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Abstract

Anti—platelet and Anti—thrombotic Effects of

Jeju—jolitdae(Sasa quelpaertensis Nakai) Extracts

Eunsang Ko
Dept. of Third Medicine

Professional Graduate School of Korean Medicine
Wonkwang University

Directed by Prof. Yungsun Song, K.M.D., Ph.D.

The anti-—platelet and anti-thrombotic effects of leaf (LE), stem (SE) and
root (RE) extracts of Jeju-jolitdae (Sasa quelpaertensis Nakai) were
investigated using rat platelets and k—carrageenan—induced rat model of tail
thrombosis. LE, SE and RE dose-dependently inhibited the collagen and
ADP induced aggregation of rat platelets and the production of
thromboxane B, in vitro and ex vivo, SE the most effective, followed by
RE and SE. Unexpectedly, LE, SE and RE had no significant effect on
prothrombin time (PT) and activated partial thromboplastin time (aPTT). In
a rat model of tail thrombosisl LE, SE and RE exerted significant
anti—thrombotic effects via a reduction in the length of rat tail thrombus;
SE had the most potent anti—-thrombotic activity, followed by RE and LE.
Collectively, these results provide scientific evidence that the extracts of
Jeju—jolitdae, have anti—platelet and anti-thrombotic effects and that SE

was the most effective.
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Key words: Sasa quelpaertensis Nakai, Anti—platelet effect,

Anti—-thrombotic effect, blood circulation
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I. ¥ &

ZE s AARS A== tiufoldte] &b, 2o GAENE) SEORER)
¢l JuHF-(temperate woody bamboo)o]th. $-gutebel] A= FB g EH=
A7F sk Asfel wel vha Zolrh jleu 4-6 Fo] wAESE Ao
deid Aok AFE SEpatelnt AAsE AFEBdUE FHORE Sasa
quelpaertensis Nakaiz} 3+th? AFxzgls Aok o G2 (mriE) o) ¢
R HIERE ERCS O, MEol A8 T B2 WHE - Ok - bRl - A
KB YRIER] - iEE - ngs - REE - SESGY AYEA S JEdE Ao
+ alkene glycoside, flavonoid, p—coumaric acid, polyphenol, polysaccharide,
tricin, 58] ©¢3 =@ 50| Tl o, d2FEH WA Fud, ud
o Sl AFEH AT

= ofE0Em)olEt skol A Dol dAZ

1=}
1
o2, dele] Fgo] ddetA Foho] do] e 23 Aol
jus]
[e]

¢

£

g dH(platelet) S A7 2-4 yme] YA AAAXEZA o] &A= F
S EA4E dH FeA v E dAste XE 7Fs s, s
ARE9] S HFAS FAAFHO=ZAN FH &4 FodA g4 g &4
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O. B8 R H&

LMK R R

Potassium chloride, sodium bicarbonate, sodium chloride, Magnesium
chloride, sodium citrate, glucose & =T UWH Y HAFE(reagent)s2>
Sigma(Sigma, St. Louis, MO, USA)oIA &bl Ago] AHg3stslon,
a9 Be Aeke 57 feam dFoR Agadth FES 3% FR5

SAA oo met Aol H7EE A

2. ik

7 AFERY FE2E AX

ATl AFE HoXl Ame AFEoA AT AFzdAdE F7], e,
o FiEs 2 Adxg ts, &de] EAE Fol 2EHG0 g)s AR 10w
(v/w)el slgst= 5750600 mL)E ol-&ste] 100TCAA 4A%F &t &3] g
FEd-F= 34 S A vs, 1 NS filter paper (150 mm, Whatman)Z&
Abgsto]l ofdtatal, o HS FbE ST (MBS AFE St wSeta, F
SHg 2403 FQt -72TC Yo 441 v+, =2 Z(yophilizer, 11-Shin
Co., Seoul, Korea)ste], AlF=x3d o FZ=E(LE) 3891 g, Azt &7]

