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ABSTRACT - Platelet activation is originated by the intracellular or/and extracellular Ca®*.
Agonist-induced Ca”™ entry through a plasma-membrane pathway has been reported repeatedly,
but the mechanisms has proven harder to elucidate. Recently, a number of natural products
have been isolated from medicinal plants and marine organisms and have proved to be useful
chemical tools for resolving the mechanism of cellular functions. In an attempt to understand
the mechanism of platelet activation in Bupleuri Radix, we have studied some aspects of the iso-
lation of active components and their dependence of external Ca™ on platelet activation. Acetone
extract of Bupleuri Radix has the most activity on platelet activation and it's active components
were identified as saikosaponin a and d. Their optimal concentration was respectively 20 ug/ml/
and 5 ug/ml/ and their platelet activation was not dependent on external Ca”™, whereas optimal
concentration of each agonist was arachidonic acid (10 uM), collagen (10 ug/ml), thrombin (0.1
unit/ml), PAF (5 nM), PMA (5 uM), ionophore A23187 (2 uM) and their dependence of external
Ca® on platelet activation appeared to thrombin > collagen>PAF > PMA > arachdonic acid > iono-
phore A23187. These results suggest that saikosaponin is different from each agonists in the de-
pendence of external Ca® on platelet activation.
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A & (Bupleurum falcatumy= v }2]mke] thdy 2B o2
Hale dhelA sg, 1A, 45, dutolels, RS E
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NBESE U Al

Ao ALg3 E7E 25~35kgH = FAL A9
gt A FAstAT it ASE AFAE ek
Aol ATt Z+ &5 Al (agonis)E AFEEE Al
arachidonic acid, collagen, thrombin-2 Chrono Co.9]A]
ionophore A23187, PAF, PMA+ Sigma Co.o) 4] {131
o} 8418 Aleko 2= HPLCE methanol(Fisher chemical,
HPLC Grade}s A}835}$al, Column chromatography-&
silical gel-2 kieselgel 60(230-400mesh, Merck 9385)2- A}
2319 01 TLC plates= Kieselgel 60F254(Merck art 5554)
2 ARSIt & gl ALg T RE gl FHRete] A}
831915, 29 Aloke B Alekg AbgatiTh

of¥ 22 rx

AU g5 A8 £F

a0 sehodo] A= E7] RS citrate-dextrose-§-H
(=] 1/6:65 mM citric acid, 85 mM trisodium citrate,
2% dextrose, pH 4.5)of A&t &, 250xg= 1087 94
)3t Abs ol (platelet rich plasma)g #&[3 & HAE
(platelet rich pelletys Tyrode HEPES buffer pH 6.35-8<4.0.
2 % ¥ Mg &, npxj2 o 2 Tyrode HEPES buffer pH
7.35 §olo g BOgle MA di g (washed platelety F
AstAc i $5 B3 du)F o ASstd, A%
F7F 5x10%ml7}t HEE gMste] AFe A&ttt
Tyrode HEPES-&989] AL 1383 mM NaCl, 2.68 mM
KCl, 1.048 mM MgCl,xH,0, 4.0 mM NaHCO,, 10 mM HEPES,
0.35% Albumin(BAS), 0.1% glucose©]t}.

gag 343} 282 P4 gy 9wy LS
FEHE WEE 0|83 35 F774%](Whole-Blood Ag-
gregometer, Chrono-log Co.)& AHM&3l ). E43 579
(platelet rich plasma) 250 WiE 3l 37°CE 1,200 rpme]|
Al kstAA 3%l ZHE F CaCl, 1 mME FH7tshal
ThA] 380 A3ts S A& 8 T AFAE vEEE
Eoisle 4% $HS Y. 34 ¢ FEE F
o} CaClLE T & ¥2 Fosld A& S

ANZOM] REME B2l Y 83

ARE T Q= FUAE A5 (600 gyS A3 T methanol
(MeOH) &2 A2oA FZE3TE. MeOH F2o4&
40°C o)3}ollA) 719t =31 n-hexane, ethylacetate(EtOAc),
buthanol(n-BuOH), acetone ¢ &1l Foz FZ3$ct
(Fig. 2). 1) F&EF) dAvt 28o] 7&}iL, saponin
Bako] W acetone FEEZS silica gel(70~230 mesh)

column g &% &ujo ubz} Fraction I, II, III, VI, V&] &
5§ Utk 7 £89 FEARS HAs] flsko
High Performance Liquid Chromatography(SCL-10A, SHI-
MADZU)Z 2] ZZL Intersil ODS prep-column(10X
250 mm), 0] EAH(MeOH:H,0=90:10), AZ 34 205 nm, &
2 3 ml/minol| A AMHE-3FS T

