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ABSTRACT

AIM: Theeffect of ginsenosde Rb, purified from Panax ginseng on fibrinolyticactivity of bovine aortic endothelial
cells(BAEC) wasinvedigated. METHODS: Cédlular plasminogen activator (PA) level of thelysates was measured
by the chromogenic substrate S-2403. Fibrin underlay technique was carried out to observe fibrinolyss by grow-
ing endothelia cellsin the culture medium. Cell viability was then determined by measurement of the activity of
mitochondria dehydrogenase. The ability of Rb, of potentiating cellular PA activity was investigated by measuring
the amounts of PA and PA inhibitor-1 (PAI-1) in the culture medium usng zymography and rever se zymography.
Changes in the expression of urokinase-type PA (uPA), uPA receptor, and PAI-1 mRNA in BAEC &fter treatment
with Rb,wereandyzed by Northern blot. RESULTS: Rb,enhanced cellular PA activity in a concentration-andtime-
dependent manner. Treatment of BAEC with Rb, 10 mg/L for 9 hresulted in a3.5-fold increase of PA activity
without a marked cytotoxic effect, asshown by LDH levelsin culture. Increased PA levelscaused the increase in
surface plasmin level s as observed by fibrin underlay technique. Rb, greatly or moderately increased the amount of
urokinase-type PA (uPA) or itsinhibitor (PAI-1), presentin the culture medium, whereas saponin did not influence
MRNA levels of uPA, itssurface receptor, and PAI-1, suggesting that Rb, may stimul ate the secretion of uPA
without enhancing its gene expression. The enhancement of PA levelsby retinoic acid aone, a gimulator of PA
synthes s, was potenti ated by the smultaneous addition of ginsenoside Rb,1 mg/L. Therefore, Rb, might exert a
grong synergism in the synthesis of cellular PA in BAEC. CONCLUSION: Ginsenoside Rb, enhanced the PA
activity levelsin BAEC aswell asthe surface plasmin activity of BAEC. Rb, may simulate the secretion of uPA
without enhancing the gene expresson of uPA, uPA receptor (UPAR), and PAI-1.

tissue-type PA (tPA) and urokinase-type PA (uPA), in
different ratios depending upon the origin of the cells.
Vascular endothdial cellsplay key rdesintheman-  Endothelial cells also produce and secrete an inhibitor
tenance of fibrinolysis: They produce and secretetwo  of PA, PA inhibitor-1 (PAI-1) that rapidly inhibits the
immunologically digtinct pl asminogen activators (PA), activity of both PA™. Hence, the balance between the
production of PA and PAI-1 from endothelia celsis

L . - important to maintain a normal fibrinolytic status. It
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caly sgnificant'®¥. Although the primary physiologi-
ca role of plasmin is to disolve fibrin clots, another
important role of plasmin, especialy cdl-assodated plas-
min isto generate the active form of other enzymes®
and cytokines®. Furthermore, the physiological rel-
evance of cdllular PA/plasminincell migration or innew
capillary blood vessels (angiogenesis) hasbeen pointed
out'®,

Ginsenos de-Rb, is one of the dammarane-type
saponins, which do not induce hemolysis, extracted
fromthe roct of Panax ginseng CA Meyea. Ginsenodde
sgpanins have been shown to possess various hiologi-
cal activities such as anti-hyperlipidemia”, immunomo-
dulatory, anti-tumor'®®, antimetastatic, and anti-angio-
genic activitied™*, |t has been reported that sgponins
derived from diff erent origins have adjuvanticity and
anti-inflammatory effects™*!. However, to the best of
our knowledge, there has been no report describing the
effect of saponins on thefibrinolytic activity of the en-
dothdid cells.

In the present study, we examined the effect of
ginsenosides Rb,, derived from Panax ginseng, on PA/
plasmin levels of bovine aortic endothdia cells(BAEC)
in cul tures.

MATERIALSAND METHODS

Materials Ginsenosides Rb, was kindly provided
by Korea Tobacco and Ginseng Corporation aswell as
by Japan Korea Red Ginseng Co, Ltd (Tokyo, Japan).
The purity of ginsenosdes Rb, was97.8 %. The chemi-
ca dructure of Rb, isshown in Fig 1. Stock sol ution
of Rb, wasprepared inthe 1:1 mixture of dimethyl sul-
foxide (Me,SO) and ethanol, and serially diluted into
culture medium to yield fina concentrations of 0.499
and 0.001 % in ethanol and Me,SO, respestively. These
concentrationsof ethand and Me,SO did not affedt pro-
duction or activity of PA (data not shown).

