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Abstract

AIM: To evaluate the effect of Chinese traditional
medicinal prescription, JJANPI HUOXUE decoction (JHD)
on cytokine secretion pathway in rat liver induced by
lipopolysaccharide (LPS).

METHODS: Twenty-four male SD rats were divided into
normal group (7 = 4), model group (7 = 10) and JHD
group (7 = 10) randomly. Rats in model group and JHD
group were administrated with normal saline or JHD
via gastrogavage respectively twice a day for 3 d. One
hour after the last administration, rats were injected
with LPS via tail vein, 50 ug/kg. Simultaneously,
rats in normal group were injected with equivalent
normal saline. After LPS stimulation for 1.5 h, serum
and liver tissue were collected. Pathological change
of liver tissues was observed through hematoxylin-
eosin (H.E.) staining. Tumor necrosis factor alpha
(TNF-a) in serum were assayed by enzyme linked
immunosorbent assay (ELISA). The protein expression
of TNF-a, phosphorylated inhibit-kB (p-IxB) and CD68
in liver were assayed by Western blot. The distribution
of CD68 protein in liver was observed through
immunohistochemical staining. The mRNA expression
of TNF-qa, interleukin-6 (IL-6), CD14, toll-like receptor
2 (TLR2) and TLR4 in liver were assayed by real-time
RT-PCR.

RESULTS: Predominant microvesicular change,
hepatocyte tumefaction and cytoplasm dilution were
observed in liver tissues after LPS administration as well
as obvious CD68 positive staining in hepatic sinusoidal.
After LPS stimulation, serum TNF-a (31.35 + 6.06 vs
12225.40 + 9007.03, P < 0.05), protein expression of
CD68 (1.13 £ 0.49 vs 3.36 £ 1.69, P < 0.05), p-IxB
(0.01 £ 0.01 vs 2.07 £ 0.83, £ < 0.01) and TNF-a. (0.27
+ 0.13 vs 1.29 + 0.37, P < 0.01) in liver and mRNA
expression of TNF-a (1.96 + 2.23 vs 21.45 £ 6.00,
P < 0.01), IL-6 (4.80 £ 6.42 vs 193.50 + 36.36, P < 0.01)
and TLR2 (1.44 + 0.62 vs 4.16 + 0.08, £ < 0.01) in liver
were also increased significantly. These pathological
changes were all improved in JHD group. On the other
hand, TLR4 mRNA (1.22 + 0.30 vs 0.50 £ 0.15, P < 0.05)
was down-regulated and CD14 mRNA increased but not
significantly after LPS stimulation.

CONCLUSION: JHD can inhibit cytokine secretion
pathway induced by LPS in rat liver, which is probably
associated with its regulation on CD68, p-IxB and
endotoxin receptor TLR2.

© 2008 WJG. All rights reserved.
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INTRODUCTION

When activated under physiologically challenging
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conditions, such as endotoxemia or immune reactions,
macrophages release large amounts of cytokines,
interleukins and prostanoids, which may result in organ
damage. Tumor necrosis factor alpha (TNF-) is a potent
inflammatory cytokine which can exert a variety of effects
on cells ranging from mitochondrial damage and oncotic
or apoptotic necrosis to cell proliferation!". TNF-o. may
also prompt the accumulation of neutrophils (PMNs) by
activating endothelial cells™?. It can indirectly promote
toxicity by priming PMNs to release reactive oxygen and
nitrogen species and proteases that damage neatby cells™.
An overproduction of TNF-a is associated with the
development of alcoholic liver injury™. Kupffer cells, the
resident macrophages in the liver, are the major producers
of TNF-a following exposure to lipopolysaccharide (LPS),
the bactetial endotoxin™, and play an important role in
alcohol-induced liver damage®™. It has been demonstrated
that Kupffer cell-detived cytokines induced by intestinal-
derived LPS involves in the mechanism of alcoholic liver
disease (ALD)®'.

Multiple mammalian receptors for LPS have been
identified, including two glycoproteins: LPS-binding
protein (LBP) and CD14. CD14 binds to the LPS-LBP
complex and interact with a transmembrane toll-like
teceptor (TLR) responsible for signal transduction!".
TLR4 is a specific receptor for gram-negative bacterial
LPS!M, Several observations indicate that TLR2 is also
involved in LPS signaling!"*"l.

