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Mechanism of angiogenic effects of saponin from Ginseng Radix
rubra in human umbilical vein endothelial cells
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1 The effects of saponin from Ginseng Radix rubra on angiogenesis (tube formation) and its key steps
(protease secretion, proliferation and migration) in human umbilical vein endothelial cells (HUVEC)
were examined to elucidate the mechanism of the tissue repairing effects of Ginseng Radix rubra. The
effect on a wound healing model was also studied.
2 Tube formation was measured by an in vitro system. The activity and immunoreactivity of tissue-type
plasminogen activator (tPA) as a protease for angiogenesis and the immunoreactivity of its inhibitor,
plasminogen activator inhibitor-i (PAI-1), were measured in conditioned medium of HUVEC stimulated
for 24 h with saponin. Cell proliferation was measured by counting the cell numbers at 2-7 days after
seeding. Migration was measured by Boyden's chamber method. The effect on wound healing was

studied in the skin of diabetic rats.
3 Saponin at 10-100 gg ml-' significantly stimulated tube formation by HUVEC in a dose-dependent
manner. Saponin in a similar concentration-range increased the secretion of tPA from HUVEC as

estimated by immunoreactivity and enzyme activity. On the other hand, PAI-1 immunoreactivity was

slightly increased at 10 gg ml-' of saponin, but then was significantly decreased at 50 and 100 jig ml-'.
Cell proliferation was only slightly enhanced by 1-100 jg ml-' of saponin, but migration was

significantly enhanced by 10-100 jg ml-' in a dose-dependent manner. Moreover, saponin stimulated
wound healing with enhanced angiogenesis in vivo.
4 These results indicate that saponin stimulates tube formation mainly by modifying the balance of
protease/protease inhibitor secretion from HUVEC and enhancing the migration of HUVEC, and that it
is effective in vivo.
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Introduction Methods

Ginseng Radix rubra is used clinically in Japan for various
diseases including atherosclerosis, liver dysfunction, cere-
brovascular diseases, hypertension and postmenopausal dis-
orders (Yamamoto, 1988). The major active component of
Gingseng Radix rubra is saponin, and it includes more than
twenty identified ginsenosides (Yamamoto, 1988). In a clinical
study we have demonstrated that orally-administered Ginseng
Radix rubra markedly improves the repair of intractable skin
ulcers of patients with diabetes mellitus and Werner's syn-
drome. Angiogenesis plays an important role in the repair of
ulcers. Therefore, the aim of this study was to clarify whether
saponin of Ginseng Radix rubra stimulates angiogenesis and if
so, which steps of angiogenesis are particularly influenced by
saponin.

Angiogenesis is considered to consist of four steps (Klags-
brun & Folkman, 1990): (1) Destruction of the basement
membrane by proteases secreted by endothelial cells (EC). (2)
Proliferation of EC. (3) Migration of EC. (4) Resulting actual
tube formation by EC. Recently, tube formation systems that
include all or most of the above steps have been developed
(Montesano & Orci, 1985; Tsuji & Karaseki, 1985). In this
study, we describe the effects of saponin on tube formation,
protease secretion, migration and proliferation, using in vitro
cultured EC and also on an in vivo wound healing model.

'Author for correspondence.

Cell culture

EC from human umbilical vein (HUVEC) were cultured (Jaffe
et al., 1972) in MCDB131 medium supplemented with 10%
foetal bovine serum (FBS), 10 ng ml-' basic fibroblast growth
factor (bFGF) and 90 jg ml-' heparin (growth medium). Cells
were subcultured at a split ratio of 1:2, and used at the 2nd-Sth
passages.