Treatment of BAEC with saponins BAECwere
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Fig 1. Chemical structure of ginsen oside Rb,.

isolated and grown inminimal essential medium (MEM)
containing 10 % new calf serum. After cellsweregrown
to confluence, the cultures were rinsed with phosphate-
buffered saline (PBS), pH 7.4 and incubated in serum-
free MEM cortaining 0.1 % BSA (MEM-BSA) plus ei-
ther 0.499 % ethanol-0.001 % Me,SO or various con-
centrations of Rb,. At the indicated time points, the
medium was aspirated, and the cultures wer e washed
with PBS and lysed with 0.5 % Triton X-100in Tris
HCl 0.1 mol/L , pH 8.1, then stored at -20 °C until as-
say of cdlular PA levels or lysed with guanidinium
isothiocyanate solution and stored at -80 © C until isola
tion of RNA.

Assay of cellular PA activity Cellular PA level
of the lysates was measured us ng the chromogenic
substrate S-2403, as described previoud y™*™! and ex-
pressed as urokinase (UK) units (kUxy™ protein) in the
sample. Protein concentration was measured by BCA
(Pierce) assay usng BSA as the standard.

Assay of lactate dehydrogenase (LDH) activ-
ity After BAEC were grown to confluence in 96-well
culture plates, the cultures were rinsed with PBS and
incubated in serum-free MEM-BSA containing various
concentrations of Rb,. At the indicated time points, the
medium was collected and the activity of LDH present
in each culture medium was measured using akit ob-
tained from Wako Pure Chemical Industries, Ltd (Osska,
Japan). The amount of resulting diformazan was de-
termined by reading the absorbance at 570 nm and the
L DH activity was expressed by Wroblewski units™®.

Zymography and reverse zymography Zymo-
graphy and reverse zymography were carried out as
described previoudy™. After proteinsin the culture
medium were separated by SDS-pol yacrylamide gel
dectrophoress, the gelswere washed with 2.5 % Tri-
ton X-100 and NaCl 9 g/L, applied onto fibrin-agar
gels containing plasminogen without (zymography) or
with (reverse zymography) urokinase, and incubated at
37°C. TheuPA and PAI-1werevisuaized, repectively,
aseither alyssband in the zymography or alyssre-
Sdtant band in the reverse zymography.

Isolation of RNA and Northern blot analysis
Total RNA wasextracted from cells trested or untreated
with Rb, using acid guanidiniumisothiocyanated through
1 g/L agarose-formal dehyde-gd eectrophoresis and
tranferred to Hybond“nylon membranes (Amer sham)
according to the published protocols™. Membranes
were hybridized with cDNA for bovine uPA, bovine
UPA receptor (gifts from Dr Wolf-Dieter
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SCHL EUNING, Research L aboraoriesof Achering AG,
Berlin Germany), human PAI-1 (gift from Dr David J
LOSKUTOFF, The Scripps Resarch Indtitute, LaJdolla,
CA), and rehybridized with aprobe for glyceraldehyde-
3-phosphate dehydrogenase. The cDNA probeswere
labeled with [a-**P] dCTP (DuPont) via random prim-
ing usng the kit supplied from Boehringer Mannheim.
Conditionsfor hybridization and washing were described
previoudy"®. Autoradiographies were performed us-
ing Fujix BSA 2000 Bio-imaging anayzer (Fuji Photo-
Film, Tokyo, Japan).

Fibrin underlay technique Fibrin underlay tech-
nique was carried out to observefibrinolyss by endot-
helia cellsgrown in the culture medium by the method
described previoudy!™®. The dislution of afibrin layer
plated under the cells was observed from the surround-
ings of each cdl, reflecting surface plasmin activity.

Statistical analysis Each point in every figure
represented mean+SD from three Smilar determinations.
Student’ s ¢-test was used to eval uate the sgnificance
between groups and the criterion of satigtical sgnifi-
cance was taken as P<0.05.