JIANPI HUOXUE decoction (JHD) consists of
eight Chinese herbs. Previously, JHD was found to
inhibit endotoxin levels and intestine or liver injury
in ALD rats induced by Lieber-DeCarli ethanol liquid
diet®?'l In the present study, we have isolated the LPS-
induced cytokine secretion pathway from the complex
conditions of ALD by employing the LPS challenging
model described previously®? to further explore the
effects of JHD on this pathway. This might provide a
new point of view on the mechanisms of JHD anti-
alcoholic liver injury.

MATERIALS AND METHODS

JHD preparation

JHD consists of _Altractylodes macroce phala Koidz. Salvia
miltiorrhiza Bge., Citrus aurantium L., Paconia [zctitlora pall.,
Pueraria lobata (willd.) Obwi, Alisma orientalis (Sam.) Juzep,
Schisandra chinensis (Turez.) Baill. and Curuma longa L.
Altractylodes macroce phala Koidz., Citrus anrantinm L. and
Curuma longa L. were distilled with ethanol to get the
volatilizable components for three times, each lasting
1-2 h. Schisandra chinensis (Turez.) Baill. was also extracted
with ethanol twice, independently, 1-2 h for each time.
The other herbs were boiled with water for three times
after being marinated in water for 1 h. The final density of
the water-extraction was 1.08-1.12 (80°C) and the watet-
extraction was purified with ethanol. Finally, the volatilized
components, ethanol-extraction of Schisandra chinensis
(Turez.) Baill. and watet-extraction wetre mixed as the JHD.
The concentration of 0.9 g crude drug/ml was used in
experiments.
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Animal and treatment

Twenty-four female SD rats weighing 200 g were divided
randomly into normal group (# = 4), model group (# = 10)
and JHD group (# = 10). Rats in model group and JHD
group were administrated with normal saline or JHD
via gastrogavage respectively, 5 mL/kg, twice a day, for
3 d. One hour after the last administration, rats in these
two groups were injected with LPS (Escherichia coli 0111:
B4, Sigma-Aldrich Co., USA) via tail vein, 50 pg/kg body
weight as described previously?'l. Simultaneously, rats in
normal group were injected with equivalent volume of
normal saline. After LPS stimulation for 1.5 h, serum and
liver tissue were collected for assay.

Histological examination

Sections of the liver sample (4 um thick) were stained
with hematoxylin-eosin (H.E.) and examined under light
microscope (Olympus Medical Systems Corp., Tokyo,

Japan).

Immunohistochemical assessment of CD68

Specimens were fixed in a 40 g/L solution of
formaldehyde in 0.1 mol/L phosphate-buffed saline (pH
7.4) and embedded in paraffin wax from which 4 um thick
sections were taken on a slide coated with poly-L-lysine
(Dingguo Ltd., Beijing, China) for immunohistochemical
assessment. Antigen retrieval was performed with 0.6%
pepsin (Dingguo Ltd., Beijing, China) at 37°C for 10 min.
The specimens were treated with 0.6% hydrogen peroxide-
methanol, following 30 min of endogenous peroxidase
blockage at 37°C. After blockage with 0.2% bovine serum
albumin (BSA, Sino-American Biotechnology Company,
Shanghai, China) for 20 min at room temperature, the
samples were incubated at 4°C overnight, with a 1:100
dilution of anti-CD68 primary antibody (monoclonal
anti-rat CD68, AbD Serotec, NC, USA). Following the
processing of the samples incubated with a 1:250 dilution
of horseradish peroxidase (HRP)-linked goat anti-mouse
IgG (sc-2031, Santa Cruz Biotechnology Inc. Santa Cruz,
CA) for 1 h at 37°C, diamino benzidine (DAB) was applied
as a chromogen and hematoxylin was used for floor
staining.

Measurement of serum TNF-o. by ELISA

Serum levels of TNF-a were determined using a
commercially available enzyme linked immunosorbent
assay (ELISA) kit (Biosource International Inc., Camarillo,
CA) according to the manufacturer’s instruction. TNF-a
was determined from a standard curve for the combination
of these cytokines. The concentrations were expressed as

pg/mL.

Determination of CD68, phosphorylated inhibit-«B (p-IxB)
and TNF-q, level in liver tissue by Western blot