Assay of tube formation

Tube formation of HUVEC was assayed by a slight mod-
ification (Tezuka et al., 1993) of a reported procedure (Mon-
tessano & Orci, 1985; Tsuji & Karasaki, 1985). Confluent
HUVEC on 24-well plates coated with 1% gelatin were over-
layed with 1 ml of collagen gel, a mixture of 8 vol. of Vitrogen,
1 vol. of 10 fold concentrated Minimum Essential Medium,
and 1 vol. of a solution of 0.05 N NaOH, 200 mM HEPES and
260 mM NaHCO3, in the presence or absence of saponin or
bFGF. During incubation in a 5% CO2 incubator for 2 days, a
capillary-like network formed. Light micrographs of three
microscopic fields (x100) of the well (the centre and two per-
ipheral fields) were used for the assay of angiogenic activities
by measuring the total length of tubes in the area photo-
graphed. The mean of the three-field data was calculated. Tube
length was measured by computer scanning with a 9801VX
computer (NEC Co., Tokyo, Japan), an Image Scanner
GT100V (Epson, Tokyo, Japan), and an MKK scan pro-
gramme (kindly provided by Dr Kosuge). Only the length of
tube structures with diameters between 0.5-2.5 mm in the
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photographs (xlOO) was measured. The actual diameters of
these tubes were 10-50 jim. Complete capillary-like networks
were not found microscopically in control cultures, but some
tube-like structures were measured based on this criterion
(Tezuka et al., 1993).

Assay of protease and protease inhibitor secretion

We measured the immunoreactivity and enzyme activity of
tissue-type plasminogen activator (tPA), an essential protease
for the initial step of tube formation by the HUVEC used in
this study (Mawatari et al., 1991). The immunoreactivity of
plasminogen activator inhibitor-l (PAI-1) was also measured.
HUVEC at confluence in T-25 flasks coated with 1% gelatin
were incubated with 4 ml MCDB131 medium in the presence
or absence of saponin for 24 h as previously reported (van
Hinsbergh et al., 1987). After incubation, the medium was
collected and the immunoreactivity and enzyme activity of tPA
and the immunoreactivity of PAI-i were measured. The im-
munoreactivities of tPA and PAT-i were measured by ELISA
using the kits Imulyse tPA and Imulyse PAM-i, respectively.
The activity of tPA was also measured with a kit, Spectrolyse
(fibrin)tPA/PAI(v 1- l).

Assay of HUVEC proliferation
HUVEC were seeded onto 24-well plates coated with 1% ge-
latin at 2x104 cells/well in 1 ml growth medium containing
various concentrations of saponin and incubated for 2-7 days.
Cell numbers were counted in a Coulter counter as reported
(Morisaki et al., 1988; Koyama et al., 1994).

Assay of HUVEC migration

The migration of HUVEC was measured by a modification of
Boyden's chamber method as described previously (Koyama et
al., 1991; 1992a; 1993). Briefly, polycarbonate filters with
5.0 ,um pores were coated with 1% gelatin solution. Cultured
HUVEC were trypsinized and suspended at a concentration of
5x105 cells ml-' in Dulbecco's modified Eagle's medium
(DMEM) containing 10% FBS. Then 50 jil of DMEM con-
taining various concentrations of saponin was placed in the
lower chamber. The chambers were incubated at 37°C for 6 h
in a CO2 incubator. The numbers of cells that had migrated to
the lower side of the filter were then counted.

Wound healing model

Insulin-dependent diabetes mellitus was induced by the injection
of 60 mg kg'l streptozotocin (Kawano et al., 1993) into male
Wistar rats weighing 200g, and they were used two months after
induction as a model of intractable wound healing. The plasma
glucose level was about 500 mg dl-1 for the diabetic and
100 mg dl-1 for the normal rats. The usual plasma glucose level
of normal and diabetic rats is less than 150 mg dl-' and above
300 mg dl-1, respectively (Kanzaki et al., 1987). A full-thickness,
dorsal incision wound healing model was used as reported by
Mustoe et al. (1987). In brief, paired incisions were joined to-
gether with three surgical clips and injected once with a total of
25 mg of saponin suspended in 1 ml of 0.3% collagen or with
collagen vehicle alone at the time ofwounding. The wounds were
excised 7 days later and strips perpendicular to the paired ex-
perimental and control (collagen alone) wounds were obtained
for tensiometry and histological analysis. From each rat, two
middle quadrants and two end quadrants were obtained for
tensiometry and histological analysis, respectively. Wound
breaking strength was estimated by measuring the maximum
load tolerated by wounds with a tensiometer on 8 mm skin strips
from each of two 6 cm wounds (one experimental, one control)
per rat (Mustoe et al., 1987). For histological analysis, strips
were taken from the end quadrants of each wound and were
immediately placed in phosphate-buffered formalin (10%).
Tissues were stained with haematoxylin-eosin.

