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Matrine inhibits production and actions of fibrogenic cytokines

released by mouse peritoneal macrophages’
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ABSTRACT

AIM.: To study the effects of matrine (Mat) on produc-
tion and actions of fibrogenic cytokines from mouse peri-
toneal macrophages. METHODS: Mouse peritoneal
macrophages were primed with calcimycin 1 pmol/L for
8 h then elicited by lipopolysaccharides (LPS) 100 pg/L
for 6 h 1o induce fibrogenic cytokines. Proliferative and
collagen stimulating activity in the macrophage culture su-
pernatants was determined by crystal violet staining assay
and [*H |-proline incorporation assay using rat hepatic
stellate HSC-T6 cell or mouse fibroblast NIH3T3 cell.
Transforming growth factor 8 (TGFB) activity was mea-
sured by [*H]-thymidine incorporation assay using Mv-1-
Lu mink lung epithelial cell. RESULTS: Mat (0.5-2
mtnol/L) was shown to significantly inhibit LPS-induced
collagen stimulating activities and TGFS production ( P <
0.01) whereas did not inhibit proliferative activities in-
duced by macrophages. Macrophage conditioned medi-
um {MCM)-driven proliferation and collagen synthesis of
HSC-T6 cells as well as NIH3T3 cells were attenuated by
Mat (0.5 — 2 mmol/L) in a concentration-dependent
manner. CONCLUSION: Antifibrotic effects of Mat
on hepatic stellate cells may be related to reduction of fi-
brogenic cytokine production and blockade of their ac-
tions.

INTRODUCTION

Liver fibrosis is characterized by two major events:
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proliferation of hepatic stellate cells (HSC) and increased
synthesis of extracellular matrix (ECM), particularly col-
lagen. It is a common pathophysiological process of
chronic liver diseases to liver cirrhosis. Monocytes/
macrophages have been postulated to play an important
role in the development of fibrosis of Liver that was in-
jured by viral infection, alcohol, and various drugs.
Fibrotic liver injuries result in activation of macrophages
and release of fibrogenic cytokines, such as platelei de-
rived growth factor (PDGF), transforming growth factor
betal (TGFR,), and many stimulating factors, which
activated HSC, stimulated ECM synthesis, and dimin-
ished matrix degradation that resulted in a net matrix ac-
cumulation. This constitutes the final common pathway
in all forms of liver fibrosis!"»?), Therefore, manipula-
tion of these cytokines may provide a novel therapeutic
avenue for treatment of this disease either by reducing en-
dogenous cytokine production or blocking the actions of
these fibrogenic cytokines.

Matrine (Mat), an alkaloid found in species of
Sophra plants in Leguminosae , has been used in treai-
ment of chronic liver disease. It has been shown that
Mat reduced liver fibrosis in a rat hepatotoxic model®*),
but the mechanisms of its action were still unknown.
The present report described the effect of Mat on the
fibrogenic cytokine production by mouse peritoneal
macrophages, and action of macrophage conditioned
medium ( MCM )-driven proliferation and collagen syn-
thesis of HSC-Té cells') and NIH3T3 cells.

MATERIALS AND METHODS

Reagents Mat (mp 75.5-77.5 C, purty
>99 %) was obtained from Yanchi Phammaceutical Fac-
tory, Ningxia, China. Lipopolysaccharides ( LPS,
E coli 0111 :B4) and caicimycin were from Sigma (St
Louis, USA). Dulbecco’s modified Eagle’s medium
{DMEM) was from Gibco BRL (Kardsruhe, Germany) .
[*H]-Proline and [*H]-thymidine were purchased from
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China Institute of Atomic Energy and Shanghai Institute
of Nuclear Research, Chinese Academy of Sciences.

Animals and cell lines ICR mice, ¢, weigh-
ing (28+3) g, were from the Anmimal Center of Second
Military Medical University ( Grade [l , Cenificate No
28-48).

HSC-Té cell, an immortalized rat myofibroblast
line, which had the stable phenotype and biochemical
characters, was kindly provided by Dr SL Friedman
(Liver Center Laboratory, San Francisco General Hospi-
tal, USA), NIH3T3 fibroblast and Mv-1-Lu mink lung
epithelial cells were from Shanghai Institute of Cell Biolo-
gy, Chinese Academy of Sciences. All the cells were
cultured in DMEM with 10 % calf seram at 37 € in 2
humidified atmosphere of 5 % COsx + 95 % air.

