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Abstract

The effects of magnesium lithospermate B, a component of Salviae Miltiorrhizae Radix,
on the proliferation of mesangial cells were determined in terms of the *H-thymidine uptake.
When magnesium lithospermate B was added to the medium of mesangial cell culture, it
markedly suppressed the proliferation of mesangial cells in a dose-dependent manner, indicat-

ing a direct corroboration of the renal effects.
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Abbreviations ACE, angiotensin converting enzyme ; ANF, atrial natriuretic factor ; D-
val MEM, minimum essential medium with D-valine substituted for L-valine ; FCS, fetal calf
serum ; GFR, glomerular filtration rate ; PBS, phosphate-buffered saline ; PGE,, prostaglandin
E.; RBF, renal blood flow ; RPF, renal plasma flow; TGF-g, transforming growth factor

beta.

Introduction

Chronic glomerulonephritis, the most com-
mon renal disease, is histologically characterized
by the proliferation of mesangial cells. Various
studies have been carried out to elucidate the
mechanisms of such proliferation. It has been
suggested that platelets or factors derived from
the monocytic system or phagocytes are deeply
involved in the progression and aggravation of
this disease, and many factors promoting the
proliferation of mesangial cells have been found
among these cells.l'Z) On the other hand, there is
no sufficient information on factors suppressing
the proliferation of mesangial cells; only a few
factors such as atrial natriuretic factor (ANF),
cAMP, heparin (-like substance), prostaglandin
E, (PGE,) and transforming growth factor beta
(TGF-4) are known.” Recently, Powell et al”
have reported that angiotensin converting enzyme

(ACE) inhibitors, which are commonly used for
the treatment of hypertension, suppress the prolif-
eration of smooth muscle cells present in injured
vascular walls, awakening expectation for their
prophylactic effects on arteriosclerosis, cere-
brovascular disorder and ischemic cardiac dis-
ease. Takama et al” have also pointed out the
possibility that ACE inhibitors not only improve
systemic hemodynamics in glomerulonephritis
through their hypotensive effect,but also act
directly on glomeruli to suppress the proliferation
of mesangial cells, preventing the progression of
glomerulonephritis. We have previously demon-
strated the magnesium lithospermate B, a compo-
nent of Salviae Miltiorrhizae Radix (a traditional
Chinese medicinal herb known as “Dan Shen”),
exerts an action similar to that of captopril, and
that this action is enhanced by the combined use
of captopril.m Our findings suggest that magne-
sium lithospermate B also has some effect on
mesangial cells. In this regard, the effects of
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magnesium lithospermate B on the proliferation
of mesangial cells were examined in the present
study.

Materials and Methods

Animals : BALB /¢ female mice were
obtained from Nippon Clea (Osaka, Japan).

Medium and reagenis : Minimum essential
medium with D-valine substituted for L-valine (D
-val MEM) was obtained from Sigma Chemical
Co. (St. Louis, Mo). D-val MEM supplemented
with 20 % fetal calf serum (FCS; Gibco, Gland
Island, N.Y.), 100 U/ml penicillin and 100 xg/ml
streptomycin was used for the culture of mesan-
gial cells.

Isolation of wmouse glomeruli . In comparison
to the conventional method utilizing serial siev-
ing, Iwano ef al.” established a new and more
efficient method for the isolation of glomeruli. A
BALB/c mouse at 4 weeks of age was killed with
CO, gas in a bag. Immediately after respiratory
arrest, the mouse was laid on its back and the
thorax opened. A syringe filled with phosphate-
buffered saline (PBS) was inserted into the left
ventricle. After the right ventricle was incised for
drainage, the PBS was perfused slowly but con-
stantly into the heart. After most of the blood had
been flushed out, the renal cortices were removed.
The renal cortices were minced into small pieces
(2 mm?®) and treated with 4 mg/ml of collagenase
type IV (Worthington Biochemical Co., Freehold,
N. J.) at 37°C for 30 min. After agitation with a
vortex mixer for 10 min, the cortices were
centrifuged at 3,500 rpm at 4°C for 20 min over a
discontinuous 30 /50 /60 9% gradient of Percoll
(Pharmacia Inc., Piscataway, N. J.) and the 30/
50 9% interface obtained. These procedures (treat-
ment with collagenase, agitation and centrifuga-
tion) were performed three times and as a result
the tubules were almost completely excluded.
After washing with Hanks’solution (Foundation
of Research Institute for Microbial Disease,
Osaka, Japan), highly purified glomeruli (more
than 95 %) were obtained.

Mesangial cell culture : Primary cultures of
mesangial cells were obtained from outgrowths of

isolated mouse renal glomeruli. Washed glomer-
ular remnants were plated onto plastic Petri
dishes (Nunc, Roskilde, Denmark) at a density of
200 remnants/cm? in 20 9% FCS containing medium
and incubated at 37 °C in a humidified 5 % CO,
atmosphere. Under these conditions, a homo-
genous outgrowth of elongated or stellate cells
appeared within five days and reached confluence
within ten days. Passaged cells were obtained by
incubating washed confluent monolayers with a
solution of trypsin (0.5 mg/ml, Sigma) and EDTA
(0.2 mg/ml) for 5 min at 37 °C. Cells after three
passages are considered as vascular smooth mus-
cle-like mesangial cells using morphological and
immunohistochemical criteria.”