Statistics

Statistical analysis was carried out with Student's t test.

Materials

MCDBI31 was a product of Kurorera Corp (Tokyo, Japan).
FBS (Lot No. 37kO325) was purchased from GIBCO La-
boratories (Grand Island, NY, U.S.A.). Collagen solution for
the wound healing model was from Bdttger Corp. (Berlin,
Germany). Other materials for HUVEC culture and tube
formation were as reported (Morisaki et al., 1985; Tezuka et
al., 1993). Imulyse tPA, Imulyse PAI-1 and Spectrolyse were
purchased from Biopool AB Corp. (Umea, Sweden). Saponin
was separated and purified as described by Kitagawa et al.
(1989) and supplied by The Conference on Drug Ginseng. In
brief, the air-dried root of Ginseng Radix rubra was extracted
with 80% aqueous methanol and the extract subjected to
ethylacetate/water separation. The water phase was extracted
with butanol and the extract was adsorbed to a SEP-PAK C,8
column (Waters, Milford, MA, U.S.A.). After washing with
20% methanol, saponin was eluted with 100% methanol. This
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Figure 1 Phase-contrast micrographs of tube formation. Human
umbilical vein endothelial cells were incubated in a three-dimensional
space for two days in the absence (a) or presence of lOngml-' bFGF
(b) or lOO1 gml- saponin (c). Calibration bar=O mm.
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saponin contained more than twenty ginsenosides with similar
structures (Kitagawa et al., 1983; Yamamoto, 1988).

Results

Effects of saponin on tube formation

Two days after seeding, HUVEC formed capillary-like net-
works following stimulation with 10 ng ml-' of the angiogenic
factor bFGF (Figure lb). Very few complete network forma-
tions occurred in the absence of angiogenic factors (Figure la).
Networks similar to those seen with bFGF were formed in the
presence of 100 gg ml-' saponin (Figure ic). Tube formation
was quantitatively estimated by measuring the tube length of
the capillary-like networks of three microscopic fields. Figure 2
shows that 1-100 jg ml-' of saponin stimulated tube forma-
tion in a dose-dependent manner, and this stimulation was
statistically significant in the range of 10-100 jig ml-'. Saponin
at 100 jg ml-' was as effective as 10 ng ml-I bFGF in stimu-
lating tube formation [tube length with bFGF was 6.79 + 0.99
(n = 6, mean + s.d. mm/field)].

Effects of saponin on tPA and PAI-i secretion

Plasminogen activators are important as proteases for angio-
genesis, and tPA is the major activator in HUVEC (Mawatari
et al., 1991). HUVEC secreted tPA into the medium as de-
termined at 4-24 h (data not shown). After 24 h incubation,
saponin (10-100 jg ml-') significantly stimulated the secretion
of tPA immunoreactivity (Figure 3). The effective concentra-
tions of saponin for the secretion of tPA immunoreactivity
were similar to those that stimulated tube formation.

A balance of plasminogen activators (tPA and urokinase-
type PA) and inhibitors is important for the actual display of
the activities of the plasminogen activators. PAM-i is im-
portant, as such an inhibitor (Eriksson et al., 1988). For that
reason, the secretion of PAI-1 immunoreactivity was measured
in the same samples as those used for measurement of tPA
immunoreactivity. Saponin only slightly increased the secre-
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Figure 3 Effects of saponin on the secretion of tPA and PAM-1
immunoreactivities from human umbilical vein endothelial cells
(HUVEC). Confluent HUVEC were incubated in MCDB131 medium
for 24h in the absence or presence of saponin. The conditioned
media were collected and the immunoreactivities of tPA and PAT-i
were measured by ELISA: (0) tPA; (0) PAI-I. Values are
mean+ s.d. (n = 9, 9 cultures from three different strains of HUVEC).
*P<0.01 (vs. None, i.e. control).
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Figure 2 Effects of saponin on the tube formation by human
umbilical vein endothelial cells (HUVEC). HUVEC were incubated in