Induction of fibrogenic cytokines from
macrophages  Peritoneal exudate cells (PEC) were
obtained from thioglycollate-injected ICR mice. The cell
suspension was adjusted to 2 % 10°/L in DMEM contain-
ing 10 % calf serum and calcimycin 1 pmol/L, and dis-
pensed at 1 mL per well in 24-well microplate. Afier
8-h incubation, the cells wete washed with culture medi-
um, and stimulated with LPS 100 pg/L in the presence
or absence of Mat for 6 h to induce fibrogenic cytokines.
The supematants were collected and assayed for the mito-
genic and collagen stimulating activity in HSC-T6 cells.

The macrophage conditioned medium (MCM) was
prepared as described below. The cells were primed with
calcimycin and elicited by LPS, then washed with PBS
three times and incubated with DMEM for 24 h. The
suspernatants were pooled and stored until use.

Cell proliferation Proliferative  activity in
macrophage culture supemnatants was evaluaied by crystal
violet assay's). HSC-T6 cells (1 x 10* per well) were
seeded in 96-well microplate and incubated for 24 h.
Serial diluted supematants were added to the wells. Af-
ter a 48-h incubation, cell density was measured and ex-
pressed as Aggs at 1:8 dilution,

To test the effect of Mat on MCM-driven prolifera-
tion of HSC-T6 cells or NIH3T3 cells, the culture
medium was replaced with DMEM supplemented with
0.4 % calf serum and incubated for 48 h. Mat and
MCM (1:4, v/v} were then added simultanecusly and
incubated for another 24 h.

Collagen synthesis Collagen stimulating activity
was measured by [®H ]-proline incorporation assay'® .
HSC-T6 cells (3.5 x 10* per well) were incubated in
DMEM with 10 % calf serum, ascorbic acid 50 mg/L,
together with the serial diluted supernatants for 24 h, and

labeled with [¥H]-proline 7.4 kBq per well for an addi-
tional 24 h. The cells were harvested and the radicactiv-
ity was counted in a liguid scintiflation couonter. Colla-
gen stimulating activity was expressed as Bq at 1:8 dilu-
tion .

To test the effect of Mat on MCM-driven collagen
synthesis of HSC-T6 cells or NIH3T3 cells, the culture
medium was replaced with DMEM supplemented with
2 % calf serum, MCM (1:4, v/v} and ascotbic acid 50
mg/L with or without Mat .

Bioassay for transforming growth factor B
TGEp activity was monitored by Mv-1-Lu target cell pro-
liferative inhibition assay'™. Mv-1-Lu cells (2.5 x 10*
per well) were seeded and imcubated in 96-well mi-
croplate for 24 h, then incubated with sample dilution se-
ries for 36 h. o assess cell profiferation, {*H]-thymi-
dine 7.4 kBq per well was added and incubated for a fur-
ther 12 h. The cells were then harvested onto glass
fibers and the radioactivity incorporated into DNA was
measured using a scintillation counter. TGF]3 activity
was expressed as Bq at 1:8 dilution.

Statistics Data were analyzed by ANOVA and
t-test, and expressed as x + 5.

RESULTS

Effects of matrine on proliferative activity,
collagen stinmlating activity, and TGFB produc-
tion by macrophages Exposure of mouse peritoneal
macrophages to Mat (0.5 - 2 mmol/L.) markedly
inhibited PS-induced collagen stimulating activities and
TGFj production in a concentration-dependent manner,
but Mat at all concentrations studied did not affect prolif-
eralive activities induced by macrophage (Tab 1).

Effect of matrine on proliferation of MCM-
stimulated HSC-T6 cells and NIH3T3 cells The
macrophage-conditioned medium (1 :4) markedly en-
hanced proliferation of rat hepatic stellate HSC-T6 cells
and mouse fibroblast NIH3T3 cells, with a proliferation
rate of 39.2 % and 86.0 % respectively {P <0.01}.
Mat significantly attenuated MCM-driven HSC-T6 cell
proliferation at the concentration of 1 and 2 mmol/L
{ P <0.01), while exposure of NIH3T3 cells to Mat re-
sulted in a concentration-dependent proliferative suppres-
sion (Tab 2).

Effect of matrine on collagen synthesis in
MCM-stimulated HSC-T6 cells and NIH3T3 cells
MCM (1:4) significantly induced collagen synthesis of
HSC-Té cells and NIH3T3 cells, with an increase rate of
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Tab 1, Effects of matrine on LPS-induced proliferative
activity, collagen stimulating activity, and TGFB produc-
tion by mouse peritoneal macrophages primed with cal-
cilnycin. Proliferative activity and collagen stimulating
activity were assessed as crystal violet and [*H]-proline
uptake by HSC-T6 cells, and TGFP activity as inhibition of
[3H]-thymidine uptake by Mv-1-Lu cells. n=4. Xz s.
P < 0.05, P <0.01 vs matrine 0 mmol-L-!.