&

kl

Zap g
Az gl &8 Ead F4s 482 F2E 100
ug/mlol Al A% 38| methanol(55%), hexane(0%),
ethylacetate(60%)2 JEFETL 60 ug/mio) 4] methanol(13%),
ethylacetate(43%), acetone(55%)% U EFLTHTable 1). Al &
Fo)FEE Fo S-Sl 733 acetone FEE S silica
gel column o2 2218 I~V £3589 ¥49 45 v
wall B9, I, 1L, IV, VE3E-& 50 pg/miolA] z+2} 61%,
67%, 33%, 46%7} V}E}TH(Table 2). Acetone F2&2-9] 11,
I, IV, V 282X HPLCO.Z £ - A3 fEH 7
retention timeol] YolA 81837 11.6% peak’} EFE
saikosaponin a$} d2 #1319 rh(Fig. 1). Saikosaponin a
= triterpenoid B]E) @A 2] C11 $X]ol carbinol T3, C3$]
Aol fructose®} glucoseE 7R ¢l oB Cl6 =] od
OH~| 2, saikosaponin d+= saikosaponin a$£} o]A] 2 4| 24|
C16 9=l B OH7|7} Yrt. L9 peakel] gt }ah7-%
& T ok
i FAF 2ol gk &% AE arachidonic acid,

Table 1. Effect of solvent extracts of Bupleuri Radix on
rabbit platelets

Concentration Platelet aggregation (%)
(ug/ml) MeOH Haxane EtOAc  Acetone
100 55 0
80 36 50
60 13 43 55
40 3 8 46
20 0 0 0

Table 2. Effect of acetone fractions of Bupleuri Radix on
rabbit platelets

Concentration of Platelet aggregation (%)

fraction (Ug/ml) II m v v
50 61 67 33 46
20 60 62 3

10 43 57

1 8 50
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Fig. 1. HPLC pattern of acetone fractions from Bupleurum
falcatum.

collagen, thrombin, PAF(Platelet Activation Factor) 5-o] 1
t}. o]2i3 ESAES AA WA ¥ - AEAHT ZAY
oll =4o] g W felslo] "aghs gAstrgl oz
g4 9 APEaRE JeEpd. & AFoA dast &%
of Wigt 7t a5 Ae AA wro AAL 7 FEEE 1
z+8-5 Av B A3 Table 394 arachidonic acid= 10
UM, collagen-& 10 ug/m/, thrombin-& 0.1 unit/m/, PAF:=
10 nM, PMA 5 uM, ionophore A23187 2 uMei|A] z}z}
o] A& Ve dibH oz ALEEE T
FA 52 thrombin(0.1 unit/md), arachidonic acid(100 pM),
collagen(10 ug/ml), PAF(2 nM)& ®.1% 1 gxvh, 8%
5, @40 B 276 wet 2} 540 A& HA o
3 e g2A russ ok weba) i s
282 oo Aeld Aol weh ofe e Ao

AR Baw $HAEE AZNE F AL Ca”
#9 RATN G 37) 202 8% I A4 55
o ME G &S RIA, HAFES YrEow

sl Ca*e o Foalgdn EGTA(Ethylene Glycol-
bis(B-aminoethyl ether)-N, N, N', N'-Tetraacetic acidys A}

Table 3. Effect of each agonists on rabbit platelets

gote Fas F-Fdef Felsle Ca¥g AAS F 2 &
£-2 ARt Ca* 1 mMolA ZE 3§ -‘Ez‘ﬂ% o &3
& eI, EGTA A2 Ald& &

A gk A t34’5:’(shape change)Rt YElETH Ca® 0.1
mMol| A & A4m 2-F2 thrombin®] 0%, collagen® PAF=
11%, PMA 45%, arachidonic acidv 55%, ionophore A
231878 64%2 402 UERT}. Ca* 0.01 mMollA] F4
B 838 thrombin 0%, collagen 2%, PAF 7%, ionophore
A23187 15%, arachidonic acid 21%, PMA 35% <02 1}
ERsTh(Fig. 4). ZF B Ao uheb Faw &9t ojg
A3EL) Ca™ &AL thrombin > collagen > PAF > PMA >
arachidonic acid >lonophore A23187 $=© 2 }Ely}CH(Fig.
2).