a three-dimensional space for two days with various concentrations
of saponin. The vertical line shows the tube length formed. Values
are mean+ s.d. (n = 9, 9 cultures from three different strains of
HUVEC). *P<0.01 (vs. None, i.e. control).
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Figure 4 Effects of saponin on the secretion of tPA activity from
human umbilical vein endothelial cells. tPA activity in the
conditioned media for Figure 3 was measured. Values are mean+ s.d.
(n=9). *P<0.0l(vs. None, i.e. control).
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tion of PAM-i immunoreactivity at 10 jig ml-', but at higher
concentrations significantly inhibited it, to the extent of about
one-fourth that of control at 100 fig ml-'. These results suggest
that saponin changes the balance of activation/inhibition of
protease to create a predominance of activation over inhibition
especially at the range of 50-100 jg ml-'. Figure 4 shows the
tPA activity in the conditioned medium during 24 h incuba-
tion. Saponin slightly, but not significantly, increased tPA
activity at 10 jig ml-'. However, 100 jg ml-' saponin sig-
nificantly increased the activity to more than three times that
of the control.

Effects of saponin on the proliferation of HUVEC

HUVEC did not grow without bFGF in MCDB131 containing
10% FBS either in the absence or presence of saponin (the cell
number of HUVEC incubated with MCDB131 containing
10% FBS and 0-100 jig ml-' of saponin was about 0.2x10-/
well at day 7). HUVEC grew well in the growth medium
containing 10 ng ml-' bFGF (Figure 5). The addition of 1-
100 jg ml-' saponin to the growth medium increased the
growth only slightly by 10-28% at day 2 and by 3-17% at day
7. There was no clear concentration-dependent response in this
increase. These data indicate that saponin itself has no mito-
genic effect on HUVEC and that it stimulates cell proliferation
only slightly in the presence of an EC growth factor, bFGF.

Effects of saponin on the migration of HUVEC

When saponin was added to the lower chambers, it stimulated
the migration of HUVEC in a dose-dependent manner (sig-
nificant at 10-100 jig ml-') (Figure 6). The effective con-
centrations of saponin were similar to those that stimulated
tube formation. The activity at 100 jg ml-' was about three
times that of control, and the effect was similar to that of the
optimal concentration (10 ng ml-') of bFGF [317 + 48 cells/
HPF(n = 6), mean+ s.d.].
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Figure 6 Effects of saponin on the migration of human umbilical
vein endothelial cells (HUVEC). HUVEC were incubated in Boyden's
chamber for 6h and cells migrating through the membrane pores
were counted. Saponin was added to the lower chamber. Values are
mean + s.d. (n = 9, 9 cultures from three different strains of HUVEC).
*P<0.01 (vs. None, i.e. control).

0

a)
.0
E
c

a)

9

8

7

6

5

4

3

2

0

300 H

C)
.C
C,'
0)
C
Cu
Cu
.0
(10
CD

.0

P< 0.05 X

200 H

100 e-

2 3 4 5
Days after seeding

6 7

Figure 5 Effects of saponin on the proliferation of human umbilical
vein endothelial cells (HUVEC) as a function of incubation time.
HUVEC were seeded at 2 x 104/well and cell numbers were counted
6h after seeding (day 0). Then cells were incubated in MCDB131/
10% FBS in the absence (x) or presence (0) of lOngml-1 bFGF.
HUVEC were also incubated with MCDB131/10% FBS/lOngml-l
bFGF in the presence of 1 (A\), 10 (0) and 100 (El) pgml-i saponin.
Incubation was carried out until day 7. Each point shows the mean
of three determinants. Standard deviations were less than 20% of
each mean.
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Figure 7 Effects of local administration of saponin on wound
healing of diabetic rats. Skins of insulin-dependent diabetic rats were
incised and 25mg saponin in 1 ml of 0.3% collagen (hatched column)
or vehicle (open column) was administered to the wound. The
breaking strength was measured 7 days later. Columns are
mean+s.d. (n=4, four animals with two wounds each).
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Figure 8 Micrographs of wounds of diabetic rats 7 days after
causing wound. See the legend for Figure 7. (a) Control; (b)
experimental. Haematoxylin-eosin staining. Calibration bar= 0.1 mm.