As described previously™, total protein was extracted
from liver tissue and analyzed with bicinchoninic
acid (BCA) protein concentration assay kit (Beyotime
Inst. Biotechnology, Jiangsu, China). Sample protein
was separated by electrophoresis in 10% SDS-PAGE
separating gel with Bio-Rad electrophoresis system (Bio-
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Rad Laboratories, Hercules, CA, USA). The primary
antibodies (mouse anti-rat glyceraldehydes-3-phosphate
dehydrogenase, GAPDH antibody, 1:5000 dilution,
KANGCHEN Bio-Tech Inc., Shanghai, China; mouse
anti-rat CD68 antibody, 1:100 dilution, AbD Serotec,
NC, USA; mouse anti-rat p-IkB antibody, 1:500 dilution,
Cell Signaling Technology Inc., Boston, USA; goat anti-
rat TNF-a antibody, 1:500 dilution, R&D Systems Inc.,
Minneapolis, USA) were incubated at 4°C overnight.
The corresponding horseradish peroxidase-conjugated
secondary antibodies (goat anti-mouse IgG, peroxidase-
linked antibody, 1:5000 dilution, Santa Cruz Biotechnology
Inc., Santa Cruz, CA, rabbit anti goat-IgG, peroxidase-
linked antibody, 1:5000 dilution, Jackson ImmunoResearch
Laboratories Inc., PA, USA) were incubated at room
temperature. The ECL kit (Pierce Biotechnology Inc.,
Rockford, USA) and the Furi FR-980 image analysis system
(Shanghai Furi Co., Shanghai, China) were employed for
revealing and quantitative analysis of the blots. GAPDH
protein was used as the internal control.

Determination of TNF-o,, interleukin-6 (IL-6), TLR2, TLR4
and CD14 mRNA levels by real-time RT-PCR

Total RNA was extracted from liver tissues of each group
with the tissue/cell total RNA isolation kit (Watson
Biotechnologies Inc., Shanghai, China) according to the
manufacturer’s protocol. The quantity and purity of RINA
were detected by determining absorbance at 260/280
nm using a spectrophotometer (Unico Co., USA). Total
RNA was reversely transcribed into complementary
DNA (cDNA) using the cDNA synthesis kit (Fermentas
Life Sciences Inc., Maryland, USA) according to the
manufacturer’s protocol. The Rotor Gene-3000 PCR
machine (Gene Co., Hong Kong) and real-time PCR
kit (SYBR®™ Premix Ex Tag™, TaKaRa Bio Inc., Japan)
were employed based on the manufacturer’s instruction.
The specific primers for the target genes and B-actin
(synthesized by Shanghai Shenggong Co.) used are
described in Table 1.

Two-step PCR procedure was recommended as follows:
pre-denaturation for 10 s at 95°C, 1 cycle; 95°C for 5 s and
59°C for 20 s, 40 cycles. The final products wete identified
by electrophoresis in 1.5% agarose gel and melt curve
analysis. Two-standard curve method was employed in
relative quantification analysis. Briefly, after the target gene
products were emendated with internal control B-actin, the
relative fluorescence values of target products in normal
group were analysed and compared with other groups. The
final results were described with the relative values. The
calculation and analysis were performed by the software in
the Rotor-Gene RG-3000 (Gene Co., Hong Kong).

Statistical analysis

All values were expressed as mean £ SD. Comparisons
were analyzed by one-way ANOVA using the SPSS 10.0
statistical package. Differences were considered statistically
significant if the P < 0.05.

RESULTS
Effect of JHD on pathological changes of liver tissue in rats

Target Primer Target fragment

gene length (bp)

B-actin 5-TGACGAGGCCCAGAGCAAGA-3'(F) 331
5'-ATGGGCACAGTGTGGGTGAC-3'(R)

TNF-a 5-GGCAGCCTTGTCCCTTGAAGAG-3'(F) 171
5'-GTAGCCCACGTCGTAGCAAACC-3'(R)

IL-6 5'-CCACTTCACAAGTCGGAGGCTTA-3'(F) 108
5'-GTGCATCATCGCTGTTCATACAATC-3'(R)

TLR4 5'-CTCACAACTTCAGTGGCTGGATTTA -3'(F) 178
5'-TGTCTCCACAGCCACCAGATTC-3'(R)

TLR2 5-GGCCACAGGACTCAAGAGCA-3'(F) 102
5'-AGAGGCCTATCACAGCCATCAAG-3'(R)

CD14 5- GAATCCCAGTCGGAGGCGTA-3'(F) 94

5-GGAGCAAAGCCAAAGTTCCTGA-3'(R)

H.E. staining showed predominant microvesicular
change, hepatocyte tumefaction and cytoplasm dilution
after LPS stimulation in the rat liver tissues. After JHD
administration, those pathological changes of liver tissues
were ameliorated obviously (Figure 1 A1-A3).

Effect of JHD on CD68 protein expression and distribution
in liver tissue

CD68 immunohistochemical staining indicated that a spot
of positive staining existed in hepatic sinusoidal of normal
rats and obvious positive staining in the sinusoidal where
hepatic microvesicular change was predominant after LPS
stimulation. After JHD administration, the CD68 positive
staining in the sinusoidal was lightened (Figure 1 B1-B3).

