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Salvianolate inhibits proliferation and endothelin release in

cultured rat mesangial cells!

b A

XU Man, WANG Yi-Ping®, LUO Wei-Bo, XUAN Li-Jiang ( Shanghai Institute of Materia Medica . Shanghai Insti-
tutes for Biological Sciences . Chinese Acadeny of Sciences, Shanghoi 200031, China)

KEY WORDS
cell division; endothelins; cytotoxicity

salvianolale; glomerular mesangium;

ABSTRACT

AIM: To study the effects of salvianclate, an aqueous
extract of Radix Salviae Miltiorrhizae, on the proliferation
and endothelin release of cultured rat mesangial cells.
METHODS: The proliferation of mesangial cells was
determined in terms of [:’Hthymidjne uptake. The con-
centration of endothelin was measured by radioimmunoas-
say. The cytotoxicity of salvianclate was tested by tetra-
zolium (MTT) and lactic dehydrogenase { LDH) assay.
RESULTS: Lipopolysaccharide (LPS) 10 mg/L in-
creased the proliferation and endothelin release in cultured
mesangial cells.,  When mesangial cells pretreated with
3, 10, and 30 mg/L of salvianolate were incubated for
4 h with LPS, salvianolate exhibited a concentration de-
pendent inhibitory effect on proliferation and endothelin
levels in the mesangial cells induced by LPS. Further-
more, the increased basal levels of mesangial cells prolif-
eration and the endothelin release were also effectively
inhibited by salvianclate 30 mg/L at 4, 8, and 12 h.
Besides, no cytotoxicity of salvianolate was observed.
CONCLUSION; These results indicate that salvianolate
can inhibit mesangial cells proliferation, which may be
related to the decrease of endothelin release.

INTRODUCTION

Radix Salviae Miltiorthizae, a traditional Chinese
medical herb known as “Danshen”, has been widely used
in clinics to improve blood circulation, relieve blood sta-
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In addition. it has been
reported to have vasodilator, hypotensive. anticoagulant,
and antibacterial activites and have a beneficial eifect in
rats with chronic renal failure!®) . Salvianolate is an
aqueous extract, which is isolated from Radix Salvise
Milttorthizae. It is demonsirated in a4 rat meodel of
adenine-induced chronic renal failure {CRF) that sal-

vianolate improved renal function by decreasing the serum

sis and eliminate swelling, eic.

levels of urea nitrogen and creatinine, and also inhibited
the increase in the mean glomerular volunie and the base-
ment membrane thicknesst™ .

Mesangial cells (MC) are contractile cells that share
features with smooth muscle cells and pericytes, which
take part in the regulation of the glomerular hemodynam-
ics, the processing of macromolecules and immunocom-
plexes. Several vasoactive substances. such as endothe-
lin, platelet-activating factor (PAF}. and cytokinins,
may affect MC functions by stimulating cell proliferation.
contraction or matrix production'™ .  Mesangial cell
proliteration has also been observed to contribute to the
development of glomerular pathology'”’ .

Endothelin is a potent vasoconstricior peptide of
21-amino-acid residues originally isolated and purified
from the supernatant of cultured porcine aortic endothelial
cells™.  Recent studies have documented that besides
aottic endothelium, glomerular and endothelial cells from
renal vessels in culture also constitutively express pre-
proendothelin gene and release the corresponding peptide
in the cell supematant'’ . In addition to its vasoactive
properties, endothelin has a mitogenic effect on mesangial
cells in culture'® . By virtue of its vaspaclive and mito-
genic properties, endothelin may play a major role in the
control of renal hemodynamics in normal and diseased
conditions.  Endothelin could be produced by phagocytic
cells and B lymphocytes in response to lipopelysaccharide
(LPS) and other bacterial products'® .

