers protection against GalN/LPS-induced fulminant hepatic
failure in mice.

Administration of GalN with LPS induces liver damage that clo-
sely resembles human viral hepatitis in its morphological and
functional features; this method is therefore widely used as exper-
imental liver injury model for elucidating the mechanisms of clin-
ical liver dysfunction and for evaluating the efficacy of
hepatoprotective agents (Nakama et al., 2001). In this study,
GalN/LPS-treated mice began to die at 6 h and most mice died
within 24 h after GalN/LPS injection. However, pretreatment with
palmatine before GalN/LPS markedly reduced the mortality. Fur-
thermore, at 8 h after GalN/LPS injection, liver damage, including
increases of serum ALT and AST levels, was detected. These in-
creases were attenuated by treatment with palmatine. In histolog-
ical analysis, palmatine administration significantly attenuated the
structural degeneration observed at 8 h after GalN/LPS. These re-
sults suggest that palmatine may have potential clinical applica-
tion in the treatment of liver disease.

ROS play a major role in the onset of hepatic damage in the
pathogenesis of GalN/LPS-induced hepatic failure (Xiong et al.,
1999). An ROS attack on biological membranes can lead to the oxi-
dative destruction of the polyunsaturated fatty acids in the mem-
brane through lipid peroxidation. Lipid hydroperoxides and their
breakdown products are involved in the deactivation and degrada-
tion of mitochondrial enzymes and transport proteins (Chen and
Yu, 1994). GSH serves as an antioxidant system to counteract the
deleterious effects of ROS. Hence, we analyzed the effect of palm-
atine on GSH and lipid peroxidation in fulminant hepatic failure.
In GalN/LPS-treated mice, GSH levels significantly decreased and li-
pid peroxidation increased compared with control. However,
palmatine did not affect these changes. This suggests that anti-oxi-
dative properties may be not essential for hepatoprotection by
palmatine in GalN/LPS-induced fulminant hepatic failure.

In GalN/LPS-induced fulminant hepatic failure, TNF-a plays an
important role in the inflammatory response (Enomoto et al.,
2003). TNF-a can trigger an inflammatory cascade involving the
induction of other pro-inflammatory cytokines including IFN-vy,
IL-1B and IL-6, which are essential for inflammation and conse-
quent liver damage (Tiegs et al., 1989). TNF-a release is closely fol-
lowed by enhanced secretion of IL-10 as a counter-regulatory
cytokine. Studies have demonstrated that IL-10 can protect mice
from lethal endotoxemia concomitantly or following LPS challenge
(Bean et al., 1993; Howard et al., 1993). In the present study, the
serum levels of TNF-a and IL-6 increased in the GalN/LPS-treated
group and the increase in TNF-o was attenuated by palmatine.
The serum level of IL-10, an anti-inflammatory cytokine, increased
in GalN/LPS-treated mice and this increase was augmented by
palmatine. Similar to serum levels of TNF-a, IL-6 and IL-10, the lev-
els of TNF-a, IL-6 and IL-10 mRNA expression increased compared
with those in control. Palmatine attenuated the increase in TNF-o
mRNA and augmented the increase in IL-10 mRNA expression.

These results suggest that palmatine largely regulates the GalN/
LPS-induced production of TNF-o0 and IL-10 at the transcriptional
level.

TNF-o induces apoptosis in a variety of cell types. In the liver,
TNF-a-induced apoptosis is thought to contribute to viral and alco-
holic hepatitis, fulminant hepatitis, and injury from hepatotoxins
(Yamada et al., 2008). TNF-a is a key cytokine that induces massive
apoptosis of hepatocytes in mice with GalN/LPS-induced fulminant
hepatic failure (Arvelo et al., 2002; Nakama et al., 2001). TNF-a-in-
duced apoptosis is mediated by TNF receptors (TNFR-1) (Luedde
and Trautwein, 2006). TNFR-1 recruits the adaptor protein
Fas-associated protein with death domain (FADD) via homotypic
interactions of the death domain. FADD contains a death effector
domain that recruits and cleaves procaspase-8, resulting in homo-
dimerization and activation (Malhi et al., 2006). Caspase-8 then
triggers the activation of caspase-3, a downstream cysteine pro-
teinase, through multiple apoptosis signal pathways (Hishinuma
et al.,, 1990). In this study, the activity of caspase-3 and the number
of apoptotic hepatocytes increased after GalN/LPS injection and
these increases were attenuated by palmatine. These results sug-
gest that anti-apoptotic properties may be one mechanism by
which palmatine protects against GalN/LPS-induced liver damage.

In conclusion, palmatine attenuates mortality and liver injury in
fulminant hepatic failure by inhibiting the inflammatory response
and apoptosis. Thus, we propose that palmatine might be useful as
a potential therapeutic medication for attenuating the fulminant
hepatic failure.
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