RESULTS

Effect of Rb, on PA level in BAEC In order to
know whether saponins affect fibrinol ytic property of
endothelial cells, the effect of addition of purified Rb,
on cellular PA level in BAEC culture was determined.
After confluent BAEC cultureswere incubated with
serum-free medium containing the indicated amounts
of Rb,for 9h, cel lysates were prepared, and the levels
of PA activity in the lysate were measured (Fig 2, pandl
A). Saponin Rb, increased PA activity levelsina con-
centration-dependent manner. Rb, 10 mg/L increased
PA levelsabout 3.5-fold(Fig2, panel A). But at ahigher
concentration, 100 mg/L, PA level was decreased. The
decline seemed to be ascribed to the cytotoxic effect of
Rb,, astotal protein content of BAEC cultureswas re-
duced after the treatment with Rb, 100 mg/L (Fig 2,
panel B). In addition, the levels of LDH that is known
as acytotoxic protein marker, in the culture medium
which was increased 6-fold at Rb,100 mg/L (Fig 3).
However, ginsenosdes Rb,1 mg/L, which enhanced
PA leve, neither dedined protein contents, nor increased
LDH leakage. Fig 4 depicted the time course of aug-
mentation of PA activity with Rb,1 mg/L. Between 4-
12 h, ginsenoside Rb, increased PA levels dmogt pro-
portionaly to the period of treatment. T hereefter, Rb,
continued to enhance PA level up to 72 h. These data
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Fig 2. Concentration-dependent enhancing effect of
ginsenoside Rb, on PA activity levels in BAEC (A) and
amount of protein (B). n=3. Mean+SD. °P<0.01 vs control
(0 mgxL™).
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Fig 3. Effect of ginsenoside Rb, on the leakage of LDH from
BAEC. n=3. Mean£SD. "P<0.05, ‘P<0.01 vs control.

indicated that ginsenosdes Rb, 1 mg/L could enhance
PA adivity levelsin BAEC. Especialy, gnsenosde Rb,
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Fig 4. Time course of enhancement of PA levels induced by
ginsenoside Rb, 1 mg/Lin BAEC. n=3. Mean+SD. ‘P<0.01
vs control.

1 mg/L exerted this activity without a marked cyto-
toxi c effect.

Enhancement of cell surface plasmin level by
Rb, In the presence of a constant amount of
pl asminogen, changes in PA activity were accompa
nied by the smilar changesin cdl surface plagninlevels.
Therefore, it was likely that Rb,-induced PA activity
provoked the elevation of cell surface plasminlevelsin
BAEC. To confirm this, the fibrin underlay technique
was employed (Fig 5). This assay system could detect
the dissolution of afibrin layer, over which endothdlia
cells were grown in a culture medium. Seven days
after garting the incubation, dissolution area was ob-
served inthe control dish (A), reflecting the expresson
of surface PA/plasmin in BAEC culture. The dissolu-

A Contral
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Fig 5. Dissolution of fibrin layer by BAEC in the absence
(A) and the presence of ginsenosides Rb, 5 mg/L (B). The
medium was changed every 2 days.

tion area was seenin the di shes containing gi nsenoside
Rb,5 mg/L. Because cellswerelocalized around the
center or below to the right, dissolution area expanded
ununiformly. The result indicated that Rb, enhanced
surface plasmin activity of BAEC (Fig 5).

Changes in mRNA levels of PA and PAI-1 af-
ter the treatment with Rb, To analyze the ability of
Rb, to potentiate cellular PA activity, we measured the
amounts of PA and PAI-1 in the culture medium using
zymography and reverse zymography. The result was
shownin Fig 6. Following treetment of BAEC with
ginsenoside Rb, 5 mg/L, PAI-1band (1,=55 000) was
significantly enlarged (upper bands), whereas the PAI-
1 band (M,=50 000) was moderately enl arged (lower
bands). However, Rb, did not aff ect mMRNA level of
uPA, uPA receptor (UPAR), and PAI-1 as assessed by
Northern blot analysis (Fig 7). Radioactivity of each
band was detected on an image analyzer (data not
shown), which did not show significant differences
between them. These resultsindicated that Rb, up-
regulated both uPA and PAI-1 level swithout enhancing
their mMRNA levels.