The purpose of this study was 1o investigate the ei-
fects of salvianolate on the proliferation and the endothelin
release in cultured rat mesangial cells.
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MATERIALS AND METHODS

Reagents  Salvianolate was provided by Depart-
ment of Biotechnology of this institute.  Lipopolysaccha-
ride was obtained from Sigma Chemical Co { St Louis,
MO, USAJ. Dulbecco's Modified Eagle Medium
(DMEM ), fetal bovine serum, penicillin sodium and
streplomycin were from Gibeo ( Grand Island, NY ).
Endothelin radioimmunoassay kit wus purchased from
Dongya Biotechnology Co {Beijing, China). LDH kit
reagent was purchased from Jiangcheng Biotechnology Co
{ Nangjing, China}.
quality available.

Preparation and analysis of salvianolate Saj-
vianolate was isolated and purified from an aqueous ex-

wract of Radix Salviae Miliorrhizae produced in China, as
116,

All other reagents were of high

described previously Through chromatography test,
salvianolale contain 80 % magnesium lithospermate B and
the chemical structure of this compound is shown in Fig

1.

HQ

Fig 1. Structural formula of magnesium lithospermate.

Preparation of mesangial cells and cell cul-
ture Rat mesangial cells were prepared by the method
of Albrighison ef a/'"''.  Glomeruli were isolated from
Wistar rats (male, 150 ~ 200 g, SPF Grade, Certificate
No 69 - 003, from the Department of Experimental Ani-
mals, Shanghai Institute of Materia Medica) by succes-
sive mechanical sieving (150 and 30 um) treated with
300 kU/L collagenase. Cell colonies were subcultured
in & mm culture dishes, and grown routinely in
Dulbecco’s Modified Eagle Medium ( DMEM), supple-
mented with 10 % fetal calf serum {FCS). penicillin
sodium (0.66 mg/L), streptomycin (60 mg/L) . insulin
(5 mg/L}, transferrin (0.66 mg/L), and amphotericin
B (2.5mg/L) in3 % CO; at 37 T. Mesangial cells
surrounding the glomeruli were removed using cloning
rings and were cultured under the above conditions.
Cells between the 5th and 15th passage were used for the
expenments.

Measurement of [*H] thymidine incorpora-

tion in mesangial cells For studies of [*H ]Jthymidine
incorporation, mesangial cells were grown in 24 well
dishes (30 000 cells per well}. When the cells were at
or near confluence. fresh medium, conditoned, cultured
medium without fetal calf serum was added. The dishes
with various concentrations of salvianolate and LPS were
incubated at 37 C for 4. 8, and 12 h.  As a positive
control, a subset of cells were exposed to DMEM only.
After incubation, 7.4 x 10" Bg/L of *H’ thymidine was
added to each well for 6 h. Each well was then washed
four times with ice-cold PBS and 1.0 mL of Hanks solu-
tion without calcium or magnesium.  Trypsin/BGTA was
then added 1o detach the cells.
for cell counts before adding 1 mL of 20 % trichloro-
acetic acid (TCA). Following a 60-min incubation at
4 T, the TCA-insoluble fraction was collected on glass
fiber filters using a cell fractionator and the radivactivity

An aliguot was removed

determined using liquid scintillation spectrometry.

Measurement of endothelins The primary cul-
wre medium was discarded and dishes were washed twice
with PBS. Next, fresh, conditioned, culiured medium
without fetal calf serum was added. The dishes with
various concentrations of salvianolate and LPS were incu-
bated at 37 T for 4, 8, and 12 h. The addition of
DMEM alone was treated as a control group.  The medi-
um was subsequently collected and the production of
endothelins by cultured mesangial cells was meusured by
radioimmunoassay kit.