2% saponin®] A FAste] o ML Ca™o} 2
4% B, acetone S} I R-FEoA Ca® 1.0 mM3} 0.1
mMoj| A Ao} ggo] e, Ca™ 0.01 mMoA Z}z}
50%, 56%2] "9 @do| el on, EGTA ZX 2] A
& dad Aol ZH 10%, 8% LHERTHTable 4). A

Thrombin Collagen  Arachidonic acid 'z""‘"’

0
10 j]
6.01mM
20 4
E
w0 0.1mM
50 ~
60

3mln

Aggregation P

Fig, 2. Effect of external Ca™ on platelet activation in-
duced by agonists. Recording of shape change and
aggregation of rabbit platelets in reponse to agon-
ists (thrombin, collagen, arachidonic acid, iono-
phore A23187, PAF, PMA). Platelet shape change
was expressed as a decrease direction below basal
level of aggregation (0%). Agonist was added 3
min after addition of CaCl, (0.01~1.0 mM).

Thrombin Collagen Arachidonic acid  Jonophore A23187 PAF PMA

Con. Agg. Con. Agg. Con. Agg. Con. Agg. Con. Agg. Con. Agg.
@iivm) (%) gmd) (B @M (B @M B oM %) @M (%)

0.10 61 10.0 66 100 75 10 88 10 71 50 76

0.08 59 6.0 62 10 74 5 80 5 69 20 75

0.06 46 2.0 59 5 63 2 80 2 60 10 70

0.04 30 1.0 59 1 39 1 25 1 60 5 67

0.02 6 0.6 36 0.5 23 0.5 0 0.5 36

0.01 0 0.2 7 0.1 12 0.2 24

0.1 0
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Table 4. Effect of external Ca”™ on platelet activation in-
duced by acetone fractions of Bupleuri Radix
and saikosaponins

Platelet aggregation (%)

2+
(ES\/I) I 20 1T (20  Saikosaponin  Saikosaponin
Hg/ml)) pg/ml) a (20 pg/m) d (5 ug/ml)
1.0 63 60 69 71
0.1 61 60 50 66
0.01 50 56 39 54
EGTA 10 8 24 35

& acetone Il £&EollA £2] « AA3F} saikosaponin a2}
de) P4 48342 Ca® A3 2] A] 242} 20 pg/mist 5
ug/mlo X 69% H= g5 YERjARE 1 ojide] 3
5 FolA A Cave A3 YrietE Frne) ¥
¥ Z7ke Hu7e) SRAEHY Wavol F3sH
Eldt}. B3 OH9 saikosaponin di= saikosaponin aX U}
2 LS Ze FREAHAAS vehz gl
Saikosaponin a®} dof| tjst iy EAste] oigh kﬂiﬂ
Ca™ &AL Ca™ 1.0 mM3} 0.1 mMojjx] Hoj &44o] 1}
Elyt iz, Ca™ 0.01 mMoll X ZH2) 39%, 54%2) 84w 4
ol Yelk o, EGTA HAA| Al vtk B8] 7} 7}
24%, 35%2Z }ER}TH(Fig. 3, Table 4). Saikosaponin a2}
doll Rt M EZe) Ca™e o EHLS 2} FFAoe e A
9] Ca* &AL Uehlix oz Algdch dutdog
47 FAse] g3t AEY Ca* 9FA F7He AEY
MEW AAFaroA [elEe} calmodulinsy)

2+ 0 0) T
T

Ca™ 7% !

o AL BA 2F wavh 1S AusFo A Wo
# $AE a0 o E £ ionophore A
23187 Alx ol A@ste] Alzefolel M Azl 27} &
ol& Ca"& E#HA|7]1 arachidonic acid® prostagrandin

9 inositol 2 BA8H] A XV AF51) M Ca¥ g WEAIZ
ok wetA] of 7 BAe] Ca el ol 2 WA
AZ 220t AL Ca™ol ol Az g MY} B35
o FUsE AE obF wWasHA WA 9A @ H
HFPEANA B HAEANME a9 45 i

0

N
r

¢

Saikosaponina (20 ug m) Saikasaponin d B ugiml)

1) [H-—T
~ o 1t
X
§ » EGTA 1 mM n
=
,E 30 o}
o
©
z ¥ ooimm EGTA 1 mM
< )
E w0 50} \‘_
o 0.1 mM
w0 - 0.01 mM
1mM 0.1 mM
70 nr 1 mM

Fig. 3. Effect of external Ca™ on platelet activation in-
duced by saikosaponin a and d. Recording of
shape change and aggregation of rabbit platelets
in reponse to saikosaponin. Platelet shape change
was expressed as a decrease direction below basal
level of platelet activation (0%) and aggregation
was expressed as an increase direction. Agonist
was added 3 min after addition of CaCl, (1 mM).
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%28 saikosaponin a$t d= C16 91l z}z} a9} o] OH7|E e o)A A =, saikosaponin d7} aX.t}
3 SR AES 2k F2EAAAE JeRl 2 ol 2 Ao weld ad §4 8] g A Ca* 9
-2 thrombin > collagen > PAF > PMA > arachidonic acid >Tonophore A23187 &0 2 Uelygt). A3 =28
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