Matrine/ A Collagen stimula- TGER activity,
mmol L~ ¥o ting activity/Bg Bq
0 1.24:£0.06 264+ 13 19+4
0.5 1.20+0.03 200+ 10° 23+2.9°
1.0 1.19£0.03* 185+ 26.4+£2.6
2.0 1.2420.01* 16326 K1 o
Tab 2. Effect of matrine on macrophage conditioned

medium (MCM)-driven proliferation of rat hepatic stellate
HSC-T6 cells and mouse fibroblast NIH3T3 cells. Prolif-
eration was assessed by crystal violet assay and expressed
as Ags. n=6wells. xzxs. P>0.05 P<0.01 vs
control (without matrine].

Matrine/ Asss

mmol* L~} HSC-T6 NIH3T3
Medium 0.7410.01 0.50+0.05
Control 1.03£0.09 0.93£0.01
0.25 1.01 20.09 0.94£0.10°
0.50 0.97 0,09 0.84+0.05°
1.00 0.91+£0.10° 0.79+0.08°
2.00 0.82£0.10° 0.56 £0.04°

106.1 % and 72.6 % respectively (P<0.01). Ma
reduced the MCM-driven collagen synthesis in a concen-
tration-dependent manner. Mat (2 mmol/L) totally
blocked the collagen stimulating effect of MCM (Tab 3).

Tab 3. Effect of matrine on MCM-driven collagen synthe-
sis of HSC-T6 cells and NIH3T3 cells. Collagen synthesis
was assessed as [*H]-proline uptake. n=6. %z s.
P50.05, P <0.05, P<0.01 vs control (without ma-
trine} .

Matrine/ [*H]-proline upiake/Bq

mmol-L~! HSC-T6 NIH3T3
Medium 169+ 71 174221
Control 348+ 68 30025
0.25 357+ 62" 313+28°
0.50 268 + 38" 240 +13°
1.00 224 £ 55° 185+ 14°
2.00 151 £ 5° 155+ 6°

DISCUSSION

Cytokines synthesized and secreted by macrophages
have been shown to be involved in the pathogenesis of
hepatic fibrosis. They exert different effects on hepatic
stellate cells, For example, PDGF, tumnor necrosis fac-
tor a, and interleukin-le appear to stimulate HSC prolif-
eration, whereas TGF3; may inhibit HSC proliferation but
potentiate the stimulatory effect of PDGF. In addition,
TGFR, primarily enhances the synthesis of extracellaluar
matrix®~ ) Therefore, we focused on macrophage
conditioned medium as a stimulating factor to study the
in vitro antifibrotic effect of Mat. Our results demon-
strated that under the present experimental conditions, ex-
posure of HSC-T6 cells to MCM resulted in enhancement
in both proliferative activity and collagen synthesis capac-
ity, with an increase rate of 39.2 % and 106.1 % re-
spectively. These were similar to those cbtained with
cultured rat hepatic lipocytes and Kupifer cell conditioned
medium!?.  Exposure of fibroblast NIH3T3 cells to
MCM had a greater effect on proliferation (86.0 %) and
weaker effect on collagen synthesis (72.6 %) compared
to the results obtained from HSC-T6 cells. These differ-
ent reactions may contribute to the different physiological
properties of myofibroblast and fibroblast. Treatment
with Mat decreased MCM-driven proliferation and colla-
gen synthesis of HSC-T6 cells and NIH3T3 cells in a con-
centration-dependent manner.  Monocyte-conditioned
medium from monocytes of patients with liver disease is
fibroproliferative and this fibroproliferation can be blocked
by PDGF antibody''>. PDGF accounts for 50 % —
70 % of the total macrophage-derived mitogenic activity
and TGF, is primarily responsible of collagen synthesis.
Mat completely prevents PDGF- and TGEp,-stimulated
proliferation and collagen synthesis at a high concentra-
tion™ . These effect may partially explain the blocking
effect of Mat on the macrophage and hepatic stellate cell
communication.

Mat has been shown to inhibit TNF3, IL-1, and
IL-6 production in vitre and in vivo'®™  In the pre-
sent study, treatment of macrophages with Mat dimin-
ished the collagen stimulating activity and TGER released
by macrophage. These results indicated that Mat could
suppress the fibrogenic cytokine production .

In summary, the present sidy suggested that the in-
hibitory effects on the fibrogenic cytokine production and
actions by matrine might be one of the imporiant aspects
of its antifibrotic mechanisms.
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