Evaluation of cell viability The cytotoxicity of
savialonate was evaluated via both the reducing activity of
MTT and the amount of lactic dehydrogenase (LDH) re-
leased. For the MTT test, mesangial cells grown in
96-well plates (1 x 10* cells per well) were incubated in
the medium containing savialonate (3, 10, 30 mg/L) for
12h. The medium was subsequently discarded and the
cells were incubated for additional 24 h in 10 % FCS
medium. This medium was then exchunged for 100 1L
of a medium containing 0.5 gL MTT and incubated for
4 h. DMSO 100 pL was subsequently added to each
well to dissolve formazan crystals; the absorption at 550
nm was measured. For the LDH release test, mesangial
cells grown in 96-well plates (3 x 10 cells per well) were
incubated for 12 h in a medium containing salvianolate
(3, 10, 30 mg/L). The medium was then collected
and the cells were lysed with 1 % Triton X-100. LDH
activity was measured with an LDH assay reagent.  The
percentage of LDH release was caleulated from the ratio
of LDH aclivity in the mediom to the sum of the LDH
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aclivity in the medium and in the cell lysate-™
Statistical analysis Dala were represented as
The results were analyzed using dunnett ¢-test to
determine significance.  Student’s f-test was employed
for analyzing the effect of salvianolate on the basal
mesangial cell proliferation and endothelin release. A
difference of P <0.05 was considered to be significant.

X+g,

RESULTS

Effects of salvianolate on cell viability The
viability of cultured mesangial cells were evaluated by the
reducing activity of MTT and by the amount of LDH
release.  After a 12-h of incubation, the number of
formazan crystals reduced by mesangial cells and LDH
released from the cells was not significantly affected by
salvianolate or LPS (Tab 1),

Tab 1. Effect of salvianolate with or without LPS on cell
viability. n =10 in MTT test and n = 8 in LDH release
test, xts.
MTT LDH release
7 Agy, /%
Control 0.52+0.4 30110
Salvianolate 130 mgsL} 0.5 +0.07 H=x3
Salvianolate (3 mg/L}
+LPS (10 m-L) G5l 0.4 33206
Salvianolate { 10 mg/L) -
TLBS (10 merL) 00.52 £ 0.06 3111
Sabvianolate {30 mg/L) 0.53%0.08 33+4

+LFS (10 mg-L)

Effects of salvianolate on mesangial cell pro-
liferation induced by LPS When mesangial cells
were incubated with or without the presence of LPS 10
mg/L for 4 h, the effect of salvianolate on mesangial cell
proliferation was examined in terms of * *H  thymidine in-
corporation.  In Fig 2A, compared 1o normal control.
LPS significantly increased the mesangial cell proliferation
(P <0.01) and salvianolate dose-dependently suppressed
LPS-induced mesangial cetl proliferation ( P <0.01 in 30
mg/L). The ICy(the concentration that produces half
of the maximal inhibitory effect) was 26.1 mg/L and 95
% confidence limit was 19.4 —43.1 mg/L.

Effects of salvianolate on endothelin release
from mesangial cells induced by LPS  When
mesangial cells were incubated in the presence of LPS
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Fig 2. Effects of salvialonate {Sall on rat mesangial

cells induced by LPS. A) Effects of salvialonate on
LPS-induced proliferation in rat mesangial cells. B}
Effects of salvialonate on LPS-induced endothelin re-
lease in rat mesangial cells. Rat mesangial cells were
treated with or without LPS 10 mg L in the medium
conlaining various concentrations of salvialonate for
4h. n=3. xzs. "P<0.05 P<0.01 vs normal
control. P <0.01 vs LPS 10 mg/L.

10 mg/L for 4 h, the concentration {ng/L.) of endothelin
in the conditioned medium tnereased from 5.18 £0.28 1o
0.4320.18 (n=10, P <0.01). After mesangial cells
were prefreated with 3, 10, and 30 mg/L salvianolate,
the concentration of endothelin in the conditioned medium
was significantly decreased ( P < 0.01 in salvianolate 30
mg/L groups). The decrease in endothelin levels was in
a concentration dependent manner { As shown in Fig 2B).
Our  results  indicate that inhibited
LPS-induced endothelin release from rat mesangial cells.
Effects of salvianolate on basal proliferation
of mesangial cells Salvianolate 30 mg/L elffectively
inhibited the proliferation of culured rat mesangial cells
after the 4-h incubation without LPS {Fig 2A)., When
mesangial cells were incubated with salvianolate 30 mg/L
for 8 h and 12 h, salvianolate also effectively suppressed
the proliferation with time (As shown in Fig 3A).  After
4-, 8-, and 12-h incubation with salvianolate, the mesan-
227 %,