Effects of saponin on wound healing and in vivo
angiogenesis

The breaking strength of skin incisional wounds was measured
at 7 days after wounding. The experiment was repeated twice,
and a typical experiment is shown in Figure 7. The breaking
strengths for experimental incisions (275+ 65 g/wound, n = 4)
were significantly (P < 0.05) higher than those for control
(164+36 g/wound, n=4). Histologically, microvessels were

more frequently observed in the experimental incisions than in
control (Figure 8). The granulation tissues in association with
infiltration of inflammatory cells were well developed in the
experimental incisions compared with control.

Discussion

The present study clearly showed that saponin stimulates an-

giogenesis in vitro and in vivo mainly through (1) enhance-
ment of tPA secretion together with supression of PAI-1
secretion from HUVEC, and (2) migration of HUVEC. It was
also observed that acceleration of wound healing in vivo by
saponin is associated with enhanced angiogenesis. Accord-
ingly, saponin may indeed be an angiogenic factor.

The tube formation system used in this study involves 4
steps that are thought to take place during angiogenesis in vivo,
that is, destruction of the basement membrane byEC, their
subsequent proliferation, migration and actual tube formation.
Destruction of the basement membrane in vivo byEC may

correspond to destruction of the collagen gel in our in vitro
system. The migration ofEC must play an important role in
the three-dimensional network formation in the collagen gel.
Although the tube formation system must also involve the
actual process of tube formation, this step is difficult to analyse
separately. On the other hand,EC proliferation may not be
essential for tube formation, as the cells were already confluent
at the beginning of the assay and the incubation time was

relatively short, only 48 h. Thus this system is suitable for the
screeening not only of the type 1 but also of the type 2 an-
giogenic factors mentioned below.

The endogenous angiogenic factors so far reported can be
classified into two categories: Type 1, factors which stimulate
the proliferation of EC as well as protease secretion and mi-
gration such as FGF (Esch et al., 1985), vascular endothelial
growth factor (VEGF) (Ferrara et al., 1992), and transforming
growth factor-a (TGF-oc) (Schreiber et al., 1986); Type 2,
factors which do not stimulate proliferation but enhance an-
giogenesis in certain systems such as tumour necrosis factor
(TNF) (Frater-Schroder et al., 1987) and transforming growth
factor- (TGF-f) (Roberts et al., 1986). As the effect of sa-
ponin on HUVEC proliferation is not prominent, it should be
classified among the type 2 angiogenesis factors. If this were
the case, saponin may act in cooperation with endogenous type
1 angiogenic factors in vivo because EC proliferation is essen-
tial for in vivo angiogenesis.

The destruction of the extracellular matrix is the initial step of
angiogenesis and requires proteases. Among these, PA and
matrix metalloproteinase (MMP) (Cawston, 1986) secreted
from EC are important for angiogenesis. Besides PA converting
plasminogen to plasmin which in turn digests matrices, it also
activates the inactive form of MMP. Thus PA plays an especially
important role in angiogenesis. Not only proteases but also in-
hibitors are secreted from EC, such as PAI-I for tPA and tissue
inhibitor of metalloproteinase (TIMP) for MMP (Cawston,
1986). Of importance, then, for the protease activities is the
balance of proteases and inhibitors. Saponin stimulates secre-
tion of tPA and inhibits that of PAI- I at higher concentrations,
indicating a tilt of the balance of proteolysis to its inhibition. The
tPA activity at 10 jig ml-' of saponin was not significantly in-
creased (Figure 4) in spite of the increased secretion of tPA im-
munoreactivity at the same concentration of saponin (Figure 3).
This may be explained by the fact that PAI-I secretion was in-
creased at that concentration of saponin (Figure 3).