FZE(SE) 3884 g, AlFxEd ®e FZE2(RE) 2811 g 2t $538H5 )
A T C

el Agao] waaHA Agel A



T (HEVE) Sprague-Dawley rat(300-350g)+= A E}F=(Osan, South Korea)®
B Fdstan AdsE2 17 59 oA HATL 55 50 £ 10%=

1=}

1

L2 22 £ 1 °CollA 24N 35 vl 12413E2 WAl 124132 o]
3 =

M2 Rate] JEHEE KEEN A #Rifisto] A 0.8% citric acid, 2.2% trisodium
citrate @ 2% dextrose 3+ S 11AQl anticoagulant citrate dextrose
(ACD) &l ffEAZATH9:1 v/v). Rate] M- 230 x gollA 1083 944
B8 AlA Ll platelet-rich plasma (PRP)E 2212w, PRPE 800 x goll A
1587 9AEHAIA d2HS sl sFa 0.3% bovine serum albumin”b
gHf¥ HEPES $H& o (#2#%)[137 mM NaCl, 27 mM KCl, 1 mM MgCl,
56 mM glucose, 3.8 mM HEPES; pH 65]& A3t 23] estach A4
7H& 04 mM EGTA7F &% HEPES ¢35 (pH 7.4)°] ETHA A 7] i,

o Pl 1 x 10° cells/mL w52 ZA st

3. AEEY FA

Alge] dad MY a5 =43517] 938te lactate dehydrogenase
(LDH) release assay kitZ o]&3&cth 43S 1 x 10° cells/mLzZ %5
o2, 100 pLA 96-well platedl oF &5 (k)8 CO, A wid7]ol A 10
b Biggstdlnt. oloM, AlRE FoXl sEE davtd Agste] 5 ot
BiaEst k. KW e fd FE(EHES AMZE 96-well platee] 50 pl 5



(/#k)skar, LDH reagentZ 50 pl® HA7MAIA KIESE the, Kol &y
stop solution?l IN HCI& 100 pul H7}sta KfEstE AL FA A # k. 4o
T2 d4we LDH SA48t7] & &2 Kikks A7

X-100 €4S 50 L #H7FsA 40 rpmo = 10% &<t
© 2 LDH reagents #H7lste] KESHA kil K]
g3 51, ol RS 72 540 nmoll Al G (bsorbance)

il

47 $H7& Aggregometer (Model 490-2D; Chrono-log, USA)Z =4 &}
ATk =43 41 x 10° cells/mL)9] #5400 pl)S 37 °Cellt} 2
Aggregometer®] 5% &<t AL ¥| % (pre-incubation) 3t Tha-o CaCl, £ (1.

mM)< FH7tsto] 2% &<t t‘ig/\]ﬂJ— Zkzte] AgE Foxl vsdE=E Ut
ate] 2% &<k WAl AT a4 SN

T+ ATP (10 uM)E %01 5% &

_ﬁ
oo

=522l collagen (2 pg/mL)

(¢}

¢

F—.°~

H
HE-S A1 71 thS 3 % (transmittance) =

=48, 4 NS AEE Astsdn
uh, @9 Faukg HAL

ol L-yntgo JAFI= A5 prothrombin time (PT) % activated
partial thromboplastin time (aPTT)E ME3FR L, olE #FEsAc. PT 2
aPTT+ HEhIMEEEE > AT#(Auto  blood coagulation analyzer, Sysmex
CA-540, Japan) AF&3alA zZAFsth. @ PT #49: 50 uL¢ Thromborel® S
reagentS WA Tt A ZL 2 SR 10 pLob EAS WAl 37 °Coll A
10 =<t AL A 8 (pre-treatment) SR tF. o]of A, 100 pLe] rat Z&kvw}
(plasma) #hnakal KEAZIHA  mkEE el A oA = AZts SASHA
ok olu) el wEliol %fEAZ) heparing %A o) & (positive control) E



o] g3slAitt. @ aPTT #24: 50 ulL® Dade® Actin® Activated
Cephaloplastin reagentS ZF &kt 10 pLet EHAESEL UA 37°CollA 107 &
oF AV A2 st o]oj A 50 pLel rat ZEFAvh(plasma) ¥ 50 plLel 25

mM CaCly #¥#eS H7bstel KIESHA sl4 delgmrt 2asle AE 27
Stk o) sHgel wiksh kel WRA 7 heparing F4 HETOE o] §3