salvianolate

gial cell proliferation was inhibited by 10.7 % .
and 27.4 %, respectively.
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Fig 3. Effects of salvialonate on rat mesangial cells
without LPS. A) Effects of salvialonate on basal
mesangial cells proliferation. B) effects of salvialonate
on basal endothelin release in mesangial cells. Mesan.
gial cells were treated with salvialonate 30 mg/L for 4,

8, and 12 h. — control; [ salvianolate 30 mg/L. =
=3, x+s5. "P<0.05, P<0.01 vs conirol at 4 h.
P <0.01 vs control at 8 h. 'P<0.01 vs control at
12 h.

Effects of salvianolate on basal endothelin
release from mesangial cells When mesangial cells
were incubated without the presence of LPS for 4, 8, and
12 h, the endothelin concentration (ng/L} also increased
significantly. compared to the 4-h incubation, from
5.45+0.21 t07.12+0.15 and 8.11 +0.21.  As shown
in Fig 2B, salvianolate 30 mg/L inhibited the endothelin
release from mesangial cells after a 4-h incubation { P <
0.05). And after 8- and 12-h incubation, the increased
basal endothelin release was effectively decreased by sal-
vianolate 30 mg/L respectively o (5.81 £ 0.20) ng/L
and (6.03+0.16} ng/L {Fig 3B,

DISCUSSION

Our results of this study showed for the first time,
salvianolate inhibited the LPS-induced mesangial cells
proliferation. Moreover, the basal increased prolifera-
tion of the mesangial cells was also effectively suppressed
by salvianolate, which was consistent with the reperted
study for magnesium lithospermate BU'™ . It was re-
ported that the proliferation of mesangial cells play an im-
portant role in the regulation of renal function. Several

hormones, growth factors. and inflammatory cytokines
have been shown to modulate mesangial cell turnover in
culture,  indicating an

important  implication  in

nephropathies associated with mesangial cells prolifera-

tion- 1180

Salvianolate can suppress the proliferation of
the mesangial cells in the LPS-induced renal pathophysi-
ology. which may be the molecular mechanism that
salvianolate improve the renal function in chronic renal
failure rats.

It has been reported that the aqueous extract of Radix
Salviae Miltiorrthizae can improve renat failure in rats-'
The results
of this experiment showed a marked inhibitory effect of

and 11 modulates the vasoconstrictor effect.

salvianolate on the release of endothelin from rat mesan-
gial cells. Endothelin is known to possess a proliferative
effect and as a potent vasoconstrictor '™ Though the
mechanism of the inhibition of endothelin released by sal-
vianolate 1s not clear now, the current results suggest thal
salvianolate can strongly inhibit the endothlin release in
cultured mesangial cells, which agree well with our previ-
ous work in renal failure rats* .

Several researchers have reported that endothelins,
especially endothelin-1, stimulates DNA synthesis, cell
division. and hypertrophy in rat mesangial cells'"!.  The
mechanism by which ET-1 produces this potent prolifera-
tion synergism is yel 1o be established and it may involve
both the opening of cell membrane voltage-gated Ca®”
channels and activation of phospholipase C''"* . Our pre-
vious work showed that salvianolate reduced plasma en-
dothelin and calcium content of renal coriex in adenine-
induced renal failure rats. We further found salvianolate
inhibited the free cylosolic calcium concentration in
LPS-induced mesangial cells (data not shown) .

These results taken f(ogether suggesied that sal-
vianolate suppressed the mesangial cells proliferation and
inhibited the endothelin release.
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