Whether the effects of saponin on tube formation or its
steps (protease and its inhibitor secretion, and migration) in
HUVEC are direct or indirect cannot be determined by the
present study. The possibility that saponin enhances the ex-
pression and secretion of type 1 angiogenic factor(s) such as
FGF and indirectly stimulates tube formation is small because:
(1) saponin has little effect on HUVEC proliferation whereas
FGF stimulates it; (2) FGF lacks a signal sequence for secre-
tion and is primarily cell-associated (Burgess & Macaig, 1989);
(3) VEGF and TGF-oc are related to transformed cells and are
not secreted from normalEC such as the HUVEC used in this
study. On the other hand, the possibility that saponin in-
directly stimulates tube formation through secretion of type 2
angiogenic factor(s) such as TNF-a and TGF-1 cannot be
ruled out because these cytokines could be expressed in, and
secreted from EC. However, this possibility becomes rather
remote as far as these two cytokines are concerned because
they inhibitEC proliferation but saponin did not. Finally, this
is supported by the relatively short incubation time in the
migration assay during which it may be difficult for substantial
amounts of autocrine angiogenic factor(s) to be expressed,
secreted, and then act on cells. Thus it may indeed be true that
saponin directly stimulates tube formation and its steps.

As with other Chinese medicines, the active component of
Ginseng Radix rubra, saponin, consists of many ginsenosides.
It is unclear which of these is (are) responsible for the angio-
genic effect. The major ginsenosides of saponin are a group of
dammarane saponins which have a similar structure to cho-
lesterol and steroid hormones (Yamamoto, 1988). Sterols af-
fect PA production inEC, as for example, the plant sterols,
sitosterol and fucosterol, induce a 3 to 7 fold increase in the
production of PA activity, whereas corticosteroids (dex-
amethasone, cortisone, methylprednisolone, hydrocortisone)
decrease PA production (van Hinsbergh, 1988). Therefore,
ginsenoside(s) resembling sterols by its structure may be re-
sponsible for the angiogenic activity of saponin.
We have shown that saponin inhibits the proliferation and
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migration of rabbit cultured aortic smooth muscle cells and
that each ginsenoside exerts a different effect on them (Saito et
al., 1987; Koyama et al., 1992b). The effects of saponin on
HUVEC are different from or even opposite to those on
smooth muscle cells as far as proliferation and migration are
concerned, suggesting that the effects are specific for EC.

In summary, saponin stimulates tube formation mainly
through modification of the balance of the protease/protease
inhibitor secretion from HUVEC and the enhancement of the

migration of HUVEC. The local administration of saponin
helped wound healing in the intractable wound healing model
with increased in vivo angiogenesis. These results point to the
clinical usefulness of saponin in the treatment of intractable
ulcers such as diabetic ulcer. The mechanism(s) and active
component(s) of saponin will need to be explored further.

This study was supported by grants from The Conference on Drug
Ginseng.

References

BURGESS, W.H. & MACAIG, T. (1989). The heparin-binding
(fibroblast) growth factor family of proteins. Annu. Rev.
Biochem., 58, 575-606.

CAWSTON, T.E. (1986). Protein inhibitors of metalloproteinases. In
Protein Inhibitors. ed. Barrett, A.J. & Salversen, G. pp. 589-610.
Amsterdam: Elsevier Scientific Publishers BV.

ERIKSSON, E., RANBY, M., GYZANDER, E. & RISBERG, B. (1988).
Determination of plasminogen activator inhibitor in plasma
using t-PA and a chromogenic single-point poly-D-lysine
stimulated assay. Thromb. Res., 50, 91-101.

ESCH, F., BAIRD, A., LING, N., UENO, N., HILL, F., DENOROY, L.,
KLEPPER, R., GOSPODAROWICZ, D., BOHLEN, P. & GUILLE-
MIN, R. (1985). Primary structure of bovine pituitary basic
fibroblast growth factor (FGF) and comparison with the amino-
terminal sequence of bovine brain acidic FGF. Proc. Natl. Acad.
Sci. U.S.A., 82, 6507-6511.