Effect of JHD on serum TNF-o level of rats

After stimulation with LPS for 1.5 h, serum TNF-a
increased significantly (31.35 £ 6.06 »s 12225.40 *
9007.03, P < 0.05) and decreased obviously in JHD group
(1222540 £ 9 007.03 »s 6031.70 + 2296.56, P < 0.05)

(Figure 2).

Effect of JHD on protein expression of CD68, p-kB and
TNF-c in liver tissues

After stimulation with LPS for 1.5 h, protein expression
of CDG68, p-IxkB and TNF-a. in liver tissues were increased
significantly (CD68: 1.13 £ 0.49 »s 3.36 £ 1.69, P < 0.05;
p-IxkB: 0.01 * 0.01 25 2.07 £ 0.83, P < 0.01; TNF-ou: 0.27
T 0.13 25 1.29 £ 0.37, P < 0.01) and decreased significantly
(CD68: 3.36 £ 1.69 25 0.76 £ 0.45, P < 0.05; p-1kB: 2.07 +
0.83 »5s 0.87 + 0.83, P < 0.01; TNF-a: 1.29 + 0.37 »5 0.67
+ 0.36, P < 0.01) in JHD group (Figure 3).

Effect of JHD on mRNA expression of TNF-a,, IL-6, TLR2,
TLR4 and CD14 in liver tissues

After stimulation with LPS for 1.5 h, mRNA expression of
TNF-a, IL-6 and TLR2 in liver were increased significantly
(INF-ou: 1.96 £ 2.23 ps 21.45 + 6.00, P < 0.01; IL-6: 4.80
+ 6.42 »5 193.50 £ 36.36, P < 0.01; TLR2: 1.44 £ 0.62 vs
4.16 £ 0.08, P < 0.01) and decreased obviously in JHD
group (TNF-ou: 21.45 + 6.00 »s 11.99 £ 2.28, P < 0.01;
IL-6: 193.50 + 36.36 »s 76.12 £ 32.16, P < 0.01; TLR2:
416 £ 0.08 »s 3.11 £ 0.53, P < 0.01).

www.wjgnet.com
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Figure 2 Effect of JHD on serum TNF-o level of rats. A: Normal group; B: Model
group; C: JHD group. °P < 0.05 vs A; °P < 0.05 vs B.

On the other hand, TLR4 mRNA expression was
down-regulated (1.22 £ 0.30 »s 0.50 £ 0.15, P < 0.05)
and mRNA expression of CD14 was increased but not
significantly after LPS stimulation for 1.5 h (Figure 4).

DISCUSSION

Gut-derived LPS is the primary endogenous endotoxin of
gram-negative bacteria”. Extended ethanol exposure can
lead to gut leakage and the gut-detived LPS consequently
enter the circulation. Previous researches have confirmed
that LPS promoted the phosphorylation of inhibit-kB
(IxB), transferred the NF-xB into nuclear, consequently
promoted cytokines production in Kupffer cells, which
was involved in the pathogenesis of ALDP 122421,

In the present research, the predominant microvesicular
change, hepatocyte tumefaction and cytoplasm dilution
were observed in liver tissues after LPS stimulation, and
simultaneously, CD68, the specific antigen-molecule
on the microphage, was identified predominantly in
the sinusoidal. The protein and/or gene expression of

www.wjgnet.com

Figure 1 Effects of JHD on
pathological changes and CD68
protein expression and distribution
in liver tissue. A: HE stain (x 400);
A1: Liver tissue in normal group;
A2: Liver tissue in model group; A3:
Liver tissue in JHD group; B: CD68
immunohistochemical stain (x 200);
BA1: Liver tissue in normal group; B2:
Liver tissue in model group; B3: Liver
tissue in JHD group.
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inflammatory factors, such as TNF-a and IL-6, and the
protein expression of CDG68 and p-IkB were also increased
by LPS stimulation. On the contrary, JHD inhibited the
pathological changes significantly.

The endotoxin receptors are necessary for LPS signal
transferring. CD14, TLR4 and TLR2 have been identified
as the main endotoxin receptors!'*'.