At

A}. Thromboxane B; ZAA}

Thromboxane B, (TXB2)¢ €7 %] peroxidase®Z A ¥ TXB2-5o] &
Al(antibody)e] Agtel]l w3k AANES FEFEE A ZFH  enzyme
immunoassay (ELIA) kit (amersham phamacia biotech, UK)ZS A}-&3}%it}.
AzAbe] kit Al ol whel, zhzE Aok wbgAIZ F 1 uM kgl 9
fretel  FAAZI UA EEE RESE A (reagent)S 450  nmol A
microtitreplate photometer (SPECTRA MAX 340, USA)Z ¢jo] e/ #rd}
ATH.

o}. Carrageenan 2 4 Ed A%



2. TAAE

A\
o,

rE A= 33 ol ZHA whE Ao =E¥ e A
(mean)¥ X2 *F(standard error of the mean;, SEM)Z %At}
Dunnett’s test®} t-test sigma statistical software (San Rafael)S A}-83F
ANOVA testE Al o FAAQ FHEME-> Duncan’s multiple range

testE ARE38te] p<0.05 oA Aol fENS Wisk At



FEE A AFzsld (LE), 271(SE) 3% FHRE) FEE
AH AESHE 2AE7] 918kl LDH F&% S4WS AHEstath o9
& =(100, 200, 300 2 600 ug/mL)e] LE, SE % RES ¥
58 Aeld th, wguAe] f&€ LDH F& FAsAvh dixaat v
stef, B= Aol e’ LDH #e] S7hs w3 2
#4 LE, SE ® REw= Folxl s=olA dade] tste] Axs4S vy

A g Ao Bl

r,
=
S
[oe]
(@)
g
7
)
£
S

Table 1. Effects of LE, SE and RE on LDH release in washed platelets.

Treatment COH(CD(Zr/IIEIrLa)tion L(]l)lglgselceeﬁi)e*
e - 78+ 8
LE 100 77 +5
LE 200 4 £ 7
LE 300 77 + 4
LE 600 81 + 8
SE 100 78 + 8
SE 200 66 + 7
SE 300 76 + 6
SE 600 80 + 3
RE 100 77+ 7



RE 200
RE 300
RE 600

70
72

82

I+

I+

I+

“Data are expressed as mean = SEM (n = 3).



o] ¢ ¥%=(100, 200, 300 ng/mL)°] LE, SE % REE &

en

collagen =+ ADPZ 5H5F

o
H

o}

Collagenell <]

&9z

300 pg/mL %4 SE > RE > LE

-
1

Fe] A ch(Fig. 1). ]9t

£

o

= A (Fig. 2).

=

)
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100 100

80+ . 80+ il
_— _—
S N S
S 60+ S 60+ .
= =
el =] +
S 40+ £ 404
g g
204 204
0- 0-
Con 100 200 300 Con 100 200 300
LE (pg/mL) SE (pg/mL)
100
80

60

40+

Aggregation (%)

20+

0-

Con 100 200 300

RE (ug/mL)

Fig. 1. Inhibitory effects of LE, SE and RE on collagen-induced platelet
aggregation in vitro. After pre-incubation with indicated doses of LE, SE
or RE for 5 min at 37°C, platelets were stimulated with 2 pg/mL collagen.
Platelet aggregation assay was carried out as described in materials and
methods. Data are expressed as the mean £+ SEM (n = 6). *p < 0.05

compared with the vehicle control.
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100 100

_ 804 _ 80+
S S *
o - S
S 60+ - S 60+
S 40+ £ 404
g g .
20+ 204
0- 0-
Con 100 200 300 Con 100 200 300
LE (pg/mL) SE (ng/mL)
100
__ 80~
s *
g 604
=
-11]
£ 40-
g
204
[]_