FERRARA, N., HOUCK, K., JAKEMAN, L. & LEUNG, D.W. (1992).
Molecular and biological properties of the vascular endothelial
growth factor family of proteins. Endocr. Rev., 13, 18-32.

FRATER-SCHRODER, M., RISAU, W., HALLMANN, R., GAUTSCHI,
P. & BOHLEN, P. (1987). Tumor necrosis factor type a, a potent
inhibitor of endothelial cell growth in vitro, is angiogenic in vivo.
Proc. Natl. Acad. Sci. U.S.A., 84, 5277-5281.

VAN HINSBERGH, V.W.M. (1988). Regulation of the synthesis and
secretion of plasminogen activators by endothelial cells.
Hemostasis, 18, 307-327.

VAN HINSBERGH, V.W.M., BINNEMA, D., SCHEFFER, M.A., SPREN-
GERS, E.D., KOOISTRA, T. & RIJKEN, D.C. (1987). Production of
plasminogen activators and inhibitors by serially propagated
endothelial cells from audit human blood vessels.
Arteriosclerosis, 7, 389-400.

JAFFE, E.A., NACHMAN, R.L., BECKER, C.G. & MINICK, C.R. (1972).
Culture of human endothelial cells derived from umbilical veins.
J. Clin. Invest., 52, 2745-2756.

KANZAKI, T., ISHIKAWA, Y., MORISAKI, N., SHIRAI, K., SAITO, Y.
& YOSHIDA, S. (1989). Abnormal metabolism of polyunsaturated
fatty acids and phospholipids in diabetic glomeruli. Lipids, 22,
704-710.

KAWANO, M., KOSHIKAWA, T., KANZAKI, T., MORISAKI, N., SAITO,
Y. & YOSHIDA, S. (1993). Diabetes mellitus induces accelerated
growth of aortic smooth muscle cells: association with over-
expression of PDGF [3-receptors. Eur. J. Clin. Invest., 23, 84-90.

KITAGAWA. I., YOSHIKAWA, M., YOSHIHARA, M., HAYASHI, T. &
TANIYAMA, T. (1983). Chemical studies on crude drug preces-
sion. I. On the constituents of ginseng radix rubra(l). Yakugaky
Zasshi, 103, 613-622 (in Japanese).

KITAGAWA, I., TANIYAMA, T., YOSHIKAWA, M., IKENISHI, Y. &
NAKAGAWA, Y. (1989). Chemical studies on crude drug
processing. IV. Chemical structures of malonyl-ginsenosides
Rbl, Rb2, Rc, and Rd isolated from the root of Panax ginseng
C.A. Meyer. Chem. Pharm. Bull., 37, 2961-2970.

KLAGSBRUN, M. & FOLKMAN, J. (1990). Angiogenesis. In Hand-
book ofExperimental Pharmacology, vol. 95 II, ed. Born, G.V.R.,
Cuatrecasas, P., Arbor, A. & Herken, H. pp. 549-586. Berlin:
Springer-Verlag.

KOYAMA, N., HARADA, K., YAMAMOTO, A., MORISAKI, N., SAITO,
Y. & YOSHIDA, S. (1993). Purification and characterization of an
autocrine migration factor for vascular smooth muscle cells
(SMC), SMC-derived migration factor. J. Biol. Chem., 268,
13301-13308.

KOYAMA, N., KOSHIKAWA, T., MORISAKI, N., SAITO, Y. &
YOSHIDA, S. (1991). Secretion of a potent migration factor for
smooth muscle cells (SMC) by cultured SMC. Atherosclerosis, 86,
219-226.

KOYAMA, N., MORISAKI, N., SAITO, Y. & YOSHIDA, S. (1992a).
Regulatory effects of platelet-derived growth factor-AA homo-
dimer on migration of vascular smooth muscle cells. J. Biol.
Chem., 267, 22806-22812.

KOYAMA, N., MORISAKI, N., SAITO, Y. & YOSHIDA, S. (1992b).
Inhibitory effect of ginsenosides on migration of arterial smooth
muscle cells. Am. J. Chinese Med., 20, 167-173.