Synergism between Rb, and retinoic acid on
BAEC PA levels Because Rb, up-regulated fibrinolytic
levelsof BAECwithout stimulating biosynthesis of PA,
it was likely that Rb, might exert a synergism between
factorsthat gimulate the biosynthesis of PA. We ex-
amined this hypothesis using a combination of Rb, and
retinoic acid (RA), which was shown to be apotent
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Fig 6. Effect of ginsenoside Rb, on secretion of uPA and
PAI-1 from BAEC. Confluent BAEC cultures grown in 10-
cm dishes were treated with ginsen osides Rb, 5 mg/L in 6
mL of serum-free MEM for 9 h. Culture medium was col-
lected and con centrated 50-fold on Centrcon and Microcon
concen trators (Amicon, Danvers, MA). Theamounts of PA
and PAI-1in the concentrate were measured by zymography
(upper black bands) or by reverse zymography (lower white
bands).
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Fig 7. Northen blot analysis of uPA, uPA receptor, and
PAI-1 mRNA level in BAEC after treatment with Rb,.

gimulator of PA synthess®?!, RA 0.01 nmol/L en-
hanced the effect of ginsenosde Rb, 0.1-10 mg/L on
PA activity (Fig 8A) and Rb, 0.1 mg/L enhanced the
effect of RA 0.001-1 mmol/L on PA activity (Fig 8B).
Synergi gtic effect was observed between ginsenoside
Rb, and RA in enhancing the PA levels.

DISCUSSION

The present paper demonstrated that ginsenosides
Rb, purified from Panax ginseng, enhanced fibrinolytic
activity of BAEC in vitro. Rb,increased PA levd at
subcytotoxic concentrations (ie 1-5 mg/L, 9-12 h), as
shown by the leakage of LDH from the cells. Rb, en-
hanced both PA and PAI-1 levels without ateration of
their mRNA leves, suggesting that the effect of
ginsenos de Rb, may bereated to the change of the
permeability of the cell membrane. Becausethe induc-
tion of PA was moresignificant than that of PAI-1, the
total PA activity would be increased. Therefore, it ap-
pears that there are preferences among mol ecul es to
permeate membrane by saponin and that the secretion
of PA ispreferentialy increased than that of PAI-1. It
is notablethat ginsenosde Rb, and RA showed a strong
synergismin the enhancement of cellular PA levels. This
was supposed to be due to that RA enhanced the bio-
synthesi s of PA'* ! and Rb, stimul ated its secretion as
shown in the present report. The synergism suggests
the advantage that we can lower the concentrations of
Rb, and RA to less cytotoxic concentrations of each
other to enhance cdlular fibrinolytic levels.

We have reported that the enhancement of cdllular
PA/plasmin levelsby RA causes the activation of latent

10 - A

» Kh-alone (Cannall
% Hha +RA (M wonnl/L

227 {prideing

Concenoration of ainsenaside hyme . 1!

R

"4 aiclivily

SORA nlowe 1Coutrol) L
* KA+, 01 mpfl.

ﬂ Pt T | =
1] LRIl 0.0l 0.1 1

T Lirvic acid fgmal - 17!

Fig 8. Effect of simultaneous addition of ginsenoside Rb,
and retinoic acid (RA) on BAEC PA levels. Confluent BAEC
were treated for 9 h either with various concentrations of
Rb, in the presence and absence of RA 0.01 mmol/L (A) or
with various concentrations of RA in the presence and the
absence of Rb, 0.1 mg/L (B). Cells lysates were prepared
and the PA activities were determined as before. n=3.
Mean=SD. "P<0.05, ‘P<0.01 vs control.

TGF-b and that the resultant active TGF-b functions
to inhibit in vitro migration and growth of BAEC™*#,
Recently, wefound that RA induced suppression of the
angiogenesis, which was observed on chorioa lantoic
membranes, seemed to be mediated by the formation
of TGF-b at focd stes. Therefore, it might bepossible
that, anti-angiogenic activity of ginsenosde saponins
reported previoudy™*? might also be mediated by the
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formation of TGF-b. We are now examining this hy-
pothessusing both in vitro cdl culturesas well asin
vivo choriodlantoic membranes.
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