Soluble CD14 (sCD14) exists in blood and
membrane CD14 (mCD14) anchors on the membrane
of peripheral or liver resident microphage (Kupffer
cell) through glycosylphosphatidylinositol (GPI). LPS-
LBP complex combines with mCD14 and activated cells
through TLR-4". CD14 has also been found to bind
lipoteichoic acid (LTA) and peptidoglycan (PGN) from
the cell wall of gram-positive bacteria and activate cells
through TLR2P. The expression of CD14 stimulated
by LPS was reported as a dynamic process. C Fearns
et al*® found that 1 h after intrapetitoneal injection of
LPS, CD14 mRNA was induced in the liver of mice
but not significantly, and peaked at 8-16 h. By 24 h, the
level of CD14 mRNA returned to the basal level. In the
present study, we also found that 1.5 h after injection
of LPS via tail vein, the level of CD14 mRNA increased
but not significantly, which might suggest that at this
time point, CD14 gene level did not reach the peak in
this model.

TLR4 has been proved to be the specific receptor for
the LPS of gram-negative bacterial""*!. The repotts on
TLLR4 mRNA expression stimulated by LPS were not
consistent. Matsumura T ef a/"® found when mice were
administered LPS, TLLR4 mRNA was decreased in the
brain, increased in the heart and lung and not affected in
the liver, kidney, and spleen. In the study by Choda Y ez a/*”,
TILR4 mRNA level was increased 0.5 h after intraportal
LPS administration, but decreased thereafter. Liu XW
et aP" found that 3 h after intraperitoneal injection LPS in
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Figure 3 Effect of JHD on protein expression of CD68, p-IiB, TNF-a, in liver tissue. A: Normal group; B: Model group; C: JHD group. °P < 0.05 vs A; °P<0.01vsA; P<0.05

vs B; ‘P <0.01 vs B.

mice, TT.R4 mRNA was down-regulated in liver and failed
to be detected by 6-12 h, but resumed to the basal level
by 24 h. In our research, significant decrease of TL.R4
mRNA expression was observed in liver 1.5 h after LPS
administration, which was consistent with the report by Y
Choda.

The primary ligands of TLR2 are gram-positive
bacteria-derived lipoteichoic acid (LTA), peptidoglycan
(PGN) and mycobacterial lipoarabinomannan?.
Previous reports suggested that neither human nor
murine TLR2 plays a role in LPS signaling!">*". But the
subsequent research® found that phenol repurificated
LPS did not activate cells from TLR2-mediated
signaling, but the commercially prepared LPS contained
low concentrations of highly bioactive contaminants
described previously as endotoxin protein activated
TLR2-mediated signaling. On the other hand, myeloid
differentiated protein-2 (MD-2) which is necessary
for TLR4-mediated LPS signaling was also proved to
enable TLR2 to respond to endotoxin protein-free LPS
and enhance TLR2-mediated responses to both gram-
negative bacteria and their LPSI'. Furthermore, the
cytokines induced by LPS, such as interleukin-1 beta
(IL-1B) or TNF-a., also up-regulate TLR2 mRNA of
rat hepatocyte n vivo and in vitro". As a result, LPS
from gram-negative bacteria does not induce TLR2
expression directly, but induced the commercial LPS
containing endotoxin protein indirectly. LPS-derived

cytokine and MD-2 can induce TLR2 expression greatly.
Our results also suggested that TILR? mRNA was up-
regulated significantly in liver after LPS administration.
And as expected, TLR2 mRNA in JHD group decreased
significantly.

In conclusion, the present study confirmed that the
inhibitory effects of JHD on cytokines (ITNF-a, 11.-6)
protein or gene expression induced by LPS in liver is
associated with its inhibition on the LPS-activated Kupffer
cell signal pathway, including CD68 and p-IkB protein
expression and TLLR? mRNA expression.

COMMENTS

Background

The “two-hits” theory brought about great advancement in pathogenesis research
of alcoholic liver disease (ALD). Attention has been attracted in the mechanism
of endotoxin or lipopolysaccharides (LPS) signal pathway involved in ALD. The
resident macrophage in liver, Kupffer cells, is an important target cell of LPS and
secreting cytokines. The endotoxin receptors, identified as CD14, toll-like receptor
(TLR) 4, are essential for LPS signaling.

Research frontiers

In this study, the expression of endotoxin receptors, CD14, TLR4 and TLR2 was
observed after LPS or LPS + JHD administration. The difference of endotoxin
receptors expression under similar challenge conditions is interesting, especially,
TLR4 and CD14.
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Figure 4 Effect of JHD on mRNA expression of TNF-c,, IL-6, TLR2, TLR4, CD14 in liver tissue. A: Normal group; B: Model group; C: JHD group. °P < 0.05 vs A; °P < 0.01 vs A;
°P<0.05vsB; P <0.01vsB.

herbs decoction, on anti-alcoholic liver injury, inhibiting some targets in LPS- by the findings of the study.
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