KOYAMA, N., WATANABE, S., TEZUKA, M., MORISAKI, N., SAITO,
Y. & YOSHIDA, S. (1994). Migratory and proliferative effect of
platelet-derived growth factor in rabbit retinal endothelial cells:
Evidence of an autocrine pathway of platelet-derived growth
factor. J. Cell. Physiol., 158, 1-6.

MAWATARI, M., OKAMURA, K., MATSUDA, T., HAMANAKA, R.,
HIGASHI, K., KOHNO, K. & KAWANO, M. (1991). TNF and EGF
modulate migration of human microvascular endothelial cells
and production of tissue-type plasminogen activator and its
inhibitor. Exp. Cell Res., 192, 574-580.

MONTESANO, R. & ORCI, L. (1985). Tumor-promoting phorbol
esters induce angiogenesis in vitro. Cell, 42, 469-477.

MORISAKI, N., KANZAKI, T., FUJIYAMA, Y., OSAWA, I., SHIRAI, K.,
MATSUOKA, N., SAITO, Y. & YOSHIDA, S. (1985). Metabolism of
n-3 polyunsaturated fatty acids and modification of phospholi-
pids in cultured rabbit aortic smooth muscle cells. J. Lipid Res.,
26, 930-939.

MORISAKI, N., KANZAKI, T., KOSHIKAWA, T., SAITO, Y. &
YOSHIDA, S. (1988). Secretion of a new growth factor, smooth
muscle cell derived growth factor, distinct from platelet derived
growth factor by cultured rabbit aortic smooth muscle cells.
FEBS Lett., 230, 186-190.

MUSTOE, T.A., PIERCE, G.F., THOMASON, A., GRAMATES, P.,
SPORN, M.B. & DEUEL, T.F. (1987). Accelerated healing
of incisional wounds in rats induced by transforming growth
factor-P. Science, 237, 1333-1336.

ROBERTS, A.B., SPORN, M.B., ASSOIAN, R.K., SMITH, J.M., ROCHE,
N.S., WAKEFIELD, L.M., HEINE, U.I., LIOTTA, L.A., FALANGA,
V., KEHRL, J.H. & FAUCI, A.S. (1986). Transforming growth
factor type 1: Rapid induction of fibrosis and angiogenesis in vivo
and stimulation of collagen formation in vitro. Proc. Natl. Acad.
Sci. U.S.A., 83, 4167-4171.

SAITO, Y., MORI, S., MORISAKI, N., SHIRAI, K. & YOSHIDA, S.
(1987). Effect of PANAX-GINSENG on lipid metabolism in the
arterial wall. In Proceedings of the International Symposium on
Ginseng Research, R.O.C. ed. Ha, H., Yamamoto, M., Joo, C.N.,
& Kuo, S.-C. pp. 12-26, Taichun: Lifu Medical Research
Institute, China Medical College.

SCHREIBER, A.B., MARJORIE, E. & DERYNCK, R. (1986). Trans-
forming growth factor-ca: a more potent angiogenic mediator
than epidermal growth factor. Science, 232, 1250-1253.

TEZUKA, M., KOYAMA, N., MORISAKI, N., SAITO, Y., YOSHIDA, S.,
ARAKI, N. & HORIUCHI, S. (1993). Angiogenic effects of
advanced glycation end products of the Maillard reaction on
cultured human umbilical cord vein endothelial cells. Biochem.
Biophys. Res. Commun., 193, 674-680.

TSUJI, T. & KARASEKI, M.A. (1985). A new method for obtaining
scanning electron microscopic images of the reorganization
process of human dermal microvascular endothelium in vitro. J.
Microscopy, 137, 75-83.

YAMAMOTO, M. (1988). Current status of ginseng research in Japan.
In Proceedings of the International Symposium on Ginseng
Research, R.O.C. ed. Ha, H., Yamamoto, M., Joo, C.N. &
Kuo, S.-C. pp. 12-26. Taichun: Lifu Medical Research Institute,
China Medical College.

(Received August 1, 1994
Revised February 23, 1995
Accepted March 8, 1995)