Proliferation assay . Mouse mesangial cells,
after four passages, were seeded in a 96-well
microtiter plate (Costar, Cambridge, Mass) at a
density of 10* cells/well in 0.2 ml D-val MEM
containing 20 9% FCS. After 24 h, the medium was
changed to D-val MEM without FCS. Following
another 48-hour incubation, the cells were cul-
tured with or without magnesium lithospermate B
(from 8.45 to 270uM) in the medium containing
8 9% FCS for 48 h. The cultures were pulsed with
1 ¢Ci of *H-thymidine (15.7 Ci/mM, New England
Nuclear, Boston, Mass.) over the last 12 h of the
48-hour culture. Cells were then harvested onto a
glass filter paper by an automated cell harvester
(Lab Mash Science Co., Tokyo, Japan). The radio-
activity was measured with Beckman Scintilla-
tion Counter (Beckman Instruments Incs., Fuller-
ton, Calif.). All assays were performed in tripli-
cate.

Purification of wmagnesium lithospermate B
Jrom Salviae Miltiorvhizae Radix: As reported
previously,g'm) commercially available Salviae
Miltiorrhizae Radix (Salvia miltiorrhiza BUNGE)
(1.0 kg) produced in China was extracted twice
with water (1.5 liters) at 80 "C. After removal of
the insolubles by filtration, the filtrate was con-
centrated under reduced pressure (40°C) and sub-
jected to MCI-gel CHP-20P (7.5 cm i.d. X 35cm)
column chromatography. After washing the col-
umn with water, elution with 50 9% aqueous meth-
anol yielded polyphenols (62g), which were
chromatographed over Sephadex LH-20 (5.0 cm
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i.d. X 42 cm) with water containing increasing
amounts of ethanol to afford three fractions ;
fractions 1 (4.8g), II (0.35g) and III (5.9 g), and
compound I (7.56 g). Fractions I and III were
rechromatographed separately over a Sephadex
LH-20 column using water as an eluent to yield
compound 2 (1.98g) and a further fraction of
compound 1 (4.3 g), respectively. Compound 1 was
identified as magnesium lithospermate B (Fig. 1)
on the basis of *C nuclear magnetic resonance
spectra, infrared spectra, negative fast - atom
bombardment mass spectroscopy, proton nuclear
magnetic resonance spectra, energy-dispersive X-
ray analysis and other data.

Fig. 1 Structural formula of magnesium litho-
spermate B.

Results

Figure 2 shows the proliferation activity of
mesangial cells as determined in terms of the *H-
thymidine uptake, using 10* mesangial cells per
well. The *H-thymidine uptake by mesangial cells
was 6510cpm in the absence of magnesium litho-
spermate B, whereas it was decreased by 20 %
to 5240 in the presence of magnesium litho-
spermate B at a concentration of 8.45 uM. When
the concentration of magnesium lithospermate B
was increased to 33.8 M, the *H-thymidine up-
take further decreased by 59 9% in comparison
with the value obtained without magnesium litho-
spermate B. In the presence of magnesium litho-
spermate B 270 uM, the uptake was only 43 cpm,
corresponding to 0.7 9% of the uptake determined
in the absence of magnesium lithospermate B. A
trypan blue dye exclusion test revealed that the
viability of cells after reaction was more than
90 %.

3H-Thymidine (cpm X103

(M)

Fig. 2 Effect of magnesium lithospermate B on
the proliferation of mesangial cells.

Discussion

It is said that most of urinary PGE, is derived
from the kidney. The production of PGE, is
known to take place in mesangial cells, glomer-
ular epithelial cells, medullary interstitial cells,
collecting tubules, efc., in the kidney.m In particu-
lar, PGE, relaxes contracted mesangial cells and
dilates glomerular capillaries to increase renal
blood flow (RBF) and glomerular filtration rate
(GFR), thereby improving renal function."” Mag-
nesium lithospermate B, the substance tested in
the present study, has previously been reported to
induce a significant increase in urinary PGE, as
well as GFR, renal plasma flow (RPF) and RBF
after continuous intraperitoneal or oral adminis
tration.”™ "’ Magnesium lithospermate B has also
been suggested to act on mesangial cells, since it
has a hypotensive effect similar to that of ACE
inhibitors in cases of renal hypertension or spon-
taneously hypertensive rats. """ In the present
study, when magnesium lithospermate B was
added to the medium of mesangial cell culture, it
markedly suppressed the proliferation of mesan-
gial cells in a dose-dependent manner. This sug-
gests that magnesium lithospermate B is involved
in the regulation of glomerular hemodynamics
and the GFR through contraction and relaxation,
i.e., probable physiological functions of mesangial
cells. Thus, the present study provided direct
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corroboration of the renal effects of magnesium
lithospermate B suggested by the results of previ-
ous iz vivo experiments. This is the first time that
a component of an Oriental medicine had a renal
effect of this type. Considering the fact that some
Oriental medicines or medical prescriptions
reportedly relieve renal disease, many other com-
ponents similar to magnesium lithospermate B
are expected to be contained in Oriental medi-
cines, representing an interesting subject for
future research.
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HRERKB S DELT, WBIZ AV X7 A Mlanks
FEARES S LTV B I EDRENT WD, RIFRE
Tl A Y X7 LMo BEEETETE 2 *H-thymidine
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