Con 100 200 300

RE (ug/mL)

Fig. 2. Inhibitory effects of LE, SE and RE on ADP-induced platelet
aggregation in vitro. After pre-incubation with indicated doses of LE, SE
or RE for 5 min at 37°C, platelets were stimulated with 10 nM ADP.
Platelet aggregation assay was carried out as described in materials and
methods. Data are expressed as the mean £+ SEM (n = 6). *p < 0.05

compared with the vehicle control.
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3. AFZEHY FEEY ex vivo ¥4 &3

A 9] (ex vivo) FEad FIE 2AMSHY] 918te], 19 13] 3L o8 &
(100, 200, 300 mg/kg As)e] LE, SE 2 RES F 4 FoA3 Fof
AHEGHEBOE Ao A dAags Bk T8 27107 cells/mL)ol

=
collagen ¥+ ADPZ 53t AF3te] dad SHNEES FEIFUT

ol

=4
tHFig. 3). o] ¢} frAreE A@ A7 ADPE 43 S-S =gk Aol

A #EE Ao (Fig. 4).
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100 100
*
_ 804 * _ 80+ *
s s
g 60- £ 60- x
= =
=11] =11}
S 40+ £ 404
g g
20 - 20+
0- 0-
Con 100 200 300 Con 100 200 300
LE (mg/kg) SE (mg/kg)
100
80+ *
g *
g o0
=
=11}
£ 40-
¥
20
0-

Con 100 200 300

RE (mg/kg)

Fig. 3. Inhibitory effects of LE, SE and RE on collagen-induced platelet
aggregation ex vivo. After rats were orally treated with LE, SE or RE
(100, 200, 300 mg/kg), blood samples were collected, and platelets were
stimulated with 2 pg/mL collagen. Platelet aggregation assay was carried
out as described in materials and methods. Data are expressed as the

mean £ SEM (n = 6). *p < 0.05 compared with the vehicle control.
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100 100
_ 804 _ 80+
S S
o A S -
S 60+ S 60+
S 40+ £ 404
g g
204 204
0- 0-
Con 100 200 300 Con 100 200 300
LE (mg/kg) SE (mg/kg)
100
__ 80~
g o0 -
=
-11]
£ 40-
L
20
0-

Con 100 200 300
RE (mg/kg)

Fig. 4. Inhibitory effects of LE, SE and RE on ADP-induced platelet
aggregation ex vivo. After rats were orally treated with LE, SE or RE
(100, 200, 300 mg/kg), blood samples were collected, and platelets were
stimulated with 10 uM ADP. Platelet aggregation assay was carried out as
described in materials and methods. Data are expressed as the mean =*

SEM (n = 6). *p < 0.05 compared with the vehicle control.
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4. AFxHY FE229 TXB2 €4 A&

o] ¥ % %(100, 200, 300 pg/mL)¢] LE, SE ¥ REE dAi o]
t}2, collagen T+ ADPZ 5#3F =35ty 4w A E
al

Collagen®ll 9l3] f=® Fix EAste] 49, gz H

B Ao A 5 gFZHS TXB2 &4 A&7 &=, zhzhe F
=59 TXB2 #4] JA&3+= 300 uyg/mL 5594 SE > RE > LE 9=
A2 A (Fig. 5). o9 A AdAx7 ADP2 d4ad dAsE Fe3

i

Pl A= & A H(Fig. 6).
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3000 3000
- *
~~ ~_
3 2000 3 2000~
&b &b
& &
2 2
& 1000+ - 10004
0- 0-
Collagen - + + + + Collagen - + + + +
LE (ng/mL) - - 100 200 300 SE (ug/mL) - - 100 200 300
3000
®
~
F 2000-
&b
&
:
—~ 1000 -
0=
Collagen - + + + +
RE (ng/mL) - - 100 200 300

Fig. 5. Inhibitory effects of LE, SE and RE on collagen-induced TXB2
production. After pre-incubation with indicated doses of LE, SE or RE for
5 min at 37°C, platelets were stimulated with 2 pg/mL collagen for 5 min.
ELISA for the TXBZ2 production was carried out as described in materials
and methods. Data are expressed as the mean + SEM (n = 6). *p<0.05
with respect to the vehicle control. **p<0.05 with respect to treatment with

collagen alone.
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3000 3000
- -
— —
g 20004 é 20004
&b B
& &
3 3
% 1000~ % 1000
0- 0-
ADP - + + + + ADP - + + + +
LE (ug/mL) - - 100 200 300 SE (ug/mL) - - 100 200 300
3000
*
—
g 2000 -
g
&
3
7 1000+
[]_
ADP - + + + +
RE (ug/mL) - - 100 200 300

Fig. 6. Inhibitory effects of LE, SE and RE on ADP-induced TXB2
production. After pre-incubation with indicated doses of LE, SE or RE for
5 min at 37°C, platelets were stimulated with 10 pM ADP for 5 min.
ELISA for the TXBZ2 production was carried out as described in materials
and methods. Data are expressed as the mean + SEM (n = 6). *p<0.05
with respect to the vehicle control. **p<0.05 with respect to treatment with

ADP alone.
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5. AFx2HY FE&9 @Y sid vA= IF

¢ &% A (anticoagulant activity)S ZFAFsH7] 98t
o g dHo] 300 pg/mL F=2 LE, SE ¥ REZ A3
e, PTSF aPTT AIZFS S48tk =3 vaste], LE, SE 9 RE A
g= PT % aPTT AIZHS folatAl S7HA 714 gtk Table 2). W, &8
At =

28-S el heparin® PT 2 aPTT AZHS f2skAl S7HAI A TH

Table 2. Effects of LE, SE and RE on rat plasma coagulation time in

vitro.

Treatment PT" aPTT"
(dose) (sec) (sec)
None

(vesicle) 844 £ 0.10 17.00 + 0.81
LE

(300 pg/mlL) 862 = 0.20 18.20 + 0.50
SE

(300 pg/mlL) 9.31 + 0.15 19.74 + 0.75
RE

(300 pg/mlL) 883 = 0.10 17.73 + 0.40
Heparin 3503 + 551 > 100

(10 IU/mL)

“Data are expressed as mean * SEM (n = 3).

“p < 0.05 compared with the vesicle.
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A L) (ex vivo)
300 mg/kg® LE, SE

[e)

=

3}l carrageenan

RE= 1
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=
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=

)

At (Fig. 7). SE w50 o
- 20 -

e}
o] M3l=E FAtek A3} 300 mg/kg SE FEoA F

Ror, LE, SE ¥ RE A 2ltel A
H I (Fig. 8).

SE > RE > LE A2 &

=

=



-

g S0 .
&
E 60 - -
<
T 40-
=
=
= 204

l]-

Con LE SE RE
Fig. 7. Inhibitory effects of LE, SE and RE on carrageenan-induced rat
tail thrombosis. Rat tail thrombosis was induced by carrageenan. LE, SE
or RE (300 mg/kg) were orally administered 1 h before carrageenan
injection, and thereafter treated with 24 h interval for 3 days. The
formation of thrombosis was photographed 1 h after the last treatment
(upper). The thrombus lengths was measured 1 h after the last treatment
(lower). Data are expressed as the mean + SEM (n = 6). *p<0.05 versus

the control (Con).
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Thrombus rate (%o)

Con 150 300 500
SE (mg/kg)

Fig. 8. Inhibitory effect of SE on carrageenan-induced rat tail thrombosis.

Rat tail thrombosis was induced by carrageenan. SE (150, 300 or 500
mg/kg) was orally administered 1 h before carrageenan injection, and
thereafter treated with 24 h interval for 3 days. The formation of
thrombosis was photographed 1 h after the last treatment (upper). The
thrombus lengths was measured 1 h after the last treatment (lower). Data
are expressed as the mean * SEM (n = 6). *p<0.05 versus the control